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1. Introduction
“Once you have crossed the border between reality and imagination there is no reason to
stop” (Danielsson, 2020, p. 122-123, my translation). The development of technology has
influenced, enhanced, and changed the way we do things for a long time now. XR
technology, the umbrella term for enhancing our reality with computer generated graphics
and audio, has recently become incrementally more present in our lives. Even tough
digital technology is a powerful tool there are certain aspects that it cannot yet achieve.
The visual illusions, this technology is able to create are becoming more convincing, but
the physicality, the materiality in common things is still not typically influenced. The
sense of touch is very important for us humans. Although technology offers a variety of
possibilities, the sensation of touch is often lost while attempting to convert the physical
world into a digital version.
This thesis is set out to inspire people working and studying within two spheres, the digital
and the non-digital, by trying to find a balance between the best of two realities, the
physical and the digital. As its main focal point this study is to create something new that
should let the players of the AR Board game experience something old and traditional in
a completely new and innovative way. More precisely how AR can change a typical board
game component such as the dice. To see in what way this new concept can be realized,
this thesis is following the structure of concept driven design and has set its focus on
exploring design by evolving traditional game components with augmented reality
technology. The following quote inspires to work with a concept driven design form.
The integration and tension between the traditional and futuristic
aspects may be one of the hardest challenges for any concept design.
(Stolterman & Wiberg, 2010, p.105)
Since the evolution and combination of board games XR technology started only a few
years ago, this is a now a new form of activity that is being developed. We are
experiencing a “renaissance” in the context of board games (Booth, 2015, p.1). Booth
(2015) continues by stating that board games are commonly associated with “family game
nights”, “rainy days”, or “lazy Sunday afternoons” so there is something heartwarming
about this activity. In this time, game developers are implementing digital and technology
1

into the context of board games. Already twenty years ago, Björk, Falk, Hansson and
Ljungstrand (2001) stated that thanks to computers and interactive technologies, new
forms of games can be made. This was way before the smartphone was invented and
arguably this statement is still most relevant. Board games are just one other activity in
the line of getting adapted and enhanced with technology. Looking at the past twenty
years, it is clear that technology has experienced an intense evolution. AR and VR games
and VR versions of games are created. The game Superhot was one breaking new game
in 2016 where a VR- and a “normal” version was made. Superhot is a first-person shooter
video game which acts as an excellent base for a VR game (Sweetser, Rogalewicz & Li,
2019). Even if this proofs that the same game can be made for different platforms, it
shows that studios are developing new experiences for new mediums.
One of these game developers are Lazer Wolf Studios from the north of Sweden, who
are currently finishing up on their product “thrymd” which is a new form of augmented
reality games. The experiment that this thesis surrounds and the result itself, is based on
the feedback from one expert group, (professionals working at Lazer Wolf Studios),
previous literature of research and commercial products. During this project not only the
theory of concept driven design by Stolterman and Wiberg (2010) will be of importance.
Sweetser and Wythe (2005) presents the theory called GameFlow, and Norman’s (2004)
three levels of emotional design, are of importance for this thesis.

1.1 Background
Archaeologists have found ancient board games that are estimated to be around 5500
years old (Rizov, Djokic and Tasevski, 2019). This ancient form of spending time
together, for enjoyment and pleasure has developed over millennia, yet the ancient
versions seem very familiar, and most items and components used in the ancient games
still exist. During the Viking age, Scandinavians purposely placed gaming kits in graves
and burial sites with the purpose to remember or commemorate that status and skill and
to make the game available for the deceased in the afterlife (Hall, 2016, p. 440). Another
popular example is found in Chess. According to Cincotti, Iida and Yoshimura (2007)
“modern chess” as we now and play today was created in the 4th century A.D. In contrast
to board games, XR Technology such as VR and AR are way younger and started to
develop in the late 60’s. The first AR technology was made by Ivan Sutherland called
“The Sword of Damocles” (Wiederhold, 2019). The terminology: augmented reality and
2

virtual reality, came in the 90’s. For the past decade XR experienced phenomenal growth,
which lead to a significant amount of research and studies. At first glance XR technology
is strongly connected to video games. Even if there are several VR- and AR-games on
the market, more and more are being developed every single day. XR is however not only
found in the gaming industry. This form of technology has also helped us humans
improve a lot in other fields, such as science (psychology and neuroscience, scientific
visualization, architectural visualization, and surgical training) (Slater & Sanchez-Vives,
2016). Grant and Mairn (2020) lists 19 different universities that have implemented this
technology, in the studies of everything between archaeology to dance. We can use this
technology in different ways, either by showing the user how something is (human
anatomy or the nervous system) or how something could be, looking into technology that
can be used to tackle experimental areas that cannot be studied experimentally in real life
(Slater & Sanchez-Vives, 2016). Griswold (2021) confirms that medical students at Case
Western Reserve University are integrated AR technology in their studies which caused
drastic changes in the way they learn about anatomy. Looking at all of these new
installations and development, it gets clear that enhancing our reality is not just something
found in a sci-fi movie but that it is getting more implemented in people’s everyday lives.
With the evolution of technology and new products, such as smartphones, this form of
technology is becoming more and more popular, common and hence easier to access. An
estimation of the global AR market states that it has reached a value of 108 billion USD
for 2021 and the amount of traffic (Internet data) is estimated to sevenfold between 2016
and 2021 (Morvan, Hintermann & Ovanessoff, 2020). By combining computer generated
elements with objects of our reality, new scenarios and experiences can be created (Qiao,
Ren, Dustdar, Liu, Ma, & Chen, 2019). Milgram, Takemura, Utsumi and Kishino
presented the “Reality – Virtuality Continuum” in 1995, which is a model that covers the
spectrum of what is now considered XR.

Figure 1: “Reality – Virtuality Continuum” Milgram et al., (1995)

The gap between past and present research in the field of AR and VR regards the aspect
of realism and how well the technological aspects could resemble items from our reality.
3

The future of research within these fields is now surrounding the key aspect: interaction.
Cipresso, Giglioli, Raya and Riva (2018, p.15).

1.2 Purpose
The purpose of this thesis and its design project is to bring new information to the research
of AR, through design. By doing this study is aimed to analyze in what ways AR
technology can enhance a classical nondigital tangible artifact, such as the dice, and by
doing so to determine the gameplay specific qualities this new artifact can give when
implemented in the decided context. To achieve this, by using a concept-driven design
approach combined with other theories, a physical prototype and a digital application
acting as a medium was created. This thesis is focused on three different subjects; Board
games, tangibility and AR, especially on how they are connected and what the dice with
AR technology can bring to the context of AR-games.

1.3 The Design research question
To support this thesis and the purpose of it, and the purpose of it and additionally act as
a focal point in making this study, the following question has been formed.


In what way can dice be used with Augmented Reality and what gameplay
specific qualities can this artifact bring to new and existing games?

1.4 Delimitations
This thesis has been limited to the following factors. Firstly, the choice of software
technology used in this thesis is limited. This is because of the cooperative work between
the author and the AR game studio, Lazer Wolf Studios “an innovative game developer
combining the physical and digital world into an immersive AR Tabletop Gaming
experience accessible to everyone” (Lazer Wolf Studios, 2021). The software they use
will be used in this study. Lazer Wolf Studios are currently using the software
development kit (SDK) Vuforia and the game engine Unity. There are several other
software development kits that have different qualities, benefits, and possibilities but they
will not be covered in this thesis. The chosen platform for the digital parts of this project
is Android based handheld artifacts (tablet and smartphone). This, since this was the only
technology available for the me.
4

Rogerson, Gibbs and Smith (2016) present four domains of materiality found in board
games. The first domain “The gameboard and other game pieces” is the domain the study
is going to focus on, since it covers the physical components commonly found in board
games, including the dice and board. There are other parts that are of interest, for example,
the social interactions between players, the difference between online and offline AR
games. These topics will be covered; however, they are not the main focus for this study.
A complete AR board game with other enhancements such as sound, animations and
other visual effects will arguably change the overall user experience of a game that
contains the designed artifact in this study. But this will not be the main goal of the thesis.
The goal is to find out if it is possible to enhance a dice and to find out what value this
new artifact / game component can provide, and potential errors that might come with it.
This study does not focus on the actual usage of the prototype. Since the scale of this
project can be seen as small, the project is limited to function and value and not how
potential users are feeling when using the prototype.
This thesis is not set out to study the usage of this artifact, rather the potential it has and
what it can add to this form of activity. The reason why user experience (UX) is one of
the focus points in this study is simply to see what the new design can provide for potential
users in the future.

1.5 Definition of key concepts
Extended Reality, ‘XR’: The umbrella category that covers all the various forms of
computer-altered reality, including, Virtual reality (VR), Augmented reality (AR) and
Mixed reality (MR) (Irvine, 2017). XR blurs the line between the real world and simulated
worlds. (Morvan, Hintermann & Ovanessoff, 2020).
Board game: A non-digital game that requires a board that is texturized with some form
of pattern. Some of the most famous board games are: Monopoly, Chess, and Risk. A
game is a system in which players engage in an artificial conflict, defined by rules, that
results in a quantifiable outcome (Salen & Zimmerman, 2003, p. 80).
Dice: A tangible component commonly used in board games. “The dice are pervasive in
tabletop and board game genres; they are an essential computational tool ubiquitous in
games involving chance or luck” (Carter, Harrop & Gibbs, 2014, p. 2). Dice come in
various sizes and geometrical shapes. Most common is the ‘D6’ (The “D” stands for dice
5

and the “6” stands for the number of sides the dice has) a six-sided version with the
geometric shape of a cube.
User experience ‘UX’: is ultimately about creating interactive experiences for people.
The experience that the designed artifact gives its user is in focus when applying UX in
design (Benyon, 2019). It is heavily related to the theory made by Norman, that will be
presented in chapter 2.
Concept-driven design: A concept-driven approach to design manifests theoretical
concepts in concrete designs. A good concept design is also both conceptually and
historically grounded, bearing signs of the intended theoretical considerations. This
approach to design can coexist and be integrated with common user-centered approaches
to interaction design through the development of a model that explicitly makes the
existing cycle prototyping, theory development, and user studies (Stolterman & Wiberg,
2010).
XR/AR board games – Enhanced tabletop games: When digital content of any kind is
applied to a nondigital product, artifact, or situation. There is not yet a definition of what
this product or context is called, since it is not yet a commercial product accessible for
the public.
Gameplay specific qualities: Games rely on rules and mechanics, which define the
quality of the gameplay and the player’s overall experience imperatively. This definition
is in this context strictly connected to the GameFlow theory made by Sweetser and Wyeth
(2005), which will be presented in part 2.4 of this thesis.
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1.6 Structure of the Thesis
Chapter 1

This chapter introduces the reader to the topic and provides the background
and context behind the main topics that the thesis will cover. This chapter
also includes a description of the purpose, design research question and
problematization.

Chapter 2

The second chapter will provide valuable information from previous work,
studies, and commercial products. Also, relevant theories, frameworks and
guidelines for design and designing, the set context of the artifact will also
be presented in this part.

Chapter 3

The methodological aspects and empirical methods used in this thesis will
be presented and explained in this chapter. Including the rationale for
methodological approach, the specific usage of the methods and how ethical
aspects regarding the usage of the methods will be taken into consideration.

Chapter 4

I have devoted this chapter to the design of the thesis. The sketching,
prototyping and the overall design process of the artifact the study
surrounds is presented. Aspects, limitations, descriptions, and a critical
evaluation of the artifact is also stated in this part.

Chapter 5

This chapter reveals the result from the study and the design process,
including an analysis of the game play specific qualities the AR dice can
provide and potential new information regarding this new form of activity.
This chapter is based on the previous chapters and specifically the theories
presented in chapter 2 and the design from chapter 4.

Chapter 6

The last chapter of this thesis will cover deep reflections regarding the
outcome of the research. The result will be compared and argued against
the theories presented in chapter 2. The design research question will be
answered, and finally the theoretical and practical findings of this study will
be stated. Concluding this chapter is aspects and suggestions that could be
taken further if future research, regarding the topic and design. Lastly, my
conclusion of this thesis will be presented.
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2. Literature review
To understand the final design prototype, the problematization of the context and more,
there is a necessity to explain and analyze previous work, both results in scientific
research or studies as well as already developed and upcoming commercial products. This
information will help to create understanding towards artifacts and products that can be
designed, created, and possibly released in the future. Board games as an complete
activity and the dice as game component are of much relevance for this study, and
previous literature and facts regarding these two components will be presented. Following
the physical components, XR and how this form of technology works, will be another
topic this chapter covers. To be able to understand the way technology of this caliber can
change a nondigital tangible object such as the dice and to possibly determine what
gameplay specific qualities this new artifact has, it is necessary to analyze what is already
known, that is why this chapter is important.
Finally, two theories will be explained, first GameFlow by Sweetser and Wyeth (2005)
and the second theory: Three levels of emotional design, by Norman (2004). These
theories and previous work (research, studies, and commercial products) were useful in
the creation of the design and provide information and guidelines for the methodological
approach, covered in chapter 3.

