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Augotchi: The Augmented Pet

Exploring virtual companion design in Augmented Reality games
KEVIN BJORKLUND

SIMON ELIASSON

Department of Computer Science and Engineering

Chalmers University of Technology and University of Gothenburg

Abstract

When designing a digital game, the possibilities in terms of functionality and visual design
are endless, which makes it di cult to nd the optimal solution. This is especially true
when exploring the possibilities of new technology or trends, where standards are yet
to be established. One such technology is Augmented Reality (AR), which combines
digital content with information gained from the real world. The focus of the Augotchi
project is the design of a game where the core feature is a virtual companion. The other
essential core feature of Augotchi is the global positioning system (GPS) integration and
the utilization of real world geography, putting an AR aspect into the game. This project
explores how to design a virtual pet being featured in a location-based AR game for
mobile devices.

This thesis covers topics such as provoking emotional engagement in users, involving users
in the design process through co-design workshops and evaluating the results. In this
report, in depth descriptions of the methods used will be explained, the tools that were
utilized will be covered and an extensive description of the nal result will be presented.
This report provides an overview of what was found in relation to developing such an
application, and what questions may arise during the development of a similar game. One
of the main topics of discussion revolves around the largest problem that arose during the
project, which was the acquisition of external testers. Other topics of discussion include
the implications of various features and the impact that location-based AR games might
have on society.

Keywords: Augmented reality, virtual companion, Tamagotchi, application development,
co-design, game design, prototyping, iterative development
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1 Introduction

The company Far North Entertainment, which both thesis students are part of, is a
startup company active in the video game industry. This being the case, the company
is looking for new concepts and prototypes that might turn into its next big project; it
has so far specialized in virtual reality (VR) games, but is also interested in exploring
new areas within digital entertainment. Augmented reality (AR) is one such area that
has shown a lot of promise lately, and it is also related to VR, which makes it a natural
subject of interest for Far North Entertainment. One of the biggest hits in mobile game
history is Polemon GO, an AR mobile game in which players collect magical creatures
found in the real world, which became a worldwide phenomenon upon its release [2, 3, 4].
Not only did it reach over half a billion downloads in just two months [2], it also became a
worldwide news story [4], bringing AR games the attention of the masses. In short, there
seems to be huge potential in the mobile AR market, which means it is also interesting
from a commercial standpoint.

The thesis will therefore consist of developing a prototype of a mobile AR game. The
name of this prototype is Augotchi, which is a combination of the wordaugmented as

in augmented reality, andTamagotchi [5] , which is the game that has provided the main
inspiration for Augotchi's gameplay. Mival et al. [6] describes the Tamagotchi as an
egg-shaped electronic device that features a virtual egg, which hatches and becomes a
creature that needs to be taken care of by its owner. A virtual pet, so to speak. The
name Augotchi thus re ects the two components which are studied in this thesis.

1.1 Aim

The thesis will revolve around exploring AR game design in order to create a better

understanding of how such an application should be developed. The main aspect of the
application, and hence the thesis, will be to create a game in which the player's relation

to a virtual pet is the core feature. For example, in Polemon GO, thousands of creatures

are collected, Itered by power level and then discarded by the player. There seems to
be little emotional connection between the player and the creatures he/she has caught.
What if all the player's energy was to be funneled into one single creature instead, similar
to a Tamagotchi? [7] Does this have a signi cant impact on how the player views the

game and what it is about? These are just a couple of the questions that have been
fundamental to the initial idea of the thesis, which research question is as follows:

What game components are important when designing a virtual pet for mobile
AR games?

The main goal of the thesis has been to formulate a set of guidelines and/or pitfalls that
could help developers in designing an AR application built to emotionally engage people.
While this is the means of achieving the main goal, the aim is to explore ways to develop



a successful entertainment product. Note that it is not obvious that, just because an
application is emotionally engaging, it will thus lead to an improved user experience.
However, this is the underlying assumption which resulted in the overarching theme of
Augotchi.

