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ABSTRACT

ARTICLE HISTORY

Current research points out the need to develop early childhood
education science content didactics. This qualitative study
contributes to the ﬁeld, illuminating teacher’s and children’s
communication about physics. Teaching activities in ﬁve
preschools, children age 1–5, are inspired by a science teaching
model including digital support. The analysis is guided by
concepts object of learning and ways of communication with
developmental pedagogy as a theoretical framework. The results
show (1) how the communication related to the object of
learning can be described as diﬀerent ways of communication (2)
communicative patterns related to ways of communication and
each setting. The ﬁndings show characteristics and patterns of
communication where teacher’s and children’s ways of
communication, the science teaching model and the teacher’s
role is problematised. Further research is needed to investigate
implications for teachers and children as contributors in acts of
communication related to science teaching and digitalisation.
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Background
The Swedish preschool is a goal-directed institution, which implies the need to develop
an early childhood education didactics (Fleer and Pramling 2015; Fridberg et al. 2020). In
this study, we report on an analysis of teaching activities that are part of a three-year professional development (PD) programme on collaborative inquiry teaching and learning
of chemistry and physics, scaﬀolded by digital tools, in Swedish preschool (one-ﬁve
years). The PD was jointly established with a school district encompassing seven preschools. In the PD, a semantic view of theoretical models in science is stressed, with
focus on their explanatory powers related to meaning (Adúriz-Bravo 2013; Fridberg
et al. 2019; 2020). Hence, science is viewed to describe real-world phenomena by organising explanations through scientiﬁc theories and theoretical models. Therefore, the
teaching of science content is in the PD promoted to concern observations of a real
phenomenon together with communication based on a theoretical explanatory model.
To base, the communication about the real phenomenon on an explanatory model
(agreed upon by the involved teachers in advance) has previously been found beneﬁcial
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for teaching (Fridberg et al. 2020). Furthermore, Eshach (2006) suggests that science
learning concerns two domains of knowledge. The ﬁrst domain is about domainspeciﬁc or conceptual knowledge, which is about scientiﬁc concepts, phenomena and
connections. The second domain concerns domain-general or procedural knowledge.
Procedural knowledge can be understood as ‘doing science’ and this knowledge can be
developed in many diﬀerent domains, not only science ones (Eshach 2006, 2). In the
PD, the two domains are synthesised in the suggested science activities, to help the children experience a comprehensive and child-centred situation.