2.1 Board games
There are several different types and genres of board games. Playing these kinds of games
counts as an activity that is made to be enjoyed by the players with one or more obvious
goals set by the rules (Salen & Zimmerman, 2003). Goals allow people to concentrate
attention on the task at hand, whilst forgetting other things temporarily (Csikszentmihalyi,
1990). A board game is also considered as an activity where people meet and immerse
themselves in a setting, controlled by rules and expressed with tangible game pieces.
Games can be competition- or cooperative based activities, where different forms of
interaction take place (Jarrassé, Charalambous & Burdet, 2012). Heron, Belford, Reid
and Crabb (2018) states that there is a considerable amount of variation in game systems.
Continuing games may be real-time or turn based, or based on simultaneous actions,
competitive or cooperative, or even a mix of them. Board games can also mediate
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connectedness between players and enables situations where rich social experiences can
be felt (Maurer & Fuchsberger, 2019).
Xu, Barba, Radu, Gandy and MacIntyre (2011) states that understanding the way players
interact with each other will bring clarity of social actions in magnified detail. Xu et al.,
(2011) continues by listing: discussing strategies, negotiating outcomes, making jokes of
the gameplay as some examples of social interaction while playing games. Immersion
and stimulation of the intellect is another part that a board game can bring to the table
(Woods, 2012). Heron et al., (2018) continues and states that some people play these
types of games to enjoy the thrill from winning, completing a puzzle or maybe even
deceiving and fooling their friends (p. 104). Playing board games is a very popular
activity, gained from a product most people have at home. Consequentially there is a large
variety of different types on the market. Another factor of the social interactions in board
games is cooperation. To be able to cooperate with other players is necessary for the
activity, it occurs both in cooperative games and competitive games. Because talking and
figuring out things while playing is a cooperative task, even if it is not the main goal of
competition-based games (Rogerson, Gibbs & Smith, 2018). It is necessary to enable the
artificial conflicts within the game which can be in many different forms.
The people taking part of a game can take on different roles depending on the rules or the
genre of the game. The general role of “player” exists arguably in every single game.
“Dungeon Master” or “DM” from the game Dungeons and Dragons is another example
of a special role found in games. Where one player becomes more of a storyteller (Garcia,
2017) and recently in the digital party game Quiplash made by Jackbox games the role of
Audience member has emerged. Stated in the rulebook of the game three to eight
individuals can take the roles of player and in addition an audience of up to 10.000 people
can join the game and they also vote on their favorite answer. If there are too many people
for the game, then players can take the role of audience member and still be a part of the
game. “The game Quiplash surrounds the creation of fun situations and to determine what
situation that is the most fun or clever”. (Jackboxgames, 2021). These are some roles
found in games and these roles are essential contributing factors defined as social
interaction and is one central part of the activity and the experience that follows.
Rogerson, Gibbs, and Smith (2018) mean that playing board games is “a form of
cooperative work that is situated, embodied, distributed, and articulated” (p. 10). A game
9

encompasses complex relationships between the players and the material game
components. The social relations between the players are as stated above the number one
reason why people play board games. However, the players need something to play with
and that is the physical game components.
2.1.1 Importance of the physical game components
The physical parts of any kind of board game serves an important role for the game and
the experience that it brings (Woods, 2012). Woods (2012) continues to state that the
proportion of respondents in his study states that ‘social interaction afforded by face-toface gaming’ is more important than any other in-game element. But there is more than
just the social interaction that a game brings to the table. The intellectual stimulus that
the game provides is another part that respondents enjoy. Including physical game
components, and the feel of them (game tokens/pieces, dice, cards, board, etc.) it is
apparent that they make for another contributing factor, of why people enjoy this type of
activity, even though on their own these components are not enough to make a game
enjoyable. “The handling of physical objects can give the player a feeling of ownership
over what happens in the game, for example the result of a dice roll” (Kankainen &
Paavilainen, 2019, p. 14). If the game allows the player to fiddle with these pieces, it can
result in a more engaged player the physical components also offer aesthetic pleasure to
the players and increases the level of immersion and meaning (ibid.).
2.1.2 The dice
The dice is an old artifact and has been used in board games for a very long time. The
physicality of the dice has a positive effect on the players’ experience and is a game
component that increases the level of enjoyment of the game (Carter, Harrop, & Gibbs,
2014). De Boer and Lamers (2004) present information in a study where the respondents
stated that the feel of the board and the other components gave the users a feeling of
nostalgia. The dice can be made from different materials, most common are plastic and
wood. However, early dice were made of organic materials (bone, antler, and ivory) also,
dice made of clay, metal, glass, and stone have been found (Eerkens & De Voogt, 2017).
The dice are most commonly of a geometric shape, the cubic dice with six sides are
arguably the most common version of this component. This dice is known as the D6
where the ‘D’ stands for “dice” and the ‘6’ tells us how many sides the dice have. Heron,
10

Belford, Reid and Crabb (2018), present the “nonstandard dice” as another version. These
dice have more or less than six sides and the information on the dice sides does not have
to be numbers. Standard dice have indicators or numbers placed on all its different sides.
The value the player gets is determined by the side of the dice that is facing up.
Nonstandard dice have instead of numbers or pips different symbols. One example of
dice with symbols is used in the game Quorriors! designed by Elliot and Lang (2013)
Where 130 dice are being used throughout the game made for two to four players.

Figure 2: Quarry dice from the game Quorriors! (Elliot & Lang, 2013)

Depending on the game, numerical values may not be necessary to add to the dice and
symbols are in these cases more suitable. Other common versions are the D4, D8, D10,
D12 and D20. They are all classified as dice, but they do not necessarily need to be of
cubic shape, another name for these shapes is so called polyhedrons.

Figure 3: D4, D6, D8, D10, D12 & D20 (Picture by author, 2021)

Since the dice is of a geometric shape, each side on this three-dimensional object is
suitable for displaying information or a specific outcome. Usually, the side that lands
facing up after a dice roll is the amount or number that the player will get. The dice that
do not have numerical symbols as indicators have the so-called pips (Eerkens & De
Voogt, 2017). On these types of dice the pips are represented by small dots, while each
dots value is (1).
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Figure 4: Classic dice with pips (Picture by author, 2021)

Since they are rolled or tossed to determine a value, the dice is strongly connected to
chance, or luck which are two important elements in the entertainment industry. The rules
of games are often determined by chance and since chance can determine factors
throughout the activity the rules of the activity can be kept simple (Sasaki, Hirata, Morino
& Minakuchi, 2016).)
“The enjoyment of chance is in other words based on the area beyond human
intelligence” (ibid, p. 1-2). These two variables can change the result of a game
drastically, which also means that if most of the game is decided by the roll of a dice,
consequentially the need for human intelligence is undoubtedly not very. One expert
player can be defeated by a beginner simply with a little bit of luck (Sasaki et al., 2016).
The chance of getting a specific number varies, depending on the number of faces the
dice has. The odds of receiving a “6” when rolling the D6 is 1/6. One game that has
worked around this “issue” is the game Dice Forge designed by Bonnessée (2017) where
the player can exchange the symbols on their dice to alter these odds. This is one of the
main game mechanics of this game. If some dice have more than one side with the same
symbol, there is a greater chance of receiving that symbol. In the following figure, the
“Bright Die” has five yellow symbols and one orange. The chance of rolling a yellow
symbol is therefore 5/6 compared to the orange 1/6.

Figure 5: Dice from the game DiceForge (Libellud, 2019)
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Dice can be seen as a tangible artifact that determines an outcome, and this component
can be shaped and formed depending on the rules of the game.

2.2 XR – Extended Reality
Extended reality is a powerful form of technology, made to combine the real and the
virtual. Recent designers and developers are currently working to create new experiences
and solving existing problems by adding technology. But there are some indirect
consequences caused by the usage of these technologies. There are many aspects that
needs to be taken into consideration when designing with XR. De Guzman, Thilakarathna
and Swneviratne (2020) lists three elements that are critical while developing these kinds
of technology: integrity, non-repudiation, and availability. Morvan, Hintermann and
Ovanessoff (2020) are also listing several aspects that should be taken into consideration
while developing these experiences. Managing personal data, fake experiences,
cybersecurity, tech addiction, antisocial behavior and widening social divisions concludes
this list of problems.
Some other concerns while using VR technology are that the users can feel the sensation
of motion sickness or anxiety when experiencing them. This is also known as VR sickness
(Chang, Kim & Yoo, 2020) There are multiple factors to this discomfort, but three distinct
factors are found. These are: the quality of the hardware, the content of the software and
human factors (ibid.). These negative effects have become less frequent (depending on
the product and person) but if this is avoided then XR can act as a great option for adding
value to people in different contexts. It could be demonstrated that VR and AR have the
potential to improve users’ performance including the enhancement of eye-hand
coordination. This benefits the user to do a task faster, more accurately and reduces
cognitive load resulting in better human performance due to VR/AR based immersive
experience developed (Yin, Chng, Wong, Ho, Chua & Chui, 2020).
Deriving from the general view of XR and the aspects found, AR is the technology that
will be of most importance throughout this project. The AR system consists of three
simple steps: Recognition, tracking and mix (Amin & Govilkar, 2015). Marker based AR
(AR MB) uses physical-world symbols as a reference point for the system to project the
added element. Depending on where the marker is located, the computer-generated
graphics will appear. The marker’s appearance matters, and the lighting of the
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environment is also another factor that affects the overall experience and quality. These
markers can be very complex, looking like QR codes, yet they can be simple. Vuforia is
an augmented reality software development kit (SDK), and the developers of this SDK
provide information and guidance on how to use their software. “This platform uses
superior, stable, and efficient computer vision-based image recognition technique and
provides several features, enabling capability of mobile apps and frees developers from
technical limitation” (Amin & Govilkar, 2015, p. 16). To read more about Vuforia and
how it interacts with the game engine Unity, please read appendix A, found at the end of
this thesis.
2.2.1 How does Augmented Reality work?
Qiao et al., (2019) means that the way AR works for the user is relatively automatic. Even
if AR MB is one version of this technology there is also Marker-less based AR (AR ML),
but this form requires another form of technology. Instead, the implementation of the
tracking system relies on natural features compared to specially designed graphic patterns
(Brito & Stoyanova, 2018). In this form the artifact needs to be equipped with an
accelerometer, compass, or location data (GPS), these three components analyze the
environment and then can provide with the virtual elements (Amin & Govilkar, 2015).
However, AR of any form is conveniently made to experience and being used with
smartphones since on these platforms the components are already built in. The camera of
a smartphone can capture the environment, then apply the graphics effortlessly. There are
other artifacts that can also be used for this form of technology. Microsoft’s Hololens are
one of the augmented reality smart glasses “ARSG” and the Oculus Rift is a version of
virtual reality glasses (Rauschnabel, 2018). These are both head mounted displays
(HMD’s) and are worn as a headset. While wearing the Oculus Rift S you encounter VR,
and the artifact is specially made for experience games (Facebook Inc, 2021). The
Hololens 2 lets the user enter a mixed reality where the user’s reality receives another
layer, where computer-generated objects are added (Microsoft 2021). With the Oculus
Rift S comes the Oculus Touch – controller, where the players hands and gestures are
directly added to the games. “Your stabs, throws and grabbing shows in VR with realistic
precision” (Facebook Inc, 2021). Microsofts Hololens 2 is instead “coupled with software
solutions that lets the user interact with the added content either with their voice or
gestures, by doing so the user does not have to hold anything in their hands” (Microsoft,
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2021). One example where using these HMD’s is that it allows for a realistic interaction
between objects and the user even if the person is not on-site or next to the real thing.
This can be a very efficient tool when working with expensive or complex object
(Hoppenstedt, Probst, Reichert, Schlee, Kammerer, Spiliopoulou, Schobel, Winter,
Felnhofer, Kothgassner & Pryss, 2019).

Figure 6: Hololens 2 (Microsoft, 2021) – Oculus Rift S (Facebook Inc, 2021)