In order to nd answers to the research question, a mobile game prototype was de-
veloped. Throughout its development, both qualitative and quantitative data from user
testing, co-design workshops and evaluation sessions were gathered, in order to later draw
conclusions regarding what is good or bad practice when developing an application that,
to some degree, relies on emotionally engaging the user. In this report, the study of
the theory surrounding relevant subjects is presented, as well as the methods for how
to perform the development and user research. Furthermore, the technical foundation of
the game is described. This is followed by the three main chapters which describe the
process, the results of the thesis and a discussion surrounding the project.

1.2 Delimitations

The result of the thesis is a mobile game prototype which features a virtual pet, AR
being the fundamental technology used. The content of the game, and the technology
utilized, are of course highly intertwined. Hence, one goal of the thesis will be to nd
out in what ways the two may a ect each other, and determine how to capitalize on it.
Virtual reality (VR) and mixed reality (MR) are other technologies that were considered
early on, but due to time constraints, VR and MR are not part of the prototype. VR and
MR are further described in Section 2.1. AR features that revolve around the projection
of the virtual pet in the camera was also considered, but due to technical constraints,
which would complicate the recruitment of testers, this feature had to be neglected.

1.3 Stakeholders

The stakeholders for the project are the following:
Far North Entertainment - As described in the introduction.

The students - As part of Far North Entertainment, and as students who have
acquired new knowledge and experience through their work on the thesis.

The Users - The people who have tried out the Augotchi application, and who will
potentially use it in the future.



2 Background

In this section, the background of AR mobile games will be briey presented. The
technology will be more thoroughly described and compared with similar concepts, and
some of the mobile AR games that already exist on the market are presented.

2.1 Digital Reality

Before describing in detail what AR is and how it can be used, the di erent forms of
digital realities will be briey presented. These are Augmented reality (AR), Mixed
reality (MR) and Virtual reality (VR). In this thesis, the focus has been AR technology,
with some in uences of MR. VR has not been touched upon at all, but the comparison
of the di erent concepts might clarify what AR is, and what it is not. AR can be de ned
as:

\Computer-generated content overlaid on a real world environment" [8]

This is done by either utilizing data from the real world to dictate what happens in an
application (for example GPS data or camera data), or by projecting digital or virtual
images/objects on top of the real world through the use of a camera or similar. In contrast
to AR, is Mixed reality. MR can be de ned as:

\Virtual spaces where real world objects or people are dynamically integrated
into virtual worlds to produce new environments and visualizations where
physical and digital objects co-exist and interact in real time" [9]

This may be achieved by, for example, mapping the position of an object and placing a
similar looking object in the virtual environment, with the same relative position to the
player as the real world object. The bene t of this is that the user can physically interact
with the virtual and real object (the \MR" object) in the virtual world without seeing

the real object at all, creating the illusion that the virtual object is actually real.

The line between AR and MR is not clearly de ned, however, and there is no exact
description of what distinguishes the two. One way of thinking about it, based on the
previous quotes, is that AR tends to enhance the real world with virtual data, while MR
tends to mix real world data and virtual data to bring forth a whole new experience [10].
However, the usage of the term MR seems to become increasingly obsolete, in favour of
AR, e ectively merging the two. The reason behind this is, as mentioned previously, that
the line between AR and MR is quite di use. Hence, people tend to call all forms of both
MR and AR, just AR [11].

The third concept is VR, which is more straightforward to explain. In VR, there is
no connection to the real world whatsoever. The user, of course, still exists in real space



and might use hardware controllers, motion-tracked or not, but this is not enough to
deter from the essence of VR. As long as the digital world that the user is immersed in
lacks real-time information about the real world, it is called VR [12].

2.2 Mobile Augmented Reality Technology

AR, the transferal of real-time data, from the real world, into the contexts of digital appli-
cations, has become popular in digital entertainment, and in computer science in general
during the last couple of decades [13]. Human-computer interaction has traditionally
been based on the mouse and keyboard setup, which is proven e ective for navigating
through complex systems, managing data and playing games designed for the setup, but
which is also limiting in how and when it is used [14].