Literature review and theoretical framework
From earlier research, it is known that the communication established in a situation can
reﬂect the learning that is made possible in the current situation. Samuelsson and Carlsson (2008) show that a taken-for-granted shared attention – between teacher and children − is not suﬃcient in a learning situation. Interaction with the support of metareﬂective communication seems to be necessary to make sure that attention to the learning object is shared between the participants. Examples of this have also been visible in
our research about intersubjectivity (Fridberg et al. 2019). This research shows that the
pursuit of intersubjectivity in a learning situation can be treacherous. Teacher and children can believe they talk about the same learning object, but a detailed analysis shows
that their foci can be diﬀerent (Fridberg et al. 2019).
Many researchers interested in science learning have pointed out the importance of
communication in children’s learning (cf. Dewey 1916/2002; Elstgeest 1985; Helldén
2005; Helldén and Helldén 2012; Larsson 2013; Thulin 2011; Fridberg et al. 2019;
2020). In connection to this, one aspect which has been shown to be of importance is
to make the object of learning visible and not ‘hide it’ behind for example one-sided
anthropomorphic talk (Thulin and Pramling 2009). The use of metaphors can be a
useful tool for children’s learning but there is a danger if the children’s perspectives
are overlooked. Research shows that if children are referred to language use that is dominated by everyday talk (including the use of metaphors), they can be uncertain in respect
to the content of the communication. If no consensus or reciprocity prevails, a consequence could be that the children will be left alone searching for meaning and developing
knowledge for themselves. Teachers’ challenge in the learning situation is to consider and
create links between children’s perspectives − everyday experiences − and the science
object in focus (Thulin 2011). As one example, Gustavsson et al. (2016) have studied
four diﬀerent teachers teaching children science in four diﬀerent learning situations.
The result from that study shows that there is a diﬀerence in content focus in the teachers’ communication. On one hand, teachers can try to make everything visible concerning science by addressing everyone and everything. On the other hand, teachers
can create a shared space for learning by highlighting and addressing common
content responsive to children’s experiences.
In this study, the interest is directed towards the communication established between
teacher and children in learning situations about physics. We want to examine ways of
communication established in these speciﬁc teaching situations. We also want to ﬁnd
out if there are any diﬀerences between teachers’ and children’s participation in the
actual settings. As our interest in this study concerns teachers’ and children’s ways to
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communicate in teaching activities about objects of learning (cf. learning objects), we use
developmental pedagogy as a theoretical frame (Samuelsson and Carlsson 2008). It is
described as a theoretically informed model of learning grounded in phenomenography
developed to study and promote children’s learning (Samuelsson and Pramling 2016).
Learning is, in this approach, described as discernment and sense-making and can be
related to a speciﬁc object but can also be viewed as a theme with objects of learning.
To learn something is about increasing the repertoire of understandings and becoming
aware of that an object of learning – e.g. a speciﬁc content as physics – can be experienced
in diﬀerent ways (Samuelsson and Pramling 2016). Several researchers underline teachers’ own content knowledge as a critical aspect for children’s learning (cf. Larsson
2013; Thulin 2011). Knowledge about the actual content can support teachers’ ability
to make the learning object visible in teaching activities. Another aspect of importance
for children’s learning is to direct children’s attention to the learning object in focus
(Samuelsson and Carlsson 2008). One way to do this is to listen to and make use of children’s perspectives. Research based on developmental pedagogy shows that when children meet something new; a phenomenon, a connection, or a thing, they use their
experiences to understand the new situation. By noticing children’s perspectives, a
teacher has an opportunity to create teaching situations where children’s experiences
are utilised and paid attention to (Thulin and Jonsson 2014). The use of meta-cognitive
dialogues is another point of departure of importance for children’s learning (Samuelsson and Carlsson 2008). By communicating an object of learning related to three levels,
children’s learning is stimulated in a positive way. The ﬁrst level is about communicating
the learning object in a direct concrete way, as it can be discerned by the children, e.g.
colour, form, smell, size and so on. On the second level, communication also takes
place in a general, abstract way. Here discussions concern phenomena and things
which is not visible for one’s eyes, e.g. relationships and connections. Meta-reﬂective dialogues are used within the third level which means that the communication concerns
learning from an overall perspective. Questions about the learning process and the children’s perceptions of it are addressed (Samuelsson and Carlsson 2008).
Another aspect of children’s learning, which also has a connection to developmental pedagogy, is that the teacher – in the learning situation – must take both the children’s perspective and the object of learning in focus into account. We use the
concept of mutual simultaneity. When mutual simultaneity is established, i.e. when
the teacher creates links between the child’s experiences and the science content in
focus, the child can discern the phenomenon as something new and special (Thulin
2011; Thulin and Jonsson 2014; Fridberg et al. 2019). To sum up the theoretical framework of this study, in using developmental pedagogy, we consider the point of
departures described above related to communication about science objects of learning
in preschool.
Aim and research questions
In this study, we aim to develop knowledge about teaching in preschool with a focus on
teachers’ and children’s ways of communicating related to a physics object of learning.
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How can teachers’ and children’s ways of communicating in teaching related to a
physics object of learning be described?
Can some patterns of teachers’ and children’s communication be identiﬁed and if so,
what can speciﬁcally be pointed out?