Just like a diver needs to put on a diving mask, diving fins and oxygen tanks to experience
the depths of oceans. To experience VR, AR, or MR we need to use some sort of physical
artifact. Likewise, either when diving or using VR equipment wherever you move your
head the reality responds to it, and you must physically move to change the view.
Implementing either of this hardware (Smartphones or HMD’s) in the context of board
games can make the game itself feel more immersive (Molla & Lepetit, 2010). In support
of this statement, Kosa and Spronck (2018) point out in their qualitative content analysis
that even if board games of the future will be enhanced with technology, you can still
enjoy the classical parts of the board game. 8% of the respondents stated this in their
study. The enhancement could make games more efficient and provide solutions to
minimize human error (9% of the respondents stated this) and that some players claim
that digital devices may enhance enjoyment and provide unique experiences (7% of the
respondents stated this). Even though there are several different ways technology can
contribute to game mechanics, gameplay specific qualities or simply the individual
experience of games, several other studies have shown problems by doing so.
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2.3 Problematization of enhancing board games with XR tech.
Carter, Harrop and Gibbs (2014) mean that while digital augmentation of analog board
games might bring strong contributions to players’ experiences, game designers should
be more careful about what might be lost through such efforts. Their study focuses on
expanding the general understanding of the role of the dice, and therefore gives more
answers regarding the relationship between the material and immaterial in all kinds of
gameplay. If the game Warhammer 40.000 would have been played with a completely
digital version of the dice that the game needs to be played, the enhancement and the
experience while playing the game would be considered less enjoyable. The game
Warhammer 40.000 can cause a tangible gameplay mechanic where one player can roll
up to around 100 dice at once. Reforming this interaction by replacing the physical dice
with digital random number generators / RNG would, according to Carter, Harrop and
Gibbs (2014) remove a very important feature of the gameplay experience. Even though
the result would be the same, the action of rolling dice is more important for the
experience than instantly knowing what player is the “strongest” in this specific case.
A difference between a digital and a nondigital game is that a digital game can easily
show the players what is possible to do next. Rogerson, Gibbs and Smith (2018) use ingame-currency as an example; in a digital game it is almost impossible to cheat
(accidental or not) since rules and digital code controls the actions and a miss calculation
cannot happen. In a nondigital game the players can be the source of this problem. By
performing a transaction in a digital game, the code behind the game decides if it works
or not. Without computers it is up to the players to calculate, which could lead to errors.
Players collaborate in a variety of ways, not only while going over the rules, but also
while playing and teaching others to play a new game. If something goes wrong, it is up
to the players to figure it out and play it correctly often causing interaction between the
players. Rogerson, Gibbs and Smith (2018, p. 10) also imply that the players need to
collaborate to maintain an operational focus on the game rather on the social activities
that accompany it. Even if Kosa and Spronck (2018) provided information that claims
that some players think enhancing board games with technology is a positive thing, there
are a lot of people that thinks the opposite. In the same study from 2018, 17% states that
they are “worried that the software used in the enhanced game will become obsolete and
that you simply cannot play the game after a few years”. One thing about board games is
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that they last a very long time, but technology tends to get outdated, and technology tends
to get updated and replaced after a few years. 12% of the respondents stated that they buy
board games to be independent of electronics. People that have a negative attitude towards
enhancing board games with technology simply put that they want to “get away” from
technology, computer-, tv- and phone-screens.
In another study made by Fang, Chen and Huang (2016) they examined the subject’s
satisfaction degrees, emotional response, and social interaction when playing the same
game on different mediums, for instance. Digital games and traditional board games. The
result of their study is that the players can feel intimacy, vivid imagery, sympathetic
responses, and overall satisfaction when playing the board game version compared to the
complete digital version. Fang, Chen and Huang (2016) states that this is one reason why
board games have not disappeared. It also means that there are specific parts of the
experience that video games cannot provide and can only be found in board games. In the
study by Permadi and Rafi (2016), they found that most AR games have trouble with the
social interactions since many of already existing AR games does not provide the
opportunity for communication when playing online or in different locations. If AR
games are to be more popular the social interaction between players are definitely an issue
that needs to be resolved.
De Boer and Lamers (2004) states that the pleasure of playing a board game should be
increased with added digital elements, however the existing physical elements of the
game should be preserved as much as possible. The added technological elements can fill
holes and complete games, it should however act as an assisting system and not cause too
much distraction. (De Boer & Lamers, 2004)
One example of distraction was analyzed in the study made by Kurzweg, Reinhardt, Stoll,
Wirth, and Wolf (2020) they created “AR playing card characters”. The characters are
made to influence game decisions. Three characters were made for this experiment and
the characters had been animated with different behaviors. The character with the most
encouraging behavior where played the most in their gameplay tests. This shows that
augmented reality technology can influence the players decision making process but also
an indirect distraction.
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2.4 Commercial products of the context
Even if there are several studies made where objects and components have been replaced
with digital versions (Carter, Harrop & Gibbs, 2014; Sasaki et al., 2016) and even if the
technology for XR have been established for quite a while now, the list of commercial
products based on a combination between XR (of any kind) and board games remains
very short.
The self-claimed “First AR enhanced Board game” is called “Oracles civil war” which
looked like it was going to set the bar for other AR games. Kick Agency (2018) states
that AR merged with board games tend to fail. However, the reason why is not pointed
out. Oracles civil war was displayed as the role model to change that trend. Since early
2019 no information has appeared - when or - if this product will be released.
The following pictures (Figure 7) was posted on their official Facebook page (31st of
October, 2018) respectively by Novo Press (2018) that shows the physical components
of the game. The other picture shows a version when the augmented reality components
are active. For example, the blue holograms, and the two towers. The added computergenerated content in this game is mostly for the aesthetics and to bring the characters to
life with animations. The game is supposedly playable like a traditional board game,
without the added layer of technology. But it is available for the people that want the
technology to be present.

Figure 7: Oracles Civil War (Oracles Board Game, 2018 : Novo press, 2018)

Another example of an AR game comes from Lazer Wolf Studios which is currently
developing several AR games that will soon be available for the market. They utilize a
board, like other board games. This board is called the “thrymd” game board and have
different geometrical patterns and orange, green and blue colors, with their logo in the
middle printed on top and it has a size of 45 x 45 cm. The difference between a normal
or traditional board is that this one acts as the AR marker. Just like traditional board of a
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board game the marker acts like the playing field. The picture in the middle shows a
prototype of the classical game Jenga made for AR, where the blocks are digital and the
player press and drag on their screen to move the pieces, it also shows the physical
gameboard. The picture on the far right shows what their game “DiceArea” looks like.
Hexdro (2021) present more information of thrymd, and they state that Lazer Wolf
Studios want their games to be “easy to access” and later they plan on letting players
create their own games with the framework that they are developing as well. The only
thing you need for these games is the application, a platform and the gameboard. Then
people can access the game remotely or in the same room.

Figure 8: Thrymd Game Board – AR Jenga – DiceArea (Lazer Wolf Studios, 2021)

Another major upcoming title in these kinds of games is created by the company Tilt
Five. Created in 2017 this game studio is currently getting their upcoming product
finished and ready for shipping. They state on their webpage that it is a “new way of
playing video games”, and they do not claim to develop an AR Board game even if it
contains a gameboard. The product is set to be shipped in August of 2021. They have also
made their own HMD (Glasses) and interactive handheld artifact (Wand). This is highly
anticipated by potential customers and is a new way of interacting in the setting of a board
game. “The gameboard acts as a portal which is connected to the glasses for the user to
wear and you interact with the digital content with the wand” (Tilt Five, 2021). This is
another case where the board acts as the placement marker for the added computergenerated content.
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Figure 9 : Glasses – GameBoard – Wand (Tilt Five, 2021)

Even if the purpose of the following product is not necessarily based on the context of
board games but is citing “educational reasons” instead and acts as a learning tool, the
shape of this product is of interest for this thesis. The Merge Cube is a tangible artifact in
the shape of a cube, where the sides act as reference points for added AR content.
Utilizing this artifact lets the user come closer to visualizations of different things
covering anything from molecules t planets. The cube itself is relatively big, around 10 x
10 x 10 cm of size and it is made to be held in the users’ hands. “It lets you hold and
interact and inspect things, they currently have more than 1000 different digital teaching
aids” (Merge Labs Inc, 2021). The following images show the product and one scenario
where a child is using the product and watches the added content through a Windows
tablet. The main purpose of this artifact is stated as educational; however, the technology
could theoretically speaking be used in other contexts, for example games.

Figure 10: MergeCube (Merge Labs Inc, 2021)

2.4.1 The digital enhancement of dice
Since this thesis is focusing special interest on the dice, this section explains how dice
have been changed by digital enhancement. There are several different software’s that
resemble the function of a dice. Random number generators with simple animations of
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physical dice are one common version. There are several versions of this form of dice
found on different platforms (Android, iOS and Windows). They do their task
effortlessly; they generate a number based on an algorithm and present it to the user.
However, it is arguably more enjoyable for the users to use the physical, traditional
version (Carter, Harrop & Gibbs, 2014). Sasaki et al., (2016) claims that a computer is a
black box and that the players may suspect that it lies, cheats, or alters the result.
Meanwhile the physical devices (e.g., dice) are considered to be fair.
A dice that is supposed to be fair it needs to be symmetric; the chance needs to be equal
for each side to land face up when tossed (Boschi, Aslam, & Brown, 2018). Sasaki et al.,
(2016) states that the visual effects from a digital version can make the player more
excited. They also state that just rolling dice is not considered to be exciting, the feeling
of not knowing the result before the user is rolling dice is where the real excitement lies.
In their study, they produced the AR dice tower, which shows visual effects as the dice is
in motion adding to the anticipation of the player and by doing so raises the players level
of excitement. Again, the result of the throw is the same with or without the effects, but
they state that adding visual content to a dice can increase the excitement for the
player/user.
Another new version of the classical dice is made by Simonet (2021) that presents: “Pixels
- The electronic dice” which is a brand-new product created where the numbers of the
dice are lit up by tiny LED lights. This version of digital enhanced dice is as the creator
states it “a set of smart light-up dice, completely customizable and ready to take your
game to the next level” (Simonet, 2021). Equipped with Bluetooth makes this dice more
special since the outcome of the roll can instantly be visible on a monitor or in any digital
game. This product is in development and the creators plan on shipping the first versions
in March 2022 (Pixels-dice, 2021).
Pixels-Dice was founded on Kickstarter, and it took only 6 minutes before the estimated
goal of 200.000 $ (which was donated by investors/backers) was reached for further
development (Carter, 2021). The base of the Pixel-Dice has five base colors available,
the version in the pictures is the Hematite gray (Pixels-dice, 2021).
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Figure 11:Pixels the digital dice (Pixels–Dice, 2021)

These examples above show current products that are still being developed, but soon they
will be available for the public. Returning to the effects caused by AR, Rizov, Djokic and
Tasevski (2019) stated that AR experience is good to some extent when applied to board
games. “The effect will be much greater if the AR feature is used directly into gameplay,
meaning that using AR features you control elements of the game” (p. 256).
As presented above, recent studies have focused on the quality of virtual objects, tracking,
and positioning and other possibilities of XR in many different contexts. There are several
key aspects found in previous studies that will be helpful in the design process of the
design developed in this project and thesis. The most important findings previous studies
have established are arguably the fact and importance of the materiality, physicality, and
tangibility components of a board game (Rogerson, Gibbs & Smith, 2018: Woods, 2012)
and the results conducted by Sasaki et al., (2016), mentioned above. The interaction
between the players is also the main purpose and reason why people play games.
Therefore, the new technology should be a compliment and work as an assisting service,
an enhancer of specific interactions and not as a distraction De Boer and Lamers (2004).

2.5 Theories – GameFlow & Three levels of emotional design
Csikszentmihalyi formed extensive research regarding enjoyment in different types of
experiences with thousands of respondents over several years (Sweetser & Wyeth, 2005).
The concept called Flow was established and can be defined as follows: “Flow is an
experience so gratifying that people are willing to do it for its own sake, with little concern
for what they will get out of it, even when it is difficult or dangerous” (Csikszentmihalyi
cited in Sweetser & Wyeth 2005). During the experience of flow our senses, intentions,
thoughts, and feelings are focused on the same goal. To reach this state of mind can also
result in improvement of life. Flow is a general experience and can be applied to many
different contexts and therefore serves as an excellent base for a research model.
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Sweetser and Wyeth (2005) formed the model GameFlow based on Flow. They state that:
“Most flow experiences occur with activities that are goal-directed, bound by rules, and
require mental energy and appropriate skills“ (Sweetser & Wyeth, 2005, p. 3). Which can
be applied to the context of board games. GameFlow was originally made to measure user
experience while playing computer games, but since the last 15 years it has been applied
to other forms of games too. Other researchers and studies have also adjusted GameFlow
to fit the specific situation and the model have been used to evaluate different types of
games (Sweetser, Johnson, Wyeth, Anwar, Meng & Ozdowska, 2017).
2.5.1 GameFlow
GameFlow as stated above is a model based on the concept of “Flow”. This model is
postulating eight different categories, comprising 38 criteria that should be taken into
consideration when creating games. The eight categories established in GameFlow are
the following (Sweetser & Wyeth, 2005):
Concentration, games should require concentration and the player should be able to
concentrate on the game.
Challenge, games should be sufficiently challenging and match the player’s skill level.
Player skills, games must support player skill development and mastery.
Control, players should feel a sense of control over their actions in the game.
Clear goals, games should provide the player with clear goals at appropriate times.
Feedback, players must receive appropriate feedback at appropriate times.
Immersion, players should experience deep but effortless involvement in the game.
Social interaction, games should support and create opportunities for social interaction.
This model was originally made for video games but there are some other aspects that are
important when designing for an AR game. Kankainen and Paavilainen (2019) present
information and guidelines for designing hybrid-games. They state that the digital
elements “should be added to enrich the game experience”, and the different components
need to “provide added value that is meaningful”. (p. 11) This can be done in basically
three ways. By exchanging an analog component for a digital one, expand the game with
digital features or extend some non-digital feature with a digital one. Also, that if the
technology fails, it needs to be able to come back in a graceful way (ibid.).
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2.5.2 The three levels of emotional design
Norman (2004) presents three levels of emotional design as another theory important for
designing new artifacts. It is considered as a design approach and several different
designers have used these guidelines during product development, the theory itself has
many citations on Google Scholar.
The first level of design is the visceral level, it connects to the physicality, shape, form
and materiality of the product or artifact. It surrounds the immediate emotional impact
the item gives you. “The feel of the product is very important, and the visceral level of
design focuses on these aspects” (p. 69). Naturally, we receive strong emotional signals
from our surroundings and the objects within it. Our eyes are often the first sense that
spot something new therefore the appearance and looks of a product is often what captures
someone’s interest. In the context of board games, it is the cover and the graphics of the
game box which is like the cover of a book, possibly and commonly a players first sense
or view of upcoming the experience. The game pieces and other components are also a
big part of the visceral in design, since they are of physical objects.
The second level of design is the behavioral level; “It is crucial to address this level of
design in the early stage of development” (p. 83). Norman states that it cannot be adopted
once the product has been completed. This level starts with the understanding of the end
user and its needs. With other words, the “behavioral level” is considered to be the central
aspect of user-centered design. The “behavioral level” of emotional design is focusing on
the specific use of the artifact. With regard to the behavioral level is the outer appearance
does not matter as much as in the visceral level. However, the most important aspects of
the “behavioral level” are function, understandability, usability and physical feel.
The third level of design is the reflective one. “It determines a person’s overall impression
of a product, and the reflections and thoughts of the experiences that it gave the user” (p.
88). It is about the message, culture, and the meaning of a product. The visceral and the
behavioral level might set the foundation and the humans apply the rest in the reflective
level of design. “Only at the reflective level that consciousness and the highest levels of
feelings, emotions, and cognition reside” (p.38). The ways these levels interact are
complex. Theoretically, all the three levels of emotional design should be considered
when designing for a new tangible artifact used in AR board games
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3. Methodology
This chapter covers the chosen research strategy, methods as well the research paradigm
of this study. The design research approach is then defined and the empirical addition to
is presented. These parts are then criticized, and ethical considerations of the used
methods are discussed. Finally, to analyze the validity, reliability and ither factors a
critical view of the underlaying sources is taken.