With the arrival of smartphones, some of the limitations regarding where and how digital
applications are used has been diminished, and this has opened up possibilities in what
these applications may do. However, many mobile applications still function similarly to
those on computers, with an on-screen keyboard for data input, and nger taps acting
as \mouse" clicks. But smartphones do have something that desktop computers, and
even laptops, do not have: a comparatively high level of portability and ease of access,
making them usable anywhere at any time without much e ort from the user. Combined
with a wide array of technological features, including cameras, GPS, haptic feedback and
internet access, the smartphone is more versatile than a traditional computer [15, 16].

The versatility of the smartphone has opened up possibilities in designing digital ap-
plications, one particular branch being AR applications. The fundamental idea of AR
is to take real-time data from the real world, such as images or video, and project a
digital layer onto it, hence, bringing virtual information to the real world: augmenting
reality [13]. A classic GPS navigation system can be seen as an AR application, as it
presents the user's position in the environment of the real world, with extra functionality
that aids the user in nding her way to a desired destination. So, although this concept
has been around for decades, it has never been as accessible as now. Some of today's
applications use GPS and camera data for certain features, including navigation, public
transit travel planning and social networking. Furthermore, AR has also been utilized in
the development of games [17].

2.3 Augmented Reality in Mobile Games

One of the pioneers of the mobile AR games industry is Niantic Inc [18], which developed
the games Ingress [19] and Polemon GO [3]. Ingress, a game in which the players act as
agents and battle each other in a global war for domination, has more than ten million
downloads on Google Play alone, which is a respectable number. But few, if any, games
can compete with the initial success of Polemon GO. Only two months after its initial



release, Polemon GO was reported by Niantic CEO John Hanke to have been down-
loaded over half a billion times [2]. Niantic approaches the AR concept from a new angle.
Rather than projecting a digital layer upon the real world in order to provide useful
information more e ectively, they use the data in order to transform the real world into
something completely di erent. This is the case in both Ingress and Polemon GO, where
the game world is set in the real world in terms of geography, but where the contents of
the game world are completely ctional. Suddenly, energy portals and magical creatures
are literally scattered across your neighborhood, and with it comes \real" secret Ingress
agents and Polemon trainers that you can meet and interact with [3, 19]. The success of
Polemon GO has proven that AR games have great potential, and that people in general
are open to the concept of playing a game in the \real world". However, much is yet to
be discovered, as the genre is relatively young.

Another game genre that exists in a number of variations on a multitude of platforms is
the Tamagotchi, a digital pet simulator which features a virtual pet, with needs that the
player has to meet in order for the pet to survive and thrive [20]. This genre has also
been adapted in AR, vaguely in Polemon GO which arguably shares some similarities
with the Tamagotchi, but also more directly, such as in Curiopets for iOS, a Tamagotchi-
Polemon GO hybrid, which features real world location integration and projection of the
pet within the camera image [21].

The combination of the Tamagotchi and AR makes for a game concept with a num-
ber of variables that might a ect the user experience and the motivations of its players.
The progression system for both player and pets, based on experience gathering, item
collection and the growth of one's digital companions, is one such aspect. Competitive
features, such as battling in Polkemon GO or playing games with friends in Curiopets, is
another one. Social interactions with other people, that might occur when playing in the
eld, is a third one.

Another possible one, which is the focus of this thesis, is the emotional investment and
attachment that the player has to his/her pet(s). How does this a ect the player's moti-
vation to keep playing the game? If the pet is at risk of becoming sick due to inactivity of
the player, will this motivate the player to take an extra walk around the block in order

to keep the pet healthy? What variables matter when the player decides to, either care
for the pet, or leave it be? Is there any emotional investment at all from the player's
side in such a game, or is it just pure entertainment value that keeps him/her interested?
These are just a handful of questions that could be valuable for any game development
project with Tamagotchi in uences.

2.4 Formal Game Analysis

Exploring already existing applications within the AR game genre was deemed important
in order to understand what has already been done within the eld. Such background
research proved valuable insights throughout the Augotchi project, since it gave us some-



thing concrete to compare the prototype with, as well as a rough guideline when making
decisions regarding the features of the game.