Methodology
The preschools in the school district participating in the PD are located in either central
or rural areas of a mid-sized town. In the central area, there is a large percentage of immigrants and many of the children do not have Swedish as their ﬁrst language. In the rural
areas, the native Swedish speakers dominate. The preschool teachers from the subset of
ﬁve preschools participating in the study presented here showed their interest to engage
in this study when it was presented within the PD. Two preschool groups had between
three and six participating children: one-three years old. In three groups there were
between ﬁve and seven participating children, three-six years old. All children were
chosen and invited by their preschool teachers, respectively. As in most teaching activities, the time the teaching activity lasted together with the number of children as well as
the number of teachers, varied for each video-observed occasion. An important point is
that the responsible preschool teacher participated in each teaching activity building on
the model-based science teaching discussed in the PD. During the PD, a ﬁve-step teaching model inspired by developmental pedagogy (Samuelsson and Carlsson 2008) was
suggested to the staﬀ who then could adjust it according to their own teaching and the
children’s experiences. The teaching model was thus linked to the theoretical framework
discussed above.
By video recording the teaching situations, we as researchers had an opportunity to
study what physics object of learning the communication had in focus and how each
child was involved in collaborating activities and discussions, with and without digital
tools.
The science activities were on some occasions scaﬀolded by computer tablets or computers and basically followed the suggested teaching model in ﬁve steps below:
(1) Introductory discussion with children of the chosen phenomenon.
(2) Collaborative inquiry experiment documented by e.g. movie/photos or creative
material depending on characteristics of the phenomenon.
(3) Group discussion scaﬀolded by the documentation.
(4) Collaborative creative production to illustrate and explore the object of learning by
e.g. stop-motion animation or green screen technique.
(5) Children demonstrating and explaining their understandings related to the object of
learning to a preschool teacher not involved in the production.
Table 1 describes data from the participating preschools and how they during a span
of two to six weeks enacted their activities inspired by the ﬁve-step teaching model, yet
modifying it to suite their own circumstances. Therefore, we ended up analysing in four
steps where steps one and two were merged.

Table 1. Participating preschools, an overview of sample and design.
Number of
children

Age

Object of
learning

1–2. Introduction & activity

3. Discussion of
recording

4. Collaborative creative production

3–5

Air resistance

Air resistance, experiment
recorded in slowmotion

Discussion of the
slowmotion video

Production of one slowmotion animation

Preschool II 6

4–6
3–5

Discussion of the
timelapse movie
No discussion

Production of one slowmotion animation

Preschool IV
3

2

Balance/centre
of gravity

Water boiling, documented
by timelapse photography
Construction of miniature
power plants, no
documentation
Balancing on a path inside,
video documentation

Production of one slowmotion animation

Preschool III
7

Water
puriﬁcation
Wind force

Discussion of the
ﬁlm from step 1

Balancing on a path inside in a green screen
environment video documentation

Preschool V 4

1–3

Sound

Reprise of step 1

Creating sound bottles with diﬀerent
material and listening to these. Metareﬂection and video documentation