3.1 Rationale for methodological approach
Previous research has been heavily influenced on the difference between digital and
physical and how both parts affect each other. Combining technology and games has
already proven to be problematic for the overall user experience, and many players regard
such kind of conceptual ideas as problematic. The general thought of adding technology
to an already well-established activity, is also a critical issue. However, the available
technology can be used to create new experiences. For example, the individual pieces
might be able to contribute much more than just already known pieces and to serve a
much bigger role in a different context and setting. It is not surprising that specific
research is lacking when tangible game pieces are concerned. Therefore, in order to
produce reliable results and findings the study itself is structured in two parts, one
practical part considering the experimental design phase and one theoretical part strictly
connected to the theories presented in 2.4

3.2 Description of appropriate research strategy
Based on the formulated design research question in sect. 1.3 the methodological
approach has been set and defined. “The research paradigm is the conceptual lens which
the researcher examines the methodological aspects of the research to determine the
research methods that will be used and how the data will be analyzed” (Kivunja & Kuyini,
2017, p. 26). Since this thesis surrounds a design of how something can be and its effect
on its user it is important to state that this study is design research based. XR technology
creates a more believable mix between the real and simulated worlds (Morvan,
Hintermann & Ovanessoff, 2020) and XR technologies embed the potential to alter the
perception of our presence in the world. This is one general view on the phenomenon, in
the context of this thesis, however the design, the design process and the final artifact
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produced in this thesis is the ultimate particular. The tension between research and design
is another important aspect that is necessary to state. The relationship between the design
and research in this thesis is important to explain. Research has generalizing ambitions;
this means that research is striving to speak of the general and not the unique or specific.
This form of research is of a nomothetic research ideal (Esaiasson, Gilljam, Oscarsson &
Wängerud, 2007). Nelson and Stolterman (2012) states that the scientific world deals with
patterns and regularities, but design deals with the specific, intentional, and non-existing.
This creates an interesting tension between the two. Redström (2017) states that this
tension or issue is something that cannot be escaped or looked over. Even if it is seen as
an issue or tension, it is beneficial to study both sides. “To see the general aspects of
something does not however eliminate the importance of the particular, instead traveling
between these extremes will increase the understanding of both parts”. (King, Keohane
& Verba, 1994 in Esaiasson et al., 2007, p. 27). Redström (2017) states that design
research operates in a space between art and science, and this space actually affords
considerable diversity, it is unlikely that we will be able to see that what we refer to as
theory depends highly on what parts of the spectrum we want our theories to speak about.
The questions and answers are bound to their particular contexts, their particular
methodological worldviews, and for most part have little bearing on the knowledge
generated in other such worldviews. This statement has been used as a key guideline for
the design research that this thesis is based on. Including and using the perspective
defined by Frayling (1993), “Research through design” has been applied to this thesis.
Frayling (1993) states that design can create and discover new information that other
forms e.g., empirical methods can show. “Seeing design as research can act as a venue
for knowledge production that is directed by the professional interests of design
communities” (Redström & Binder, 2006, p. 1). Since the design created in this thesis
serves a central role, I decided to use this form of design research where the design itself
acts as a research method. This is a reasonable way to answer the first part of the design
research question.
There are many different forms of appropriate strategies and methods for evaluating new
prototypes and gaining empirical data. To be able to answer the design research question
and more specifically what effects and gameplay specific qualities this new artifact can
have and provide in board games a qualitative research in the form of a case study
containing different empirical methods surrounding an expert group (people working at
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Lazer Wolf Studios) is one method I consider to be appropriate. “Creating and using a
case study aims to illuminate the general by looking at the particular” (Denscombe, 2010,
p. 53). In this case, the challenge is to find out what this specific artifact can change in
the means of gameplay specific qualities in board games. “To be able to receive new
insight depends on being able to investigate things in a way that is different from, and in
some senses better than, what is possible using other approaches” (Denscombe, 2010, p.
53).
Since the specific instance is decided more specific discoveries can be made. A case study
lets the researcher focus on the relationships and processes. Striving to unravel
complexities of a given situation by targeting the details and finding out how they affect
each other using this method is a good choice. The greatest strength of a case study is that
it is possible for the researcher to see why certain outcomes might happen, and not just
finding out that the outcome happened. Since the case study needs a context and is
normally connected to something that already exists, for this thesis the activity of playing
a board game is considered to be this context. Some characteristics of a case study
emphasizes on depth of the study rather than breadth, the particular rather than the
general. Case studies can also act as a base for exploration where the method can be used
to explore the key issues and focus for example on the problems or opportunities
(Denscombe, 2010). To go forward with this approach, the study itself was founded as an
expert focus group, with an agenda and topics based on the theories presented in 2.4,
especially the theory of GameFlow (Sweetser & Wyeth 2005).

3.3 Concept driven design
Stolterman and Wiberg (2010) means that concept driven design is to design and create
a concept and an artifact that manifests desired theoretical ideas as a compositional whole.
As stated in the introduction of this thesis, a concept driven approach to design manifests
theoretical concepts in concrete designs. Four different basic principles are postulated to
design and create a concept and an artifact that manifests desired theoretical ideas as a
compositional whole: A good concept design is both conceptually and historically
grounded, bearing signs of the intended theoretical considerations. Second, the final
artifact has the potential power to function as an argument for the quality of the proposed
concept and the intended theoretical argument. Thirdly, the quality of the artifact as a
reflection of the concept and as an argument is a consequence of the careful crafting of
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the underlying theoretical ideas, the concept, and the artifact. Lastly, the careful crafting
of the artifact is a process of refining and including essential characteristics of the concept
while excluding features and functions that do not add to understanding and evaluation
of the concept and the theoretical argument (Stolterman & Wiberg, 2010).
By utilizing this theory, the designer should go through seven stages. The first stage
surrounds the concept generation itself. In this early stage it is important to address the
fact that a new concept needs to contain something new, the activity is a way to search
for the unexpected. However, the “new” in this context still needs to be connected to the
theory found in the field (Stolterman & Wiberg, 2010). When a concept is found and
created it is time to explore the concept further. In the second stage the designer needs to
work hands-on with materials; creating models and prototypes. In this stage it is not
necessary to spend time, evaluate or test the prototypes made, the authors direct the
designers to use traditional research methods which are, according to the authors,
probably more efficient and suitable.
The second stage, regarding the exploration of the concept should result in a few central
concepts and this is the starting point of the third stage, the internal concept critique phase.
This phase is connected to three major key points. Firstly, the uniqueness of the chosen
core concepts and secondly, to what extent the concepts relate to existing theory. Finally,
how well these concepts can be clearly expressed in a concrete design. When answers of
these key points are established or formed, the next stage, the Design of artifacts can start.
At this stage, the essential design concept should be carved out and expressed in a
concrete artifact. This is not only a practical process, but also a process of theorizing,
since practical and theoretical aspects now get incorporated as a whole. This is the part of
this method where the design research relates the theoretical development with the skilled
craft of making artifacts. When an artifact is created it should be tested. It is traditionally
a natural way of following up on the design and development. The design should be
displayed to the public and critiqued as a composition. This is an evaluation of the idea,
the concept, and the inherent theoretical principles that the design manifests. This stage
leads to critique which leads to possible changes that can be made. The concept needs to
be revisited and iterated.
Some points of critique might even regard the basic idea of the concept. In any case, the
question has to be answered if the artifact is, considered to be suitable or appropriate and
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are the components sufficient for the purpose. When the critique is taken into
consideration and the final concept has been defined, expressed in a prototype, that has
gone through the stages listed above, the design can be positioned against previous work
and similar concepts. The tricky part regarding this method is to address the uniqueness
this new concept has – but at the same time position it in relation to previous work, which
is hidden sometimes.
This is crucial for the knowledge-gaining process of conducting concept-driven
interaction design research and an important step to the current body of knowledge. To
sum up this method, there are two methodological considerations present in this
framework. The design and practical work made by a designer is one part and the other
more theoretical part is usually covered by a researcher. Both parts need to stay related
and by being together they can build up to a wholesome artifact. According to Stolterman
& Wiberg (2010) the two parts are not commonly seen as related, instead the method
should be seen as one and not separated from each other. Finally, the conclusion to this
method is that even if it is different and considerably young or new compared to the
traditional research methods, a body of knowledge can be expanded through the
development of concepts and artifacts (Stolterman & Wiberg, 2010).

3.4 Design agenda and form of the design project
Hertzum (2014) presents several different project forms that can be used while doing
research in design, specially formed for student design projects. With the main point of
this article that is to learn about design, you need to do design. Similarities can be drawn
towards research where design itself can act as a research method.
The construction project that Hertzum (2014), describes ss a project that has its focus on
technology and investigates the technological possibilities by constructing designs. “By
simply using the technology as a driving element in the projects, the focus is shifted from
principles to the application of principles and, thereby, to the complexity of handling the
multiple practicalities that are abstracted away in principles” (p. 3). But understanding
the technologies strengths and weaknesses, including their affordances, their look and
feel, the extent to which their behavior can be configured or dynamically changed, and
their openness toward integration with other technologies is hardly possible without a
clear understanding of the guiding principles and the purpose of the design concept. This
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form makes the artifact “talk back” to the designer and eliminates design in other words
it does not yet work. “This conversation between designer and design leads to reflection
only if the designer is attending to the characteristics of the situation at hand” (Hertzum,
2014, p. 4). Even if the construction is of focus in this project form it is necessary to shift
between the prototyping and the theory of use, in other words even if the artifact is
important, the user is also of value and has to be a guiding principle of the design.
Following the construction project, Tharp and Tharp (2018) present in their book, four
dominant agendas and the “Experimental agenda” is one of them. It acts as another
viewpoint for design and the focus is to explore. Limited by commercial and technical
restrictions, an experimental agenda shows possibilities to improve the performance of
the artifact, and can show what a future application, product or system may look like.
Tharp and Tharp (2018) do however not address that a project should have only one
agenda, usually the different agendas can exist in the same project even if one of them
usually is considered to be more active or of focus. Influenced by the commercial design
agenda, which as the name states, surrounds the commercial aspects and are very similar
to product design.
One idea of this project is to see if this artifact can influence games which in the future
might lead to a commercial product. The reason why this agenda is not the main part is
that the commercial agenda is oriented and driven by the market and the success of a
product made with this agenda is measured through economic terms, or in other words
that it brings a sufficient return on investment (Tharp & Tharp, 2018, p. 46). Even if the
commercial agenda might surround numbers and economic issues there is definitely room
for design and aesthetics. This mix of the experimental agenda and the commercial
agenda will influence the design made in this thesis.

3.5 Critique of theories
Though, research through design is a relatively new way of doing research and gathering
information, it has been proven useful in different examples before. Designing and
prototyping may lead to answers that traditional research and empirical methods simply
cannot answer (Redström, 2017; Stolterman & Wiberg, 2010; Löwgren, 2017) Even if
this is true, the authors of these texts state that more work needs to be applied and simply
that research through design is not yet accepted by other research methods is not
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reassuring. Stolterman and Wiberg (2010) also address that some traditional evaluating
methods taken from e.g., social studies, should be applied to the project, to bring validity
to the data since they are probably more efficient and suitable than simply experimenting.
The GameFlow model created in 2005 has since then been applied in hundreds of
designing and evaluation games and gameful experiences. The model has seen thousands
of citations over the past 15 years (Sweetser, 2020). The model itself was created to
analyze PC games but later and due to new platforms the GameFlow model has been
tweaked to fit the platform of the studies. Currently the creators of the GameFlow model
are continuing to develop and improve the method and overall theory (Sweetser, 2020).
This theory is strongly connected to a complete game of any sorts. Since the dice is in
some games very important and many game functions and mechanics surround this
tangible artifact the checkpoint from this theory is special of value. “One key issue with
the GameFlow model in this form is connected to the criteria of immersion, which is
difficult to assess, as they are attributes of the player experience, rather than the game”
(Sweetser, Johnson, Wyeth, Anwar, Meng & Ozdowska, 2017). Since this model is
created to evaluate the complete experience of the game and not how a specific
component can affect the game, some of the criteria are not of particular interest.
However, there is still room to discuss potential solutions that might act as a base for
examples of immersion. Immersion is one interesting factor and even if it might be
difficult to measure this criteria, one can argue how the games functions can provide for
immersion.
The criteria from the GameFlow model seems to be very connected. For this study, the
criteria of “challenge” and “clear goals” are not of main interest since those criteria are
strictly connected to the complete game as a whole and it might be hard to measure how
the AR Dice affects these parts. If the AR Dice can contribute with its functionality, based
on the criteria found in GameFlow, then more added value for this design is made. Even
if the GameFlow model is heavily designed for complete games and not an evaluation
method of how a new game component might function it is chosen for this project.
Normans (2004) three levels of emotional design is another well-known theory. Which is
however relatively open and generally formed, but the points made are clear and can be
easily applied to many different contexts. His work has several thousand citations, but
this theory surrounds the emotional aspects the user puts into the artifact, in this theory
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Norman does not necessarily address utility and usability, function and form. Emotions
might bring value to the overall experience, but the artifact needs to be able to work before
these experiences can occur. If the artifact is working properly this theory can really be
of value. Even if not all of the aspects of the three levels of emotional design theory are
applicable to this thesis, the overall theory is of relevance when it comes to prototyping
and sketching with tangible components.
Concept driven design is heavily influenced on theory and possible solutions. This led
the design phase of this study to be primarily relying on the technical aspects. However,
to find out if it is practically possible the concept driven design theory is seen in this
context as usable. When that part of the study is proven (the practical function of the
technology) a new phase of the method takes form. The experimental phase of where this
new artifact can exist and where it can bring new value are of interest.
The project form chosen, the construction project (Hertzum, 2014) shifts the design focus
to the technological aspects of design, in order to assess what the technical potentials are
and what can be achieved from a practical point of view. By doing that, it strives to build
something new, but risks failing to appreciate the use situation. This has been taken into
consideration and this risk is an important effect that the artifact created might bring.
Even if this might be considered as a failing attribute, within the scope of this work this
form of failure can be of some value. Even if it might seem negative to find mistakes with
the design.