The background research, in this case, consisted of a formal game analysis in which
the game features of Polemon GO and Ingress were taken apart and analyzed in order
to identify their building blocks in terms of game play patterns and game mechanics.
This section will present the results of this formal game analysis. The patterns have been
derived from analyzing the di erent components of the two games. The di erent patterns
are described in a generalized way. In some cases, patterns are hard to describe without
using in-game terminology, and therefore, a vocabulary for these terms will be provided
for each game. There will be some design principles of both games that are identical, or
at least similar to a great extent, and these will be further discussed in the conclusions
section of the analysis.

2.4.1 Formal Game Analysis Conclusion

Polemon GO and Ingress have a lot in common. This is no surprise, since the games
belong to the same genre and are made by the same people. In essence, the games are
the same in most aspects, but with two major di erences. In Ingress, the player must
compete with other players in order to progress in the game. To do this more e ectively,

the player has to interact with other players. This is something that is not necessary

in Polemon GO, which allows the player to play on his/her own and still reach the late
game. The second major di erence is the collecting aspect of Polemon GO, where the
major part of the game revolves around expanding and improving the player's personal
collection of Polemon.

Both games could almost be described as having two main phases when it comes to the
GPS map game play, one which is largely identical, and one which diers a lot. The
common phase is the resource gathering phase, which has the player move around to
di erent portals, or pokestops, in order to gather items from them. Items have the same
role in both games, and act as fuel for the player, since most player actions require these
items. The second phase is related to how items are used. In Ingress, items are exclusively
used in order to either build up portals for the allied faction or destroy enemy portals,
and items are meant to be consumed and used as e ectively as possible. In Polemon GO,
some items work in a similar way, but the e ects of some items are also long-lasting. For
example, In Ingress, you might build a strong portal with rare items, only to see it being
destroyed the next second. Ultimately, your consumed items did not have a signi cant
impact. In Polemon GO, if you spend a lot of stardust, candy and other valuable items

in order to empower one of your Polemon, it is a no-risk, long-term investment. Augotchi
might be a combination of the two, and it will be important to keep both aspects fun
and challenging:

Since Augotchi will feature a pet which needs to be constantly taken care of, it can
be viewed as a constant battle against the system, where the system continuously



draws the pet closer to death, and the player continuously tries to protect it. This
is similar to the constant battling in Ingress, the di erence being that the decline of
one's pet's health will be predictable, while the actions of enemy players in Ingress,
are not.

Since the goal of Augotchi will be to keep one pet alive and thriving, it is also a
long-term investment, like in Polemon GO. As long as you do a good job in taking
care of your pet, there is no risk of losing it, or seeing it get hurt. The question
is then: what happens beyond just keeping the pet alive? How far up the positive
axis can you push it?

One noteworthy similarity between the games is that they both lack a win or lose state.
The reasons behind this are not obvious, and are subject to speculation. Ingress and
Polemon GO have both been on the market for years, and some of the people that
started playing on day one still continue on the very same game session. The games are
designed in a way which makes them, in practice, impossible to fully complete. It seems
like Niantic has decided that the classic aspect of \beating" the game does not t the AR
game genre, and that the developers want their players to be committed to the game in
the long term. Of course, when you develop a game which is free and relies on in-game
purchases, you want your players to never stop playing, so that you maintain a steady
stream of income. But it does not explain why there are no rounds in the game, for
example, by restarting the game state once every few months. If Augotchi is to feature
the death of the virtual pet, this design principle is lost, but it is hard to pinpoint what

it would mean for the players and the gameplay. In other words, two questions worth
contemplating are:

Should it be possible for the pet to die in Augotchi, given what is seen in Niantic's
games, where no end state exists?

If death may occur, how much does it take before it happens?