Listening to and creating
sounds, video
documentation

One child retelling the experiment, while
showing the slowmotion for another
teacher
Two children retelling their slowmotion to the
preschool teachers involved in the making
One child retelling the slowmotion to the
preschool teacher involved in the making
Three children commenting on the video
documentation from step 3 with the
teachers involved in the making
Children retelling the video documentation
from step 3 to another teacher
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Preschool I–V followed the ﬁve-step teaching model described above, with slight variations in implementation due to respective teacher and children’s expressed experiences.
This meant that steps 1 and 2 in the teaching model in some cases were carried out at the
same time and therefore, as discussed above, were reduced to four steps. It also meant
scaﬀolding by digital tools in varying ways and with teaching activities of varying
lengths between 30 and 60 min. The data material consists of video recordings, in
total 277 min which was videorecorded by the researchers. Using the teaching model,
building on a model-based view of science and theoretical assumptions about children’s
learning in preschool (Samuelsson and Carlsson 2008), constituted a scaﬀolding structure for teachers’ planning and implementation of teaching, and for children’s
meaning-making process in learning science.
Analysis
Guided by the concepts ‘science object of learning’ and ‘ways of communication’, the
analysis has been carried out as follows: (1) the video recordings of the enacted teaching
context were transcribed, including descriptions of verbal and non-verbal communicative actions as nods and gestures. A qualitative thematic analysis focusing on characteristics of teacher–child communication during the enacted object of learning was
performed (Bryman 2016). (2) Transcripts of videos were read by four researchers independently, focusing (A) all statements which draw attention to the current object of
learning, and (B) the characteristics of each statement in the sense of ways of communication in relation to the current object of learning, and in the end (C) the researchers
compared their analyses and agreed on in common interpretations. A statement shall
here be understood as a limited sentence/utterance, that a teacher or a child says in a
certain situation. A statement can also consist of, or be accompanied by, someone’s gestures, for example, a nod or a pointing ﬁnger. The analysis units are statements. In the
next step (3), the researchers compared their results and a set of preliminary categories
emerged. In the following step (4), the data material was read again, and analysed
through the set of preliminary categories, marking constituents of the ongoing dialogues
and (5) categories describing statements related to action and purpose emerged. The
process converged to a system of four main categories describing the characteristics of
the communication. These categories are To ask, To explain, To describe and To show.
In an extended analysis of each main category, ﬁve subcategories were identiﬁed. Two
subcategories related to the category To ask, and three subcategories related to the category To describe. Each category and subcategory are exempliﬁed by excerpts chosen
in relation to the research questions. Finally, (6) the number of statements associated
with each category and subcategory were counted for teachers and children respectively
and patterns compared. Categories and excerpts are reported under the heading Results.
Ethics
Ethical considerations are in line with the Swedish Research Council (2016) and
EECERA’s Ethical Code (Bertram et al. 2015) and all necessary information and permissions were dealt with during the long-term project. Trust, virtue and conﬁdentiality
have been keywords, where informed consent from teachers and caregivers was of great
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importance as well as a sensitive approach to children and teachers during video observations. To ensure the participants’ conﬁdentiality, all names in the excerpts are
pseudonyms.

Results
In the following, the results related to the research questions are presented. Firstly, we
will describe the four categories including subcategories exposing ways of communication in relation to diﬀerent science objects of learning. Secondly, we describe the patterns of the established communication.
To ask
Statements in this category are characterised by teachers or children asking questions
related to the physics object of learning and are divided into two subcategories, To ask
and expand and To ask and conﬁrm. In common for this way of communication is
that it is either formulated as a question or contains what we call an implicit question.
They are aimed to problematise something around the object of learning or direct children’s attention to some aspect of the object of learning.
To ask and expand
The statements in this subcategory are in some way expanding and they often start with a
why, what, or how, like: ⍰Why does … ?’, ‘What is the reason for … ?’ and/or ‘How is
… ?’. For instance, Mattis (four years) formulates a question when he asks, ‘How do you
know that?’ Common for the statements in this subcategory is that a child or a teacher
wants to know more. The statements are sometimes formulated as implicit questions
expressing an intention to make something new happen, such as ‘Now we shall see if
… ’ The little word if is an example of an expanding statement that creates expectations
and instigates development of the conversation.
An example of a questioning statement that puts focus on how to expand abilities and/
or knowledge connected to the object of learning comes from preschool V, where the
object of learning was to discern and create sound with well-known preschool material,
in this case an egg-shaker.
Teacher: Can you make a high and then a low sound?
Lilly: (shakes the egg-shaker powerfully)
Teacher: Can you make a low sound?
Lilly: (shakes the egg-shaker gently)
Teacher: Good Lilly!

The teacher asks an expanding question and challenges Lilly’s (three years) ability to
make a diﬀerence between a high and a low sound. Lilly answers by showing her experience of what making high and low sounds with this instrument may be.
To ask and conﬁrm
This subcategory is characterised by questions where the answers are conﬁrmed, like
when a teacher wants the children to name a thing. These questions can start with
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‘What is this … ?’ or ‘What do we call this … ?’ They can be formulated as brief questions
or as responses that conﬁrm the answer sometimes predetermined, but without adding a
new direction or focus for attention.
Lilly: (Her face brightens when she hears a sound from the video) Again!
Teacher: Yes! What was it then?
Lilly: High.
Teacher: It was high, yes.