3.6 Empirical method
Even if research through design and the listed methods, theories, and guidelines above
are of highest relevance, empirical methods should not be out of focus. As Stolterman
and Wiberg (2010) stated, there are empirical methods that are better at evaluating
credibility. Not only by experimenting, but the result of this thesis is also founded by the
application and usage of one empirical method. Using an empirical method will lead to
proven facts and transparent information, which can be used as data for analysis.
To use an empirical method where respondents get an opportunity to give insight on the
relevant topics is necessary for this study. There are several empirical methods to use,
and, in this situation, an expert focus group is found appropriate for the cause. This section
is supposed to be non-structured, and the point of a focus group is to let the respondents
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discuss the topic (Denscombe, 2010). The design research question and specifically the
part of what gameplay specific qualities can this artifact add to new and existing board
games and to determine this, the respondents of this study are highly qualified since they
are all experts and professionals working in the field of game design. Letting the group
of respondents talk and discuss together might lead to a more cohesive answer and better
results than using a pre- or semi-structured questionnaire. Focus groups let the
respondents argue or discuss opinions, and finding answers and solutions, this may lead
to more realistic accounts of what people think, because they are forced to think about
possible revisions of their views (Bell & Bryman, 2011). Since this is a group activity it
gives the researcher the opportunity to study the ways the respondents together construct
meaning regarding the topic.
A focus group as a method includes brainstorming. Nelson and Stolterman (2012) define
brainstorming “as a group verbalization process. However, utilizing this method without
imagery lacks in function and does not live up to be a truly creative tool” (p. 131). By
adding images of the parts that should be discussed, it will be easier for the respondents
to explain what they mean. Since this method is qualitative and not quantitative it is a
method that relies on documentation and transcription of the data and findings. It might
be troublesome to write down exactly what the respondents are saying and at the same
time keep track of who is saying what. Even if the words are important and could be
written down, a recording of the section also gives the researcher another opportunity to
listen to the information and time to point out how the information and answers were said.
To only rely on notes can lead to false information unless the documentation is mirroring
the outcome (Bell & Bryman, 2011)
Surveys of any form usually consist of different parts, where information is a typical way
of introducing the participant to the project form. This is connected to personal
information such as gender and age, however in this case it is not of too much interest.
Knowing that the participants are currently working for a game developing company will
in this case be defined as experts within the context of this case. “By selecting items or
people most likely to have the experience or expertise, to provide quality information and
valuable insights on the research topics” (Denscombe, 2010, p. 35). Since this method is
relatively open and strives for open unstructured discussion, answers regarding other and
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general aspects of AR board games are expected and might show up as well. The way
this method was used is presented in 4.1.5.

3.7 Ethics regarding methods
The value of ethics has been an important factor for this study, names and personal
information have been left out. In this time of the COVID-19 pandemic the rules and
guidelines for health and safety regulations have been applied during the execution of the
empirical method. The survey was completely anonymous. Also, since the empirical part
of this study surrounds the experts working for the Game company Lazer Wolf Studios
the method itself and to address the safety of the current situation, the research section
itself was made online in a video meeting. Online meetings like this are very common at
this time for the people working at Lazer Wolf Studios.

3.8 Evaluation and analyzes of the bibliography
This thesis is based on literature and information found at the HKR’s library database
Summon and the database Google Scholar. In order to form an understanding of this
context and the purpose of the designed digital artifact presented in the next chapter.
Previous work, studies and products presented in chapter 1 and 2 have had an important
impact. The relevant academic books, relevant specific information presented by
commercial products and mostly scientific articles is the overall base for this thesis. Since
the design of the artifact is new, the theories and the overall view of similar designs have
been used as a guideline for this design.
To assure the quality and descriptions taken from previous board games, the most
common and well-known games have been presented. There are several thousands of
scientific articles covering different aspects of AR/VR technology and there are several
studies containing information on board games and the effects of them. However, the
implementation of AR/VR technology in this context and technological enhancement of
board games in the extent of this project study is still found relatively small. Peerreviewed articles and articles with a high number of citations from Google Scholar have
been selected first and formerly used in this study, however, even some less cited articles
have been of value for this work, even articles made by game journalists and information
from websites such as Kickstarter have been of value for this study specially when
analyzing existing commercial products.
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4. The design
Built upon previous research, methods, and theories the design project connected to this
thesis serves as a central part of this study. To find an answer to the formed design
research question, a design has been designed and created. This part of the text is
dedicated to the design process, in which I present, describe, and display the design.
Concluding this chapter, a critical evaluation of the final prototype is established.

4.1 Design process
The design process of creating the AR Dice, its connected software, the AR Dice App
and a mock-up website, was made throughout different phases. All these phases were
based on gathered information, frameworks, guidelines, and technological limitations.
During the initial state of this project, the main field was set. After the cooperative
relationship between the author and the company Lazer Wolf Studios began, the idea and
overall concept of adding more physical components to their product started the idea of
the AR Dice. The design process has been built upon the design approaches and the
empirical method presented in the previous chapter and is heavily influenced by the
concept driven approach (presented by Stolterman & Wiberg, 2010), where the empirical
method is used in the “external design critique” phase. As presented earlier in this text,
the cooperation between Lazer Wolf Studios and the author has been consistently active
throughout this project. Daily contact through online meetings contributed to the
development of the project. In the beginning of the project the author presented the main
idea for of working with the dice for the studios which were very interested of how they
could work with more physical components found in board games and if they could be
transformed into their field of work.
4.1.1 Prototyping phase 1 – Sketching and the explorative design process
To establish a new design artifact with a purpose, several different types of design
concepts were formed. Connecting this part of the design process to the concept-driven
design approach covered in 3.3 regarding the concept’s generation, exploration, and the
internal critique of the concept are all put in this prototyping phase. Since the context is
connected to board games it was natural to analyze the most common components found
in classical board games, and how these components could be enhanced. These common
components refer to the board itself, cards, game tokens/pieces and the dice. The
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technological restrictions and the development of the technology available for the
researcher, limits the possibilities of design that will work both theoretically and
practically. It was very important for the researcher to design something that can be used.
Due to previous studies and commercial products, other design ideas could however be
discarded. The choice of doing this in the beginning of the project made more time to the
final artifact itself.
In previous products the board itself has been able to be used as an augmented reality
marker and as a base for digital content, making it a component with a suitable purpose.
This can be seen in commercial products from Lazer Wolf Studios and Tilt Five, ideas
and design connected to the board itself for the purpose of this project was discarded.
Cards as a game component are very common and exist in many board games and also
have been studied before. Since many cards have illustrations of characters or items, they
can act as a prefect foundation for digitalized characters. The study (Play Me!) by
Kurzweg et al., (2020) proves that the digital contentment can be applied to normal
nondigital cards to give new possibilities for game alteration. The added content can even
change the way a player uses the exiting cards and components. Since this study is made
and with interesting results, the idea of designing for game cards was also denied.
The tokens / game pieces that indicate where you are on the board game are another aspect
of interest as they are also very common. To name an example, the game Monopoly uses
small metal pieces in the shape of a Top hat, Boot, Racecar, or a Wheelbarrow as pieces
or tokens. Each player chooses one token to represent him/her while traveling around the
board (Hasbro, 2021). Due to the technical restrictions and the fact that the added digital
content from the markers is a layer above the physical marker, it is found to be difficult
to add physical game pieces or tokens on these types of AR games. Currently these game
objects can be seen as small sculptures. Even if the technology can scan 3D objects the
small size is theoretically an issue (Vuforia, 2021a). Game tokens can also be seen as
non-versatile since the tokens are usually connected to a specific board game. Due to the
non-versatility and the technical issues that might appear with scanning small sculptures.
This game component as a main interest was discarded since the quality of these
sculptures need to be of high quality, and I have not access to tools to create that.
The dice itself as a tangible object has been proven itself useful in different contexts and
games throughout its existence based on the number of games that are made throughout
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history. The AR dice tower by (Sasaki et al., 2016) uses a similar design, however the
tower itself can be considered automatic so there is no need for the user to scan the marker
themselves. Using a handheld device leads to more control but also more work for the
user since the user must aim the handheld device’s camera at the dice to properly see the
outcome. This concludes the explorative design process of this thesis, in which the
specific component (the dice) of interest was chosen. Its versatility and variety of
generalized shapes such as basic or e.g., cubic make the dice the perfect component for
this thesis. However, other game pieces such as the board are still of relevance for this
project and study.
4.1.2 Prototyping phase 2 – Experimenting with different polyhedral dice
Since the same markers can be used in different products and only act as an indicator of
where the added content should be added, they are versatile. Therefore, the dice should
be able to work in different scenarios and serve multiple purposes. As stated earlier a dice
can come of different shapes which presented the next step in the design process. At first
glance the D6 seems most appropriate for this thesis, since it is most common. However,
other shapes of dice exist and might bring different values or aspects to a game. Dice of
various geometrical shapes were analyzed in a short initial design prototype experimental
session. Since the sides of the less common dice e.g., the D4 or D12 have faces that are
not quadratic but instead with the shape of a triangle respective pentagon, the dice of
standard dimensions with these amounts of faces are found to be too small for the
technology to work with a stable and reliable connection.
With a surface area of each face ranging between 0.72 cm2 (D20) to 3.0 cm2 (D6), it is
clear makes it clear that the D6 is not only the most common, but also the one with the
biggest faces relevant to its overall size, which for this case will be a suitable starting
position for experimenting. The decided standard size of a dice is not scientifically set,
and the size varies depending on what geometric shape the dice has. But by simply
experimenting and measuring different dice the result states that the typical standard size
of dice (D4, D6, D8, D10, D12) ranges between 1.2cm3 - 2 cm3. Since the D6 was found
to have the biggest faces compared to other dice and that it could have the size of ≈ 2cm3
the measurement was set. The D6 was chosen for this thesis and to be able to add the
biggest possible markers. For future prototype sessions the dice had the measurements of
2cm3 (2 x 2 x 2cm). This means that the AR Dice is slightly bigger than the D6 in the size
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comparison test but is still close in size as the D20 (the biggest dice that was measured).
This prototype phase concludes in other words the “internal concept critique” stage from
the concept driven design approach that Stolterman and Wiberg (2010) presents.
4.1.3 Prototyping phase 3 – Design of the AR Dice
The explorative design phase including previous research resulted in the final idea. A
tangible artifact, an augmented reality dice (AR Dice). This prototyping phase can be
seen as the “design of artifact” stage in the concept driven approach. Previous studies in
this area underline that this idea has potential, but since it has never been executed there
is to be discovered if this is indeed practical. That said, this project needed more designing
and work. During the prototype stage of the tangible artifact, the first issue to solve was
to find out if the markers could fit on a dice. On their webpage, in the section “The
physical properties of image-based targets”, Vuforia claims that a marker should have a
width of 5 inches (12 cm) and a “reasonable height” for a stable connection (Vuforia,
2021b). If the markers are to be placed on a typical sized dice it means that the marker
needs to be smaller than the recommendations given by Vuforia. The first prototype was
made from wood and has the dimensions of 2.5 x 2.5 x 2.5 cm which gives room for
slightly bigger markers then what would have fitted on the industry standard size dice
with the average measurements of 1.5 x 1.5 x 1.5 cm.

Figure 12: Wooden dice, the first tangible prototype (Picture by author, 2021)

Using Unity and Vuforia, seven Markers were finally created and a simplistic application
for an Android based handheld device was made for testing. Since the results were
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promising, this shows that practically this technology could work even with small
markers.

Figure 13: Markers made for the study (Picture by author, 2021)

One issue found in these experiments, is the way the Smartphone and the Marker interact
with each other, another factor that is to be considered when it comes to AR Dice is not
only its size but also its weight. By experimenting with different materials, sizes and
weights the designer came to a final decision of material, which was the heavier prototype
made out of granite (shown in figure 14). If the Marker is stable and is not moved the
connection between the marker and the application is found more stable than if the marker
is moving. To make the AR Dice more stable and harder to accidently move, a heavier
material than wood was tested. The first prototype was made from wood and was
relatively light therefore easy to move. Instead, the granite cubes (with the size of 2 x 2 x
2 cm), were tested to see if the added weight could be a solution to this problem. The
success of these experiments regarding the physical aspects lead to further exploration of
where this artifact can be a part of something more than itself. Consequentially an
example of a context needed to be formed.

Figure 14: The granite base for the final AR Dice (Picture by author, 2021)

4.1.4 Prototyping phase 4 – Game concept generation of DiceFold
The prototyping phase number four has its focus on potential new games in the focus on
potential new games which the newly found working artifact can exist. The creation of
the game DiceFold started as abstract sketches, resulting in a first paper-based version of
the game. The concept was then presented to Lazer Wolf Studios and they said that they
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liked the idea and that it would be interesting to visualize this in a digital way. DiceFold
is a player vs. player game where the AR Dice acts in three different ways. The main idea
and core game mechanic is that the dice itself becomes a piece of the game board. To
achieve this aspirational target the geometrical shape of a cube was unfolded in nine
different shapes, of which, for reasons of the game harmonization, six were selected and
kept for the game. This choice was also made hence the AR Dice itself has six sides. This
is the first way the AR Dice is used in DiceFold, by giving the user one out of six shapes.
The players then use these shapes as a walkway for a character/playing piece. The second
way for the AR Dice to work in the game is simply buy rolling a number. Just like the
traditional dice to show that it can do this task. The character then takes steps on the newly
added path in relation to the number rolled. After this part, the AR Dice is used again,
here the AR Dice gives the user a random item as a reward for completing other tasks
through out the game. The game ends when one player have reached all the way across
the field and decides to step on the other players starting point. The goal is relatively
simple, the player should try and reach the other side of the board game (see appendix B
for the full set of rules). In the following figure the first paper version and the final digital
version is presented. Since the AR Dice was not made to work in this way yet, a normal
dice was instead used, and every number rolled needed to be translated, (except the
distance the player can move its token). Representing the players positions in this version
was to use coins.