The way items work in both Polemon GO and Ingress is also worth contemplating. The
idea of having di erent rarities and power levels of items might be useful for Augotchi as
well, if items are to be featured. In any case, there has to be a reason for the players to
move around in the real world in order to justify the AR mechanics, and the collection
of necessary items is a seemingly e ective way to do this. The random generation of
items is also an interesting aspect, since it makes the item gathering less predictable, and
more exciting. The limited inventory space is probably connected to the issue of making
people walk as well, since it makes sure that a player cannot intensely gather items for
a couple of days, in order to not gather items again for another month. The constant
character progress of both games might also be related to maintaining the motivation of
the players. The issue of motivating the players to move around in the world is one that
Niantic has obviously put a lot of thought into solving, and the Augotchi concept will
have to solve this issue as well. Hence, a couple of questions need to be answered:

What are the fundamental motivators for a player to move around in the real world?



How can the motivations of the player be maintained over time?
What are the micro-goals and macro-goals of Augotchi?

Macro-goals are essential to any game; it is what the player ultimately strives to achieve
and de nes the point of taking actions within the game. Ingress only has one identi ed
macro-goal, and Polemon GO has a number of possible goals that might be interesting
to the player. An important structure to de ne for Augotchi is what macro-goals the
players might strive towards, as well as what micro-goals they need to pursue in order to
get closer to said macro-goals.

A full list of all design patterns found in the formal game analysis can be found in
appendix A.



3 Theory

The theory section of this thesis will be dedicated to presenting ways in which a person
may be emotionally a ected by entertainment and games, and how this impacts said
person's willingness to engage in certain activities. This section will also present already
concluded research regarding relationships forming between people and virtual creatures,
as well as how to design digital applications featuring a virtual creature in order to
enhance emotional engagement.

3.1 AR - Benets and Problems

The concept of AR dierentiates from traditional digital applications in a number of
ways. In this section, the possibilities and limitations of AR will be presented in order
to better understand the implications of such technology.

One benet of AR applications that encourage physical activity, is the positive impact
they have on their players. According to the World Health Organization, physical inac-
tivity is the fourth leading risk factor for preventable death worldwide [22]. With physical
inactivity being such a major health problem worldwide, many search for answers for how
to solve this. LeBlanc and Chaput write:

"In July 2016, Niantic released what may be the most successful population
level physical activity program that we have seen in modern history." [23]

This is an astonishing observation, not only as a credit to Niantic as the developer of
Polemon GO, but to the AR game market as a whole, illustrating the potential of the
genre not only as an entertainment medium, but as a health benefactor. The interest
in Polemon GO decreases over time, just like any newly released game. However, data
from Microsoft shows that the game may increase physical activity levels of its players
by about 25%, which is a substantial increase [23].

While increasing the level of physical activity on an individual level, AR games are
bene cial on a societal level as well. One of the areas in which the AR game genre might
be helpful is with the activation of suburban areas that were previously not utilized to
their intended potential:

"Urban planners and designers have spent the last 50 years trying to activate
unused public spaces, create walkable cities and encourage sociability through
urban design. Polemon GO has succeeded, almost overnight, to entice people
of all demographics into the streets of cities around the world. In fact, many
previously underutilized public spaces have suddenly become hot spots for
all demographics, playing Polemon GO and other similar augmented reality
games (ARGs)" [24].



This means that the players of AR games are much more likely to wander areas where
ordinary people would not often visit at all. This is bene cial for several reasons, the two
most important reasons being that people see more of the city, and maybe visit stores that
would otherwise su er from low visitor counts. The second reason is that it might have
people taking di erent routes, which means that the main routes that might otherwise
be cramped and overused, will get some relief.

Even though there seems to be benets to AR games, they might also pose problems.
A new form of advertising illustrates the potential issues of AR. Due to players of AR
games searching for virtual items at set locations, companies that bene t from a higher
customer count may contact the game developers and make deals with them, in order to
have them create in-game sites at the company's grounds, directing players to the shop
through the game. Liberati writes the following:

"We should not underestimate this contaminations between realities because
it is a way to change our world indirectly. For example, this kind of hybridisa-
tion between realities could be used in order to change the relevance of places
in the paramount reality by someone. A big brand could make agreements
with the designers of these games in order to add value to specic places
they are interested in like stores. By making a store a valuable place where
Polemon often appear, the importance of that place in the paramount reality
changes according to the new value acquired in the game. McDonalds is one
of the sponsors of Polemon GO in Japan and they have agreement in turning
every McDonald store into a \valuable" place for the game" [25].