When Lilly seems to recognise something she saw and heard on the video, the teacher
asks a question on what it was and shortly conﬁrms Lilly’s even shorter answer. This
conﬁrmation is also related to their former communication concerning discerning
sounds as the object of learning.
To explain
The Explain category involves statements that have the purpose to explain something in
connection to the object of learning in focus, and the intended theoretical explanatory
model. Perhaps something has happened in the teaching situation that some of the participants feel the need to explain. One example is the boy Erland who in an experiment
with air resistance tries to explain why a white golf boll reaches the ﬂoor faster than a
yellow Ping-Pong ball: ‘This one (the white) was heavier and that one (the yellow)
only had air’ (Erland). Another example is when a boy, Mario, explains how the propeller
on a windmill makes a lamp shine: (He points at the windmill while he explains) ‘That, if
it spins on that stick, then it glows there’. In preschool II, Nero observes bubbles in
boiling water and reﬂects on how the water will reach the ceiling. The teacher challenges
him with a question, leading to an explanation from Nero of where the water may have
gone:
Teacher: Do you see any water up in the ceiling?
Nero: (looks up) No. (quiet for a moment) It has disappeared. It must have gone into those
black ones (points to the joints in the ceiling).

Teachers’ or children’s statements in this category involve an explanation that
includes both cause and eﬀect. This way of communication is used in situations where
something that has to do with the object of learning needs to be explained in a new way.
To describe
The statements in this category with three subcategories named To describe and expand,
To describe and conﬁrm and To describe and negate, have in common that all are descriptions of relevance for the teaching and the object of learning. The teacher or the children
talk of something related to the learning situation, such as what they do and/or
experience.
To describe and expand
Statements in this subcategory can be formulated as a description that causes an expansion of the ongoing conversation, and most of the statements in category Describe can be
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found in this subcategory. Signiﬁcant is that all statements open up for development of
the communication in a new direction. One example is when a child describes the diﬀerences between two balls used in the experiment about air resistance: ‘This one is hard and
this one a little hard. This one is made of stone and this one is almost plastic’. The child’s
description opens up a discussion about the nature of the materials used.
In preschool IV, the youngest children and their teacher experience balance by
walking on a path of blocks. At the beginning of the path, the blocks are wider and in
the end of the path, the blocks are narrower. This is pointed out by the teacher who
puts words to what one of the young children had the possibility to experience when
standing on the path:
Teacher: Now I am standing here on the wider balance path, and you are standing on the
narrower.

By describing the situation, the teacher expands the children’s possibility to understand and discern what they are experiencing, i.e. by describing the path as wider or
narrower.
To describe and conﬁrm
In common for the statements belonging to this subcategory is that they conﬁrm what
someone already has said and could include a nod, agreement or just a repetition of a
previous statement. For example, Cary talks in this example about a battery and says
‘Electricity’ when the teacher conﬁrms this by saying ‘There is electricity … ’ It can
also be that someone has suggested something and another person, child or teacher,
agrees and says ‘Yes’.
Next excerpt with dialogue takes place between a teacher and three children: Sanni, Najal
and Lilly, one-three years old.
Teacher: Shall we see, can we play loud with this spoon and plate? (Takes the spoon and the
plate and strikes intensively with the spoon on the plate)
Lilly: Yes, yes you can.
Teacher: Yes, you can yes. Shall we also make a low and see if it works?
Lilly: You can.
Teacher: Yes (whispers to Najal). Yes, you can make a low sound with that too, yes. You can,
right Sanni?