Figure 15: Paper and digital version of DiceFold (Pictures by author, 2021)
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4.1.5 Prototyping phase 5 – External design critique
Then the “external design critique” were held, which was done through the empirical
method where the respondents could discuss the value of this artifact as well as voice
constructional critique. The usage of the empirical method took place in two different
sessions. The groups where relatively small with three people in each group. The strategic
choice of making two sections was to see if the two groups had different opinions and
thoughts and by doing so dedicates more time for each respondent. The sessions started
with the researcher welcoming the respondents to the workshop. Aspects of ethics and a
description of the purpose of the research were pointed out. Using a digital presentation
software (Microsoft Power Point) the AR Dice was presented to the respondents.
Followed by the GameFlow theory which also was explained as an introduction and
reminder of what aspects the participants should focus on. Following the introduction of
the AR Dice and the GameFlow theory, two games were chosen as a base for discussion.
Monopoly and Risk. For the exercise, the presented games and respective game boards
were shown for the participants.
Presenting all of the mentioned information to the participants was set out to make it
easier for them to explain their ideas regarding the AR Dice, whilst being in context they
were familiar with. As the exercise took place online via Microsoft Teams, the mentioned
presentation acted as the focal point presenting all the relevant topics and theories.
Following the traditional board games, the eight criteria and definitions made by Sweetser
and Wyeth (2005) were used as yet another guideline for the. Normans’ theory was
excluded and therefore not explained to the participants because that would be beyond
the constraints of this exercise. not explained, however points made that can be connected
to the theory was undoubtedly going to reveal under the sections.
The main purpose of this expert focus group was to gain information on how the
professionals see the presented artifact. A total of 120 minutes were spent on the empirical
research methods, resulting in new outcomes that will be presented in chapter number 5
which contains the complete result of this project and study. After the two sessions, the
external design critique stated by the respondents were transcribed, analyzed, and
implemented in the final stages of the thesis.
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4.1.6 Prototyping phase 6 – Prototyping with traditional games in AR
The prototyping phase number six surrounded the traditional games Monopoly and Risk.
To see if the AR Dice could work in context of traditional board games that are famous
and already well established, Monopoly and Risk were created as a new adapted version,
to test the AR Dice utility. This was founded on the gained data from the empirical section
which acts a starting point. Since these games are of significant value in the empirical
part of this study, they were visualized with the creation of 3D models and finally a 3D
version of these games was made. This was made to add more content to the application
and indirectly acts as another example where the AR Dice could work.
Continuing on the way the AR Dice could show the outcome of a specific game mechanic,
Risk proved to be a good example. The AR version of Monopoly was made and in this
case the AR Dice acts as a number generator. The model of AR Risk shows another way
the same dice is used, but in this case, it shows which player is stronger. To showcase this
form of strength, instead of showing numbers, the attacking player will see bullets above
the face of the AR Dice and the defending player will see icons of shields. To see which
one was stronger, the number of shields or bullets determines which one is stronger.
Following pictures show the models of the games including the functions of the AR Dice.
Creating the visual of an augmented version of Monopoly and Risk, was created in the
software Autodesk Maya and zBrush, they are also featured in the application made later
in the design process.

Figure 16: AR Monopoly – AR Risk (Picture by author, 2021)
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Figure 17 Left: Shields and bullets (Pictures by author, 2021)
Figure 18 Right: Astronaut (PTS Inc, 2017–2018)

For the application in the demo video the “Astronaut” from Vuforia/PTS Inc was used as
a marker and acts as the game board. This image is specially designed as a marker and it
gives a very stable connection for the smartphone to scan. This marker was used to
eliminate technical issues that could occur using a less professional marker made by me.
However, there is room for other forms of markers, and this was only used as an example.
4.1.7 Prototyping phase 7 – Concept contextualization
The prototyping phase number seven focuses not only on the software application but
also on the website that is made for exhibiting purposes. With a working tangible artifact,
and a new AR board game the focus was set to completing the final prototype. Since the
main purpose of this was to connect the artifact with the digital content. An application
on a smartphone is seen as a suitable platform. First the app was sketched on paper and
later transferred and digitalized with Adobe Photoshop and Illustrator to create an overall
impression of it. The sketch shows the start page of the app, with the name and logo in
the top of the screen. Next, a login screen is visualized and finally a “game-screen” where
the games should be listed. The purpose of the website is to serve as a main source for
information of this project.
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Figure 19: First paper sketches from the AR Dice App (Picture by author, 2021)

After the plan was finalized and the files were ready to be put together in Adobe XD. The
content itself consists of example pictures of games and how they might look when the
artifact and software is added. Generally, the purpose of the AR Dice application can be
summarized as a more specific context for the artifact. The purpose of this AR dice
application is to create a more generalized context for the artifact. A suitable context in
this context is the AR Dice App in which digital information is stored to enable easy
access to the games available. For this study, three games are available, DiceFold, AR
Monopoly and AR Risk.
However, it was found problematic to showcase the game itself through Adobe XD. A
demo-video in the same style as a possible application was created in Adobe After Effects
instead. This short video was made to explain the usage of the AR Dice and the game
DiceFold to show how the interaction could take place. The following four pictures shows
the graphic style of the application. AR Monopoly and AR Risk was not made into a
demonstration video simply because there was not enough time to make them. The
website mock-up was made to serve as an exhibition tool where more information on the
AR Dice and the whole project was presented. The fake name of MLGAMES was made
from my initials and acts as an example of a game studio. The demo video of DiceFold is
also available here.
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Figure 20: Screens from the AR Dice App (Pictures by author, 2021)

Depending on what game you chose to play, the board and dice functions are according
to respective demands. Since the game itself is experienced through the smartphone a
game application seems appropriate.

Figure 21: Start page of the Website (Picture by author, 2021)
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4.2 Summary of the Design process
To summarize the design process, the outcoming collections of design are the AR Dice,
the new AR board game DiceFold and the AR Dice app and Website, which connects the
physical and the digital. Certain parts of the design are influenced by Lazer Wolf Studios.
The design process started with the simple idea to add more classical tangible objects
from board games to AR games / AR board games. Using the same software as the studio,
placing image-markers on cubic objects was considered a good starting point. To find out
if the technology could execute the idea was then the focus point of the design process, it
was very important that it actually works and are more than just a speculative concept.
When this was tested and the connection was stable, the focus shifted from seeing that it
works to what it can achieve. Just like the traditional dice can be seen as fairly useless
unless it is part of a context, the AR Dice needed a context.
The game DiceFold was invented and through different sketching, paper versions and
game testing finalized. Then the design of a real 3D version was created. Acting as an art
director and animator I was in charge of guiding two 3D modelers to make assets for the
game. After those assets were finished, I animated the assets, edited, and filmed all the
parts of the demo-video. I wrote the script for the voice-over and I designed the UI
displayed in the demo-video. While developing the context for the AR Dice, two separate
workshops were held with professionals in the AR game industry to critique and discuss
the potential of this new artifact. This was made to evaluate the design and its function.
These different prototype phases were created to successfully answer the design research
question to its full extent.

4.3 Critical evaluation of the final prototype
The complete design and its three separate parts are just one example of how this can be
done. No digital game development was created in this project and no code was written.
Instead, the usage of examples, pictures and video will display the function and main
ideas. The physical prototype of the AR Dice is arguably rough. At this stage, the AR
Dice is made of a cube that consist of granite and the markers are made of paper simply
glued onto the cube. Experimenting with this final prototype and specially while filming
the footage for the application demonstration video, the AR Dice are found fragile. With
time the glued-on paper pieces would most likely fall off, as already depicted in figure 12
where the paper indeed already started to peel off. However, since it is a prototype and
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not a fully functional product, it is acceptable. If it comes to the development of a real
commercial product the dice would most likely be made of plastic with markers that are
printed on the faces to be less fragile.
The AR version of DiceFold is also only a demonstrative version of what a potential game
would look like. Looking at the hard facts, it is safe to say that the development of a
complete classical, well-balanced, fair, and fun board game would take up to a couple of
years to perfectionize. Taking this to the next level with the inclusion of the AR
technology would add on the already existing time needed for game development. All of
those factors had to be considered while creating a good demonstration of how the AR
Dice could be integrated in our everyday lives. Not to mention the budget necessary to
pay for software, employees and the creation of prototypes and time spent on research.
However, the outcome of this prototype is arguably enough to display the main idea of
the concept.
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5. Result – Outcomes and analysis
The result of this thesis surrounds the design and the information gathered throughout the
design process. Firstly, the design prototype phases have proven that an object of that
specific size and form could, with different types of images (AR markers) act as a new
tangible artifact and as a base for AR technology. The second part of the design research
question also needs to be answered.


In what way can dice be used with Augmented Reality and what gameplay
specific qualities can this artifact bring to new and existing board games?

The two sessions of the empirical method were made and, in this chapter, the presented
answers and outcomes will be presented, followed by another critical evaluation of the
design and outcomes.