While not an issue in itself, it may become an ethical issue if the user does not realize that
this is happening. More problems that could arise in both a personal and grander scale
is if users who are immersed in AR games do not pay attention to the world around them
while playing. Even if most AR games have heavy warnings for this kind of behaviour,
it is still non-negligible that games like these will cause accidents. Studies estimates that
the AR game Polemon GO caused over 100,000 tra ¢ accidents during its rst year [26].
The notion that AR games can be dangerous is important to keep in mind. However, in
a game that features GPS integration, people will inevitably be active in tra cked areas,
which inevitably will lead to accidents.

3.2 Emotional Engagement in Entertainment Media

Emotional engagement is a vague term with a number of possible meanings. The emo-
tional engagement of Augotchi refers to the virtual pet and its ability to emotionally
engage the player. Hence, the term will, for the sake of this thesis, be de ned as:

The involvement of an agent, through the occupation and attraction of said
agent's attention, by a ecting that agent emotionally.
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According to Bartsch & Vieho [27], there are a number of reasons why people seek
grati cation by consuming media entertainment, reaching from simple emotional arousal
to more abstract motivations such as self-improvement or relationship-forming. Some of
the motivators on their list are:

Mood-management - In uencing one's mood, for example, by watching an action movie
when bored, or simply keeping yourself distracted from negative thoughts.

Excitation transfer - The notion that high suspense, created by fear of bad outcomes,
results in a gratifying feeling of relief when the ending is, in fact, happy.

Sensation seeking - Similar to mood-management and excitation transfer, but with-
out any specic goal. Any sensational experience that triggers a particular emotional
response to a high degree may be entertaining in itself.

Intrinsic motivation - The capabilities of the consumer of any media, including com-
puter games and watching movies, should be challenged by the media in a balanced way,
since this is essential to the consumer's willingness to continue the activity.

Relationship functions of entertainment - Entertainment has an ability to constitute

di erent forms of relationships, such as parasocial relationships; a one-way relationship
between audience and media gures, that act as an extra source of social and emotional
grati cation.

Bartsch & Vieho [27] further classify said factors into two categories which are related
to emotions and functionalities respectively. Making friends and letting out emotions
that do not t in everyday life situations, are examples in the functional category, with
the emotional category containing the sensations of fun, thrill and being moved. These
are not the only emotions that might be in uenced by media, however.

Riva et al. [28] found, in their study of the link between emotions and presence in
VR, that feelings of sadness, happiness, anxiousness and relaxation may be substantially
a ected by the nature of an environment in VR. They also found that a test subject's
presence in the simulation increased with the magnitude of the emotional e ect that the
environment had on them. In other words, a neutral environment did not a ect people
emotionally, and therefore, they felt less present in the simulation. On the contrary, an
anxious environment had a signi cant impact on both emotions and feeling of presence.

One way of getting people involved in media entertainment is the connections they share
with the characters therein. Moyer-Guse [29], in her analysis of entertainment-education
in story-driven media, lists parasocial interaction and liking as two of ve ways in which
people get involved with the characters in media. Liking refers to the initial phase of
involvement, where the audience member judges a character and determines, inter alia,
whether the character is likable or not. Likeable characters may then be subject to
parasocial relationships, which, as mentioned previously, refers to a kind of bond be-
tween a person and a media gure. It has been shown that people have the capability to
perceive gures, with which they have formed parasocial relationships, as role-models, or
even friends. Furthermore, she proposes that a character, with which a person has formed
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a parasocial relationship, increases the persuasive power of entertainment-education, and
hence, its ability to in uence, amongst other things, the behaviour and attitude of said
person.