The teacher asks if they (cf. the teacher) can play loud with the spoon and plate and try
to do so. Both Lilly and the teacher then conﬁrm that it is possible. Next suggestion is to
try and play low, which Lilly immediately conﬁrms by saying ‘You can’. The answer from
the teacher conﬁrms and she tries to involve Najal by whispering ‘Yes’ in his ear and then
saying to all three that ‘you can make a low sound with that too, yes’. Sanni is following
the dialogue and the teacher addresses her by once again conﬁrming that it was possible
to play a low sound. She then wants Sanni’s approval of that it is possible to make a low
sound with the spoon and plate.
To describe and negate
This subcategory holds the least number of describing statements. In the frame of this
subcategory, a child or a teacher listen to what is said but does not agree so the statement
contradicts a description in an earlier statement. As an example, the teacher asks: ‘Is it
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enough with a cord?’ One child says: ‘Yes’` but then another child, Mario, says: ‘No, and
(pointing at the windmill) two cords, one red’. Mario does not agree and makes a protest,
at the same time expressing what he thinks is right.
In preschool II, the teacher and children look at their timelapse movie of evaporation
when the teacher wonders if the speed of the ﬁlm was right:
Teacher: Did you have time to see?
Children: Yes.
Nero: It is not fast.
Teacher: Yes, it was fast (she misses out on the word ‘not’).
Nero: It is not fast (shakes his head).

Nero’s protest is an example of Describe-negate where Nero tries to hold on to his
opinion even though the teacher expresses another standpoint. To negate, Nero
repeats his statement once again and shakes his head.

To show
A fourth category involves all statements that alone consist of, or are accompanied by,
someone’s gestures, e.g. someone pointing with his/her hand at a thing in focus. Both
teachers and children can use this kind of expression. A child or a teacher can point
and talk at the same time. Iris does this when she is asked to explain how to connect a
cable between a small generator and a lamp: ‘First we must lay this here (points at the
cable)’.
Another way to show by combining gestures with verbal speech is when the teacher in
preschool V encourages Najal (two years) to make a low sound on the drum. The teacher:
‘Can you make it low? (She claps her hands gently). Can you make it low? (Whispers)’.
Najal beats the drum gently a few times. By using her hands, the teacher underlines what
is said verbally. Najal responds to this by lowering the sound when beating the drum.
Next example is taken from the teaching setting that concerned the wind turbine. In
the following excerpt, the teacher discusses the function of the cables to light the lamp on
the miniature wind turbine shine.
Teacher: (Holds the miniature wind turbines in front of girl Anja who observes it) What was
it about those cables that are visible there (pointing at the cables), what are you using them
for?
Anja: When it comes up and then down, it helps so that the lamp shines a little
Teacher: It shone a little, but what did you say happened here then (pointing to the propeller)?
Anja: When it spins like this (starts the propeller with her ﬁnger).
Teacher: Why does it spin then?
Anja: Because I’m poking at it.
Teacher: Yes, but if it’s out there, you cannot poke it
Anja: No
Teacher: No

In this example both the teacher and the child combine gestures with verbal speech.
While the teacher initially speaks and asks a question, the wind turbine is held in
front of the child and the teacher chooses to also point out the cables the question is
about. It is as if the teacher wants to reinforce what is said with the support of gestures

Table 2. Total number of categorised statements for (T)eacher and (C)hildren in percent in each setting and (P)reschool.
Introduction

Collaborative creative production

Retell

P II
(%)

P III
(%)

P IV
(%)

PV
(%)

PI
(%)

P II
(%)

P III
(%)

P IV
(%)

PV
(%)

PI
(%)

P II
(%)

P III
(%)

P IV
(%)

PV
(%)

PI
(%)

P II
(%)

P III
(%)

P IV
(%)

PV
(%)

56
18
38
5
2
3
35
31
4
5
2
3

51
19
32
1
0,3
1
32
28
4
16
7
9

48
19
28
11
6
5
24
20
4
18
8
10

48
46
3
6
6
0
20
20
0
20
15
5

34
21
13
0
0
0
30
30
0
35
10
25

54
17
38
12
3
9
40
38
2
4
1
3

60
25
35
4
2
2
32
30
2
5
1
4

-

41
41
0
0
0
0
24
24
0
35
6
29

40
18
22
0
0
0
34
34
0
26
15
11

64
22
41
3
2
1
33
27
6
1
0
1

60
34
26
0
0
0
30
27
3
10
7
3

44
18
26
13
6
7
31
23
8
15
5
4

59
40
19
0
0
0
25
25
0
16
11
5

48
29
19
0
0
0
25
25
0
28
13
15

38
13
26
13
0
13
38
36
3
10
0
10

60
29
31
0
0
0
29
29
0
6
0
6

44
19
25
14
11
4
23
14
9
19
7
12

55
37
18
0
0
0
28
28
0
19
11
8

49
24
25
0
0
0
30
25
5
20
7
13
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Describe
T
C
Explain
T
C
Ask
T
C
Show
T
C