5.1 Result from the empirical method
The information from the two sessions is combined and presented as a whole. Since this
is a qualitative study there is a lot of information gathered and the respondents used a lot
of examples from existing games as context for these discussions. This information is
connected to the AR Dice and what gameplay specific qualities it can provide for existing
board games and what potential it brings for future games. The information gathered in
this part is extracted from transcribed audio files that were recorded when the focus
groups took place. From this information key point were formed, which were then
summarized while specific gameplay qualities were listed.
The respondents started by talking about the AR Dice and how it can be integrated in
Monopoly and Risk.
“Since the dice is so strictly connected to chance, trying to add more dice-based actions
might be difficult since this indirectly adds more chance and less skill”.
Other respondents also stated that trying to improve these classical games is difficult since
they are excellent games, just the way they are, so much of the mechanics should be the
same, however, an AR game version might be just as good as the traditional one if the
AR Dice is added as a component.
“It would make more sense in trying to apply new mechanics in new games so that the
rules do not have to be changed. Monopoly and Risk could however act as an excellent
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entry point for new players that might be interested in playing AR games especially when
new games follow and are made for the platform”.
The AR Dice is said to be one of the contributing factors to this statement. Playing a
completely digital version of these games is, according to the respondents, not as fun as
the traditional ones. By adding this new artifact this problem is expected to be solved.
“I would rather play anything else than a digital version of a board game, where the
interaction of rolling the dice is replaced with the click of a button”.
By adding this artifact into digital versions of games or in new AR versions, the feeling
respondents stated that they feel when playing a board game could be transferred to the
activity of playing an AR game. Even if just the dice is added, it is considered to be
enough to make it feel familiar to board games.
“This reduces the feeling of playing a digital game and that it feels more like you are
playing a board game”.
The respondents also stated that this would work very well when played in the same room
where the players can sit next to each other and share the same artifact. One respondent
found one issue with this artifact which regards the lack of visibility since it might be
problematic if you cannot actually see the other player rolling the physical AR Dice. This
is obvious if the players are not located in the same location/room. If participants are
playing with the AR Dice but are not in the same location it could easily be tampered
with which would be cheating. For that the risk of cheating can be eliminated, the
software needs to keep track if the dice is rolled or not which is difficult to do. This
however is no problem if the game is played in the same room, where everyone can see
what is happening when the fairness is there since everyone playing can see what is
happening.
“The difference between a digital dice and a physical one, is the illusion the physical
gives the players, the feeling of; I am the player, I decide how I throw, and when I throw
the dice is very important for players”.
This means that it is considered to be more enjoyable to use the AR Dice compared to a
digital version. Even if the outcome might be the same as whit a physical dice, the speed,
height and the throw itself, made by the player feels different than just a simple click on
the chosen platform.
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“The AR Dice creates a deeper level of immersion, and you get instant feedback of what
happens next if you play with this form of game component”.
The respondent said that if the “translating” is managed by the software of the platform,
more time will be spent on the game and the players do not have to go through the
rulebook to find the translation for what a specific number or symbol means in that
specific situation. Another respondent stated that in most roleplaying games using
traditional dice with numbers or pips often needs to be “translated” from a number to an
action. This “translation” can be removed for the players and simply shown by the game
with the use of an AR Dice.
“For example, if the player is rewarded with a special attack decided by chance, then
instead of the numbers of the dice being translated into different types of attacks, the side
that comes out on top after a dice roll could represent the attack, for example a fireball
or a specific weapon”.
This is one way of instant feedback the players can receive which is also one main criteria
in GameFlow. And in other words, a good example where chance leads to instant action.
The AR Dice is not only seen as a tangible game component. Since the AR Dice is
controlling the added CGI layer it can also be seen as a controller. As another respondent
stated:
“The fact that the AR Dice, in this case can take the role of a controller, just like a joystick
for a video game is another interesting part with this design”.
“There could also be more than one AR Dice in the games and the player could decide
which dice the player wants to use, which brings more possibilities and another feeling
that the player has the ‘power’ in his or her decision making”.
Having the feeling of holding something in your hands is important for these kinds of
games. In Monopoly it can be moving the game tokens or holding the currency, cards or
even placing the plastic houses. In Risk this feeling is most apparent while moving the
game tokens in the shape of soldiers, horses, and cannons. If there was an AR version of
either Monopoly or Risk, the AR Dice is seen as important according to the respondents,
if other components would be replaced by technology.
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“Using the AR Dice as a component in AR games can definitely provide the feeling of
materiality. So, to make an AR version of Monopoly and Risk, other components can be
left to a digital version”.
In AR Monopoly the Houses can for example be 3D models. Reducing “unnecessary”
components from board games. Leads to better portability because of its volume loss
factor which makes it easy to take the game with you.
“If you only need the board, an AR Dice and your smartphone and you can technically
play any board game there is and not lose the feeling of the physical components then it
is a very good idea”.
One downside to board games stated by the respondents is the assembly stage, where all
the components are being placed on the board or next to the players. The respondents
stated that this is something that can be annoying and one reason not to play board games.
It can for some games be very time consuming and in the example of both Monopoly and
Risk there are a lot of different components, both playing pieces and cards need to be
sorted for example. If some of these aspects can be automated by the digital platform then
more time can be spent on the actual gameplay. Continuing with the theme of time,
another respondent stated:
“If the game takes a long time to finish and the player wants to take a break it would be
faster and easier to pause and save a digital game than trying to ‘save’ a traditional
board game”.
This also includes helping players remember where they ended the last game session. For
example, how much money each player had in Monopoly or where all the soldiers were
placed in Risk.
The easiest way to use the AR Dice would be to add numbers to the sides. Since this is
the main function of the traditional dice, this is obviously a main function that the AR
Dice also can provide.
“This could be automated by the technology so well, that when the number is noticed by
the smartphone, the player's character or playing piece can instantly move the number of
spaces that was decided by the number rolled”.
In Monopoly the number that the player rolls are the amount that they will move their
playing piece. However, in the game Risk the dice is not representing a distance you can
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move the playing pieces; it is used as a “strength” measuring device. The higher the
number, the stronger the attack/defense.
“In Risk the AR Dice could simply exchange the numbers or at least add different attacks
or defensive moves of the playing pieces, almost like a ‘rock, paper and scissors’ kind of
way”.
The usage of animations is also a contributing factor, and the respondents agree that this
can bring extra “spice” to these interactions. AR in general is a great new technology that
can change game mechanics. Since the added content is decided by the technology,
different players can see different things.
“This is an excellent tool for hiding things and to keep information from different players.
It is traditionally speaking difficult to hide information or for example place traps on a
traditional board game, these features could work so much better in AR”.
Even if the technology can hide information from other players, having the opportunity
for showing facts are seen as important.
“If the amount of money each player in Monopoly has can be visible on the smartphone
it can make things easier and clearer. Just seeing other players' stacks of money can make
it difficult to see how rich every player is, and strategic choices can be made”.
Just like the same thrymd board can be used for different games, the respondents stated
that the AR Dice can have more than one function depending on the game, resulting in
multifunctionality. The number of special dice made in different games are not needed
and every game could theoretically be played with the AR Dice. The game Magic the
gathering was taken as an example where several different dice are being used, all with
different functions that impacts the game. Another game called Story cube was used as
an example by another respondent where the dice have different symbols and are used to
be put together to create a story. This also led to the aspect and the design of the AR Dice.
At this time, the AR Dice was designed with QR codes, but other patterns and designs
can theoretically work as markers. One aspect of having neutral QR codes lets the
designer decide what should be added, this choice leads to new gameplay mechanics.
“Since the dice can act differently depending on the game, the player could in some games
change the odds and the dice could become better for the players”.
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Just like the dice in the game Dice Forge. However, it will be more efficient with the
digital version. The main idea that dice is connected to chance, can in this way be
altered. Another issue with AR games was mentioned:
“What happens if the AR Dice lands on the board?”
Stated one respondent, another one other answered:
“The technological issue of AR markers is that the added CGI layer will be shown above
the marker so if the AR Dice lands on the marker (of the gameboard) it will not be
visible.”
This issue is happening due to the way the 3D layer is projected. Since the 3D layer is
placed on top of the camera layer things that are underneath the CGI will not be visible
through the screen since the first 3D layer will still be visible over the physical
component.
“To fix this issue of clashing CGI content, a rule can be added to any game stating that
the AR Dice should not be rolled on the board, but next to it”.
The respondents stated that is a minor issue since the same issue exists in traditional board
games.
“If the dice, when playing Risk, is being rolled on the board it will most likely hit the
physical playing pieces and maybe it will be hard to know where everything was”.
This is one example of the issue with the physical components of traditional board games.
“Even if these components are important, (the game tokens/pieces) it can be frustrating
to use them specially if they are many and they are small”.
The main issue stated by the respondents where the fact that an AR board game is not the
same thing as a traditional board game and should therefore not be compared. A main
question and main issue with board games are the fact that they are non-digital and the
people playing gets a break from technology and screens (smartphone, computer monitors
etc.). So even if the players are moved from their screens, playing AR games of any sort
will still have mechanics that are only visible through a screen. However, the respondents
stated that:
“This form of activity creates a situation where the people/players instead of talking
online can play a game in the same room, even if is not the same thing as a board game,
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it will be seen as a victory. It can be seen as a tool to bring people together, and the fact
that it is played through a Smartphone might even be a contributing factor to bring more
people to these activities, compared to an ‘boring’ screenless board game. So much is
already happening online, this can change that”.
To eliminate the risk of having too much focus on the screen, is simply to add more
physical components to the AR games. The AR Dice is considered to be a good option as
it requires attention from the player using it, and the other players if the rules state that.
“It can act as a breaking point between the digital and the physical in these activities”.
The AR Dice will instantly create new forms of social interactions.
“As soon as a dice of any form is being used the social interaction of sharing this
component unfolds. The fact that you might need to ask other players to give it to you
causes social interaction, it also gives the feeling of having power”.
But the AR Dice can with its multipurpose and adaptability create new social interactions.
The fact that the result or content is shown through a Smartphone can change everything.
“All the players do not need to see the same result depending on the game. The board,
and the AR Dice can hide information from other players. For example, traps or anything
like that is difficult to hide with traditional board games, but the AR layer can easily make
this happen, since it is visible through the Smartphone''.
One other excellent feature that the AR games have is that the orientation of the 3D
content follows the board. If people are sitting around a table and the players are viewing
the marker from the side, the 3D content is sideways. The players will have different
perspectives on things depending on where they are in relation to the board. This sense
of orientation from traditional board games does not have to be removed and it comes
naturally with the technology.
The mobility of the smartphone makes it easy to bring with you and it is very convenient.
The focus group revealed that in previous play tests made by Lazer Wolf Studios, that
shorter, faster, and more casual games work very well for AR games in general, with
more but shorter rounds is considered to be better since it gives natural breaks in between
the “screen-action”.

54

“The fact that one hand is always occupied is another issue that occurs while using the
smartphone, so some sort of smartphone holders might be a solution for longer games”.
“AR games could potentially become a success even if the target group might be very
specific, it is something brand new and it might take time before people can see the charm
in it, just like VR games which are already out for the public”.
The comparison between VR and AR is important and the fact that VR is considered to
be more expensive and more time consuming when setting up, the risk of VR motion
sickness is also another problem, these are some factors that tells us that AR might be just
as good of a product or even better.
“The smartphone is an excellent platform to use for AR content, it is relatively cheap
compared to HMD’s and almost everyone has a smartphone these days”.
The AR Dice is seen as a new artifact that can create new game mechanics.
“There are new game mechanics that could be explored with this technology which
sounds very promising”.
“New game genres or combinations between traditional board games and AR games can
be created, especially when the AR Dice is an active part”.
“As a complete kit, if this is supposed to work as the reference points of added 3D content
that is supposed to alter our reality, the more pieces that can be used, the better”.
This concludes the result of the two focus group sessions.

5.2 Gameplay specific qualities provided by the AR Dice
The key points of the empirical session and from the experiments themselves result in the
following statements. This information also answers the second part of the design
research question.
The fact that the dice can be transformed in this way and that the technology behind the
AR Dice can be used in several different ways leads to new possibilities and gameplay
specific qualities. The AR Dice makes a very useful new artifact for creating new games,
or new versions of already existent board games. Its multifunctionality makes it one of
the key aspects of this study.
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Another and with that the second key aspect of the AR Dice is the sense of control that it
gives the players. The AR Dice lets the user play digital games and still have the feeling
of the physical dice in one’s hands. Having the experience to be in control or at least to
have the illusion of it is kept from traditional board games altogether. The interaction is
still however, physical when rolling the AR Dice which is considered to be more
enjoyable then using a random number generator.
As the third main aspect the immediate feedback is to be mentioned. After the
multifunctional AR Dice is being rolled the information of the outcome will immediately
be presented for the player to see. This eliminates the “translation” that is necessary for
some games, by giving the player instant feedback on what the outcome is more time can
be spent on playing rather than looking through manuals.
The fourth aspect regards the social interaction. Since the dice is one key component in
many games that gives indirectly reasons for social interaction between the different
parts. This applies to both traditional dice and the AR Dice. The technology can however
provide a new way of how social interaction within the games can take part. The added
3D layer can be addressed to every player or displayed differently depending on the rules
of the game. Not knowing what one player receives can lead to new forms of social
interactions.
In traditional games the AR Dice can, on its own, be added as an extra component to add
visual effects. It can also be implemented in traditional board games to help great games
become excellent by adding new elements. Since the markers on the AR Dice can be used
to display anything with graphics with the usage of a Smartphone, each roll could be
different for each player. If one player is rolling the dice the result could for example only
be visible for that player and the other players remain unknowing of that outcome. One
example of this multifunctionality is demonstrated through the designed game DiceFold.
More information of DiceFold is presented in appendix B.

5.3 Critical evaluation of the design and outcomes
This thesis surrounds the initial stages of designing, creating, and prototyping for a new
component in the context of AR board games. The coding and game development of these
games are lacking and as of right now, you cannot play the games created in this study.
This is however not the purpose of this study. Graphical issues regarding the animations
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and effects can also be seen as dull. The overall flow of the game is presented, and the
demo video describes how the game works and what the player needs to do to win.
However, more work on the animations on the game itself can be added for higher quality.
However, designing an AR game that is well balanced, while developing and adding the
code for it to practically work and also model and texture all the assets whilst rigging and
animating the characters for a completed game is not something one person does alone in
the timespan of this project. The purpose was not to measure the user experience of this
new artifact, but instead to evaluate its functionality and value of the new artifact is of
focus, even if it is contextualized in a new game concept.
Even if the outcomes stated by the respondents regards the AR Dice, the overall function
of the AR technology is very open, and it can be difficult to give a specific answer to
something that can be done in many different ways, this is shown in the way some
respondents answered. The number of respondents might seem low and there is a lot of
information on the context of AR games compared to the AR Dice itself. This was not
meant to be of focus, however, adding these points made by the respondents contributes
to the overall research on AR games, which at this point is very limited.
To complete the design, I had to apply AR technology to a classic tangible artifact, design
for a new game, experimenting with existing board games and finally to create an
application a mock-up of a website was found necessary. To be able to present more
information than that it technologically speaking works, a context and examples are
needed to be made to provide more valuable knowledge.
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6. Discussion
Nelson and Stolterman (2012) states that “every designer must reflect on the substantial
metaphysical issues that arise from a design approach to life” (p. 181). The leading
consequences of this design and the impact it might have is an issue that needs to be
discussed and this chapter will focus on that. The purpose of this thesis and its design
project as stated in 1.2 was to bring new answers to the field of AR in the context of board
games. To clarify in which ways technology can transform a classical tangible artifact
such as the dice and by doing so to endeavor what gameplay specific qualities it can
provide. This study can be compared to previous research and commercial products which
states that technology can be used in this context and that the added content can have
impact on the players and the games.
The key aspect of materiality and the physical components value was a central point made
from previous research. This was also one of the main reasons to work with the physical
dice. The theories presented in earlier chapters were not specifically made for this form
of work but the GameFlow theory and the Three levels of emotional design, each one
under its own aspect, turned out to be very important for this study as they have become
a natural methodological guideline for the design process. The GameFlow theory also
served as base and orientation for discussions during the usage of the empirical method.
The fact that the creators of GameFlow have adapted amendments to their model and that
it can be applied through different contexts means that it can also be useful and adapted
in a study like this. The Three levels of emotional design theory by Norman were guiding
the design process under an emotional light and the fact that the three levels are
surrounding different aspects makes a wholesome outcome. Regarding the visceral and
behavioral aspects of the AR Dice, it is found that the dice arguably stands out to other
dice, with its weight and pattern. However, it is not especially hard to use the artifact, it
rolls just like other dice the only difference is that the outcome is shown through the
screen of a smartphone. However, since it resembles a regular dice, the user receiving the
output in a different way may evoke a different user experience different when using the
AR Dice compared to a traditional one. The first (visceral) and the second (behavioral)
level of emotional design has however influenced the making of the AR Dice.
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This new way of using the dice might cause arguments, and I am aware that some people
might not enjoy the transformation I have given to this beloved artifact. The dice is after
all a very famous and re-designing it might seem problematic.
Even if the main purpose were not to reinvent the dice it can still be considered to be one
aspect that is occurring indirectly. This is something that is hard to avoid since the
outcome of trying to implement technology to a traditional tangible piece will lead to
redesigning. The result clearly states that it is considered to be more enjoyable to use this
artifact compared to random number generator, which is a positive thing. It could be
shown that the problem found in the study by Carter, Harrop and Gibbs (2014) regarding
digitizing traditional games and that the dice is very important can be eliminated by using
the AR Dice. It is possible that it is not something that the player of that specific game
wants, but it is an example of previous literature where it is stated that the physicality of
board games is important.
If the AR Dice would be compared to the “Pixels-dice” for example they are both
recreations of the dice. However, the Pixels-dice looks promising and maybe this way of
enhancing the dice with technology is enough to bring the artifact to digital games. The
AR Dice might not be as efficient as this upcoming product and even if they seem similar
the difference is obvious. If I would compare the AR Dice to probably its closest
inspiration the AR dice tower, there is a clear connection, the markers are similar,
however, the dice tower acts very automatic and just like the Pixels-dice, visual effects
and lights are the only added component. The AR Dice can create new scenarios and
create new social interactions between the players. Leaving the dice so neutral also gives
room for future design and a high level of adaptability. One thing listed as important for
the usage of a normal dice is the tension the user feels, before receiving the result, since
the user needs to scan the surface of the AR Dice this tension remains, giving more feeling
of control to the players.
Since the differences between this project and previous research are many, there are
several aspects that can be discussed further. The context of this new activity of AR games
that is being developed has stated one main issue. This is the fact that it seems like this
new form of games are trying to be a traditional board game with a smartphone. Several
studies including this one mentions the problems that occur by adding screens. However,
I find the specific statement made by one of the respondents very interesting. This regards
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the fact that it can be seen as a new way to bring more players to a similar setting as a
boardgame, all thanks to the smartphone. Technology and the constant grip that it has on
people and the fact that board games can be enjoyed completely non-digital is true, but
that does not mean that there is no room for this new form of games. It is obvious to make
associations between board games and AR games since they both are supposed to be
played together, around a board that is commonly placed on a table and enjoyed with
other people. It just happens to be that the AR games happen to function through a marker
that can be seen and are displayed as a gameboard. The fact that it plays out through a
Smartphone is true, but the fact that people are coming together and interaction socially
and directly with other players is still present while playing an AR game. It creates one
new point of interaction that is not completely digital and not completely analog.
By moving from this criticism of still adding a screen to a non-digital activity, it is already
clear that this form of product will have its specific target group, by making a comparison
between VR-games and AR-games proves this. VR-games and other VR-experiences
have been out on the market for some time and have received criticism, and the target
group for this product is limited, due to its expensive equipment. It is however possible
that AR games can be more attractive to a wider target group since the technology behind
it can be accessed through a Smartphone which many people have today.
The AR Dice can be used as a traditional dice and as a base for other scenarios found in
games. However, the main purpose of the dice and that it is a component for determining
the outcome is one factor that limits the usages. Of course, depending on the game, and
the rules, the dice can be customized by the player like in the game Dice Forge. But trying
to add the AR Dice in traditional games can be found as problematic. While adding more
mechanics that are connected to chance is a possibility, this could turn out to be at the
cost of other important mechanics e.g., strategy or knowledge. This might make the game
not as interesting since more decisions are connected to chance.
The result of this thesis in connection to previous studies presented in chapter 1 and 2 and
the small number of studies made specifically of AR board games proves that technology
is continuing to influence the context of board games. Even if the purpose of this thesis
was to endeavor the ways the AR Dice could work and what it might add to this specific
context more information regarding the overall theme has been established and described