Choi et al. [30] further strengthen the notion that bonding with characters is impor-
tant when trying to achieve a higher level of emotional engagement, and that human
beings tend to treat characters as social actors if said characters are showing signs of
emotion, either by social cues or facial/body expressions. They further claim, in their
analysis of facial expressions and engagement in decision making games, that:

\These ndings are tantalizing, because they reinforce more general ndings
that people treat computers as social actors when they include appropriate
social cues." [30]

These ndings are also in line with a theory known as the "Media Equation Theory"
[31], which states that people tend to treat characters and places in media as if they were
real people or real places. They further claim that people view computers, running even
relatively simple code, as social actors. This relates to the concept known as anthropo-
morphism, which is presented further in Section 3.3.

In addition to the social aspects of consuming media entertainment, some of the fac-
tors of Bartsch & Vieho 's list are described as vital, for virtual games speci cally, by
Boyle et al. [32]. Challenge, exploration of virtual worlds and opportunities to form
relationships are some of the pathways to game enjoyment, with challenge, followed by
emotional arousal and excitement, being rated the most important by young people aged
18-24. Other motivations mentioned are information seeking and social interactions, as
well as an increased enjoyment from knowledge of the subject of the game, as when play-
ing a sports game while having extensive knowledge of said sport. Coulson et al. [33]
compiles a list of motivations, when playing virtual games, in their analysis of emotional
attachment and interpersonal attachments in video games. The list can be narrowed
down into the following three categories:

Social motivations - Such as wanting to chat with other people, engage in activities
with friends or even nd new friends. This kind of person tends to be drawn to games in
order to interact with others.

Achievement motivations - The desire to achieve something in games. Be it further
developing a character by gaining levels, gathering equipment or completing a di cult
task, such as defeating a hard boss, gathering all stars in a level or beating a worthy
opponent in player versus player combat.

Immersion motivations - A willingness to immerse oneself in the world and story de-
velopment of a game, as well as a desire to continue playing in order to see more of the
story and take part in the plot. Immersion could also be fueled by curiosity, which makes
the player want to further explore the world of the game and discover everything it has
to o er. Another motivation is to avoid stress or problems the user experiences in real
life.
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The authors continued by studying the social and emotional attachments the players
form with the characters of a game over time, and monitored the statistics. In their anal-
ysis, they conclude that researching relationships within virtual environments is, indeed, a
legitimate endeavour [33]. Itis important to note, however, that within the game that the
authors used in their analysis, the characters that the test subjects formed attachments
to were all human-like characters. Since the virtual pet in the Augotchi prototype will
not necessarily be a humanoid creature, it is important to establish what the implications
of a non-humanoid, and even non-living, pet would be.

3.3 Relationships with Virtual Companions

In 2006, in her research on mobile phones and their use, Jane Vincent [34] found that
users may develop emotional attachments to their phones. She could identify an increase
in grati cation and satisfaction of users when they had their phones with them, and she
could see an increase in anxiety, and even panic, when the users were apart from their
phones. She further claims that phones have become part of people's lives, and that
people share their problems, and even happiness, with their phones. It is interesting to
note that this research was conducted long before the big breakthrough of smartphones
[35]. Today, the number of smartphone users have increased signi cantly [36], and it is
also easy to imagine that more powerful and versatile phones lead to an even greater
attachment. It highlights the dominant role of technology in our lives, going from being

a tool to being a substitute for human relationships [7]. The notion that people can form
emotional bonds with an inanimate object, and not just humanoid beings, is valuable
information. However, bonding with characters in entertainment, and bonding with a
useful, technological device, cannot be assumed to depend on the same factors.

In any case, it has been established that emotional bonds may appear between human
beings and characters in entertainment, as well as inanimate objects. A digital compan-
ion would be some kind of hybrid, an inanimate object which is simulated to express the
behaviour of living things. What are the speci ¢ characteristics of human interaction
with such a hybrid?