Discussion of recording

PI
(%)

11

12
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– like ‘this is what we are talking about’. In the third statement, the teacher directs Anja’s
attention to the function of the propeller also by using verbal language and simultaneous
gestures. When the teacher asks what has happened in the propeller, Anja answers by
simultaneously putting words to her acting and speeding up the propeller with her
hand, to show what she means. An assumption can be made that the action aims to
scaﬀold the verbal expression.

Patterns of communication
The data analysis shows a complex process of communication between teachers and children where the diﬀerent categories named To Ask, To Explain, To Describe and To Show
contribute to indicate patterns. The result shows that both teachers and children are
active in the communication about the object of learning during each teaching session,
but the use of diﬀerent acts diﬀers between them. In the following, we are going to
point out some patterns that have been made visible by the analysis that focuses frequency of statements.
Descriptions dominate the communication
The category To Describe includes the largest number of statements, rather evenly dispersed between teachers and children and regardless of children’s age (see Table 2).
There is one exception and that is one of the groups with the youngest (preschool IV).
During sessions one and two in this group, it is almost exclusively the teacher that communicates in this way. Interesting is also that the acts belonging to the subcategory To
describe and expand are contributing to the reasoning being extended in the direction
towards the object of learning. Both teachers and children are contributors.
Explanations occur sparsely
By comparison, the category To Explain comprises the least number of statements from
both teachers and children. Two groups (preschool I and preschool III) stand out in that
most of the explanations in the data material are found in these groups. The frequency of
explanations is nearly evenly dispersed between teachers and children during the
diﬀerent teaching settings, but they diﬀer in that in preschool III (wind force as object
of learning) the teacher is the source of the explanations, while in preschool I (air resistance as object of learning) it is the children that foremost use explanations. Worth noting
is also that among the youngest children in preschools IV and V, there are no explanations identiﬁed at all, neither from teachers nor children.
The teacher posing questions
Generally, in all teaching situations, it is the teacher that asks most of the questions. It is
only in rare cases that children’s issues emerge in the diﬀerent teaching situations, no
matter object of learning, which teacher or age of the children. Among the youngest children, there are no questions at all from the children during the diﬀerent activities except
for setting 4 in group V, where children ask a few questions.
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Teachers and children as visualisers
The use of visualisations in the form of showing by non-verbal expressions occurs in all
groups but diﬀers in frequency between groups. The group that uses the least number of
showings is group I (air resistance as object of learning), noteworthy is that these children
instead use most explanations in all settings. It is not entirely unexpected that it is among
the youngest children that non-verbal expressions are most common. Evident is also that
the youngest children over time became even more active in using this way of communication than the teachers.