60

in chapter 5. Since the overall context is so present in this study some of the answers bring
more answers on the context than of the actual new artifact.
Technology continues to influence existing artifacts that lead to new interactions and
activities. But as previous studies are stating, if the game is supposed to still be a board
game with AR, then the components from board games need to be active in contrast in an
AR board game the technology can be the main focus point and the components from the
board games are less active.
The AR Dice can be seen as a new artifact that is strongly connected to its context, and
even if it is unique in its own way, it can now act as a specific game component depending
on the game’s rules. However, the choice of designing this artefact in this way was
intended. The established gameplay specific qualities and the fact that it can be modified
to fit it’s given context reveal the ultimate particular in this case.
The multifunctionality that is linked with this technology and especially tied to the AR
Dice is impressive and is difficult to specify, even if there are some specifics found in the
course of this from this study there is arguably more that could be added to this new
artifact. It can be seen as the missing piece in AR games and could potentially become a
very important component for the future game development. The activity of board games
is undoubtedly very popular, and people really enjoy this non digital activity. By trying
to take the most important interactions into a new activity is arguably a good decision.
This is associated with the second key aspect of the AR Dice which is connected to the
sense of control the player will experience. The criteria of feedback deriving from the
GameFlow theory are one of the main features the AR Dice can cover. With the help of
AR, the instant feedback and outcome of dice rolled can be displayed instantly. This is
believed to be very positive. To showcase the function of instant feedback and the
multifunctionality of the artifact is displayed in the demo-video of DiceFold.
Even if the AR Dice was designed for a complete AR game and not as an extra feature in
traditional board games, this is still something that can be investigated further. Not
everything needs to be made with AR. This is just one example of how the dice can be
implemented with AR technology and what value that it gives to the players and the
games.
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6.1 Possible research in the future
There are a lot of different ways the topic of this study can be expanded further since
many other applications are possible and this kind of technology can be applied to various
situations and purposes. For example, the hardware made to scan the object for reference
shows that images or markers do not necessarily be part of the game. Technically and
with high accuracy, the dice could for example be a 3D printed object where the actual
dice alone could act as a marker without the need for markers. Other components of board
games that were not of focus in this study could also benefit from more future research
projects. Previous research could already show how to implement AR technology in the
board itself or playing cards and with this study the dice has become the center of interest.
However, the game tokens as a new starting point is not yet covered. As stated earlier in
this text, the physical components are important for traditional board games and there is
a probability that it can create new interactions if they are implemented with AR
technology.
This study successfully created a new tangible artifact that can be used in different types
of board games. The result and the design established in this project can act as a base for
this future research. Like Buxton (2010) stated in his book: “A large part of the value of
this type of activity stems from the fact that we get to play with what we have built. From
this, we gain experience that can lead to new insights” (p. 409). It can also act as a starting
point for further research.
The last central part of where more research can be made on this topic would be to let
people that play games regularly, test a full version of a new game like DiceFold where
the AR Dice is of central focus. To analyze technically if it is possible and to analyze
where the added quality for gameplay is one thing. But to let people test a fully functional
game and to analyze the experience that it brings to the players is also of great interest.
However, this can only be done when the final working prototype is made. This will also
answer if the artifact is successful based on all the levels of emotional design since testing
it on the target group will give answers surrounding the reflection and meaning of the
artifact. This however requires more practical work and much more research, which will
be the next big step in this project. This will hopefully lead to more answers regarding
the user experience and for creating new enjoyable activities. Last but not least even new
business models can be based on these findings.
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6.2 Conclusion
Summarizing the results of this thesis is the following. The established concept and design
presented in chapter 4 with the end result of the AR Dice practically and technologically
works. Which is not limited to be used in one specific game setting but that it can be
assessed as an independent artifact which can be applied in different types of games, even
if the main mechanics remain the same. The game DiceFold is one example of a game
which features the AR Dice. It can also contribute to gameplay specific qualities in
existing board games and in potential new AR board games, regarding its multifunctionality, sense of control it gives the players, opportunity to give immediate
feedback and new forms of social interaction as presented in part 5.2.
Issues and possibilities have been addressed and several benefits of this new artifact have
been presented in this study. The balance between the digital and the physicality is still
an issue of the context which is hard to balance. However, introducing more tangible
artifacts is arguably one way of calibrating the differentiation between the physical and
the digital world, which is a permanent development process, that is decided by every
single individual. Therefore, the results are hard to generalize as a principle, as some
people will most likely not enjoy the added AR content at first but on the other hand some
people may really enjoy it.
In addition to previous academical work this study and its design project give more
answers to this specific field. The study made by Sasaki et al., (2016) show one way of
adding visual effects to the traditional dice. Their artifact the “AR dice tower” is relatively
automatic, this study adds another way how computer-generated content adds to the dice.
The AR Dice lets the user decide when to roll and when to use the technology which
gives more control to the user and have not been made before. The AR Dice could also
be used to solve the issue stated in the study by Carter, Harrop and Gibbs (2014). By
replacing the dice with a random number generator is already known to be problematic
for the game experience, by adding the AR Dice to any game the physicality of the
traditional dice stays. In comparison to the study by Kurzweg et al., (2020) and the
designed AR playing card characters, the AR Dice does not influence the game decisions,
but it proves that the dice as a medium can be transformed and used as a base for AR
technology to merge the digital with the physical. Compared to upcoming commercial
products, I arguably position the AR Dice next to the Pixels-dice made by Carter. The
63

Pixels-dice is made to keep the traditional usage of numerical dice with found benefits
from technology (lights and Bluetooth), the AR Dice is another example of how the same
base can be used in a different way, but this proves that the traditional dice is being
transformed. Merging classical components from the context of boardgames with AR
technology needs more research and I specifically point out the game tokens / pieces, as
another important part that could be of interest in upcoming studies.
Like the respondents stated in the empirical section: “This form of activity is not the same
as a traditional board game and therefore it should not be compared with each other”.
This is a very important statement that was pointed out. There are several similarities
between them, but the fact that the screen of a smartphone does not need to be an issue
and instead should be seen as an artifact that creates new experiences is a valid point. The
AR board game can now share components from board games such as the board, cards
and now the AR Dice. But the technological aspects are a key function and should not be
seen as something negative, if the AR board game is played with people in the same room,
new forms of social interaction can be created, and the AR Dice can be a part and reason
for these new social interactions. The future of AR board games will show more answers
of what people think about them and if it is an activity the public regard worth spending
time on. Thrymd and Tilt Five are just two examples that will arguably be the starting
point for something new in the commercial field. As of now, critical speculations and
experiments just like in this thesis will be the crucial phase of providing new artifacts and
thereby setting the table, before the public can take part of the action.
In the introduction I quoted Danielsson (2020) which stated that there is no reason to stop
once you have crossed the border between reality and imagination. However, materiality
and the sense of touch is still very important for us humans and before technology can
provide these sensations, combining tangible artifacts with technology can be seen as a
good step in this direction. The AR Dice is one example of how the sense of tangibility
can be kept in a new unique activity that is heavily influenced by technology. I hope that
with this thesis, I managed to convey interest in new technology and the especially the
mix between the virtual and the real world.
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Appendices
Appendix A: Vuforia and Unity
Vuforia lets the developers choose an image track, this technology can be cloud-based or
locally installed on the artifact. The image works as a tracker for the system, if the device
is moved the tracker keeps the graphics in place. The added elements can be in 2D or 3D
format, even animations can be applied. It also includes “multi-target” configuration,
cylinder shaped targets can transform cylindrical-shaped objects. They state that 1 million
different trackers can be processed at the same time. The Vuforia platform is not using
GPS, IMU, Face-tracking. One significant benefit using Vuforia is, enable to maintain
tracking even when the target is out of view, and you can view them from a greater
distance. The Cloud database lets the developers and users store thousands of image
targets if needed (Vuforia, 2021b) The project can then be applied and build for several
different platforms, e.g., Android and iOS. Creating markers can be difficult but Vuforia
provides a tool for checking if the markers are of good quality or not. They also state the
following guidelines of creating markers. Rich in detail: a street scene, group of people,
collages and mixture of items, and sport scenes are good examples. Good contrast: Images
with bright and dark regions and well-lit areas work well. No repetitive patterns: employ
unique features and distinct graphics covering as much of the targets as possible to avoid
symmetry, repeated patterns, and feature-less areas. Format: The image can be in color
(RGB format, not CMYK) or Grayscale (Vuforia, 2021b).
Designed and created for all the creators, it will let you break the barriers of reality –
bring new ideas to life (Unity Technologies, 2021). Unity is one of the leading digital
developing engines. Unity 3D can be used for creating games and is Everything you need
to create and operate your games. Vuforia can be added to Unity 3D and together you can
create AR applications and design for AR experiences. The self-claimed world’s best
real-time development platform can create several different experiences for many
different platforms including for example, PlayStation VR, iOS, Android, and Windows
(Unity Technologies, 2021).
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Appendix B: Rules of DiceFold

DICEFOLD
(Link to demo-video https://www.youtube.com/watch?v=wfCHLKHsugo)
(Link to exhibition website: https://mlundmark.wixsite.com/ardice)
This is the official rulebook of the game DiceFold, designed by Martin
Lundmark and Lazer Wolf Studios (2021). In this book you will find all necessary
information on the game. The game, which is available through the AR Dice
app, is designed for 2 players and lets you control the game board and the
path for your character.
The game is built up of rounds, every round consists of 4 different phases.
On average one game takes around 20 minutes with a total of 8-10 rounds
for each player.
The playing field consists of 13x17 squares with each player starts on in the
middle of the shorter side.
Each player gets to pick one out of three characters, Human, Elf or Dwarf.
Each player also gets a random start kit of gear and weapons.
When the game then starts, the player rolls the AR Dice to receive a tile.
Each player has a total of 12 tiles made from 6 different shapes. The shape
that is rolled will appear in the game and you can rotate the tile and place it
on the field. The Tile needs to be connected to your previous path. Here are
the 6 Tiles, made up of 6 squares.
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The Tiles shape comes from unfolding a cube (which has 6 sides).
When the first player has placed their Tile, the other player rolls the AR Dice
and gets one of the 6 Tiles, they place it and the first Turn ends.
The game moves on to the Move phase. The first player rolls the AR Dice
again, in this phase the player will receive a number between 1-6. This number
is the number of steps you can move your character. Then the second player
does the same.
Randomly on each Tile that is placed there is a monster. If the player moves
its character on this square the monster will appear. If the players level is
higher than the monster, the player will win the fight and receive a new
reward.
To get the reward, the player rolls the AR Dice again, and receives a random
item. The player can then decide if He/She wants to equip the item.
Notes:
If the player does not encounter a Monster the turn ends, and that player
does not get the chance to get a new item.
If the player does not receive a new Tile, the player cannot place a new Tile,
however the player can still move its character.
The player can walk and move on the other players Tiles, however doing so
the player will lose one Level Point for each step taken.
The Game ends when one of the players decide to move up to the other
players start square, this makes the player loose at least one Level point but
the player that ends the game round receives a 3-point bonus for doing so.
Then the final scores are calculated, and the score is shown to each player.
The player with highest total score wins that round. Then the next round
starts and the player that did not start the first time, starts now.
Each round is different since the Tiles are given to each player through
chance. The player can decide the way the path is laid, where the character
moves and what gear the characters have.
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Appendix C: Material for the Empirical Workshop
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