When human beings look at things they do not fully understand, they tend to apply
whatever attributes they recognize in similar things, to the unexplainable objects. In
extension, when looking at digital or robotical, animated objects, there is a tendency
for human beings to relate what they see in the behaviour of the object to what they
have seen prior in living things, such as animals, or even other human beings [37]. This
method of applying known patterns of living things, to behaviour human beings per-
ceive, but cannot explain, in non-living things, is called \anthropomorphism" [38], and it
is fundamental to being able to form relationships with inanimate objects. An extreme
example of anthropomorphism, is the \pet rock”. In one study, 106 participants were
each given a rock, and were asked to decorate it [39]. Approximately half of the partici-
pants painted a face on the rock, and about half of the participants claimed to have given
the rock a personality, to some degree. The authors try to explain this outcome in the
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following quote:

\A possible explanation for the self extension results could lie in the form
factor of the rock itself. That is, perhaps the spherical rock suggested a
head, which in turn led participants to anthropomorphize the rock and attach
personal meaning to it that they would not have attached to another less
humanlike product\ [39].

This hints that all it takes for a human being to anthropomorphize an object, is for it to,
for example, have a round headlike shape. Indeed, the authors also claim that:

\We showed that the simplest of activities, creating a design on a "pet rock,’'
can lead to feelings that the object symbolizes the self" [39].

If a rock can be perceived as something more than just an inanimate piece of matter,
may it also qualify for relationship forming with human beings? Jen Wrye [40] argues
that, what constitutes a pet is not simply the relationship status between human being
and living entity, such as a man owning a dog, but that an object's \petness" is based on
emotional investment into said object. Furthermore, she claims that there is no inherent
petness to any object. Hence, being a dog does not qualify more as a pet than being
a rock with a painted-on face. In fact, the opposite could be true, since a rock with a
painted-on face has an obvious connection to human investment, while an arbitrary dog
might have had no contact with human beings whatsoever. In short, viewing human-pet
relationships as a social construct, rather than a strictly de ned relationship setup, makes
it possible to view any object, living or dead, as a pet.

However, there are di erences in how dierent objects are perceived, which might af-
fect an object's potential to become, for example, a pet. A study made by Kahn et al.
[41] shows that children treat a stu ed dog di erently than an animated robotic dog.

A particularly interesting nding was that, during the interviewing of the children, the
results were very similar in how they thought they treated the robot and the stu ed dog.
However, when they compared the actual recorded data, there were clear di erences. For
example, the children were much more prone to mistreat the stu ed dog. One explanation
for this could be that the children have previous experience with soft and hard objects,
and know that soft objects, in general, are harder to break. Additionally, the children
could have been taught to be more careful around electronic devices. Although treating
the robots more carefully, when asked, the children answered that they believed both dogs
could hear to the same extent, but when actually looking at the data, the children were
signi cantly more prone to give the robot verbal commands. Regarding these ndings,
the following statement was made, \AIBO" referring to the robotic dog:

\Children also appeared to believe that AIBO was the sort of entity with
which they could have a meaningful social (human{animal) relationship. Specif-
ically, over three-quarters of the children said that they liked AIBO, that
AIBO liked them, that AIBO likes to sit in their lap, that AIBO can be their
friend, and that they could be a friend to AIBO\ [41].
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They continue by concluding that, while most of the children knew that the robotic dog
was not a real living dog, it did not stop the children from conceiving and treating the
robot as such. This further proves that when robots and computers show even minimal
signs of social cues, humans tend to treat the computer as if it was a social agent [41].
That a minimal amount of social cues from a virtual object can a ect the relationship
forming between itself and its owner is further strengthened by Mival et al. [6]. They
describe the interactions of the Tamagotchi as basic, since they only consist of pressing
a few buttons, and point out that strong emotional relationships can still form between
these virtual pets and their owners:

\There have been cases of people treated for depression following the death
of their creature, highlighting how a simple software algorithm based on four
simple rules can truly engage people to form a relationship when correctly
packaged.\ [6]

This claim is further supported by Bloch & Lemish [7], who claim that the Tamagotchi
community has constructed the notion of a \virtual temple", where the players can go
and leave o erings, or prayers, to accommodate those whose Tamagotchis have virtually
left them, and that several support-chat groups exist for both owners of live and deceased
virtual pets. This might seem absurd to some degree, and indeed there are skeptics that
argue that real love can never be obtained from such a bond [42]. Nevertheless, it seems
clear that there are strong emotional feelings involved in these human-virtual creature
relationships.