Concluding remarks and discussion
In science, real-world phenomena are often described through theories and theoretical
models. In this study, we have investigated how teachers’ and children’s ways of communicating in teaching situations related to a physics object of learning can be described.
The participating teachers have used a teaching model which focuses on observations
of a real phenomenon together with communication based on a theoretical explanatory
model (Fridberg et al. 2020). The results show a complex pattern of communication that
seems to be associated with the respective teacher, rather than a speciﬁc teaching situation. Overall, communication could be identiﬁed as an ongoing pursuit of understanding – a joint meaning-making process. The characteristic of each statements seems to
contribute to keep the discussion alive and the object of learning in focus. The analysed
teaching involves both moments of content learning as well as investigations, like Eshach
(2006) advocates. Through the diﬀerent steps, sometimes the science content and sometimes the inquiry process forms the foreground in the conversations that take place. The
results show how these two domains are involved as an ongoing content for teaching.
Using questions, descriptions, explanations and gestures the object of learning and the
investigative approach is kept in focus.
One interesting observation is that the communication between teachers and children
contains few explanations. The reasons for this would be of interest to delve into in detail,
but that goes beyond the scope of this study. However, one interpretation may be that
preschool teachers do not feel comfortable in teaching science (Swedish School Inspectorate 2018), which also has been pointed out in earlier research (Larsson 2013; Thulin
and Andreas 2017). Another interpretation can be related to teachers’ educational awareness and ways of teaching. Moreover, it can be an active choice among teachers not to
explain how things can be understood. Many preschool teachers are fostered into an
idea that children shall reﬂect by themselves, and that no answers, narratives, or information should be given (see e.g. Fleer 2009). This approach can be referred to as ‘discovery learning’ (Siraj-Blatchford 2001). The risk with this approach is that children’s
learning is taken for granted by the teachers. Research also shows that children in
those situations in fact can be left alone in their attempt to seek meaning (Thulin 2011).
From earlier research, we know that children’s learning depends on the communication established in the teaching situation (Samuelsson and Carlsson 2008). Results
from this study show that the communication used keeps the object of learning in
focus. Both teachers and children are contributors and act as agents of communication.
One important aspect of children’s learning is however to, as a teacher, take children’s
perspective into account (Samuelsson and Carlsson 2008). In connection to this, it is
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worth noting the category To Ask from the result in this study. It is the teachers that ask
most of the questions while very few questions come from the children. Why this is, is
hard to say but, as discussed above, one reason may be found in teacher’s pedagogical
approach and a conscious choice in line with the idea that children should think, try
and draw their own conclusion. In opposite, we know from research that paying attention to children’s questions can be one way to observe what children direct their attention
towards (Dewey 1916/2002; Thulin 2011; Jonsson and Thulin 2019). The children in this
study did not ask many questions and based on this, an assumption can be that the teachers had limited opportunities to share children’s perspectives. To be able to create possibilities for children’s learning teachers need to, at the same time, keep two perspectives
in mind, both the child’s perspective – what the child expresses in a speciﬁc situation –
and the object of learning in focus (cf. where are we and where are we going). We refer to
this as a mutual simultaneity in the communication (Thulin 2011; Fridberg et al. 2019).
The teacher must create links between the child’s perspective and the object of learning in
focus. Asking too many questions, as a teacher, can have a limiting eﬀect on children’s
own initiatives. Finally, we claim that meta-reﬂection can work as a linking kit
between the acts of communication, as has been visible through the analysis and keep
the diﬀerent teaching settings together as a hole (Samuelsson and Carlsson 2008).
Initially, we mentioned that the ﬁve-step teaching model, during the diﬀerent settings,
was scaﬀolded by digital tools to a varying degree. When the data material was analysed
with focus on if any change in the communication pattern related to this could be
observed, the short answer is no. No changes in communication can be attributed to
the use of digital tools. Worth pointing out is that this conclusion is based on the frequency of ways of communication. Perhaps another conclusion, in line with an earlier
study (Fridberg et al. 2019), can be drawn if the characteristics of the communication
and what it leads to in the meaning-making process would be analysed. This will be
the focus in an upcoming study. The data material in this study can be seen as limited
in that way that it is ﬁve child groups, ﬁve preschool teachers and four teaching steps.
We mean that even so, the results show a picture of how science – physics – can be
realised in Early Childhood Education and how the established communication can be
analysed. The results indicate possible critical aspects to be aware of.
Implications and further research
On basis of the results from this study, we highlight the importance of the communication teachers establish related to children’s perspective and to the object of learning
in diﬀerent levels. This includes implication for practice. Teachers would beneﬁt from
taking an active part in the dialogues not at the expense of children’s perspectives but
paying regard to them (Thulin and Jonsson 2014). Teaching chemistry and physics in
preschool is a rather unexplored area. This put demands on both pedagogical content
knowledge and updated skills about children’s learning (Thulin and Andreas 2017; Fridberg et al. 2020). Use of a teaching model, like the one we have presented here, can constitute a useful approach and scaﬀold children’s learning of science. In the present
research, the focus was on communication and an interesting follow-up research
would be to closer analyse what the diﬀerent acts of communication lead to in the
meaning-making processes.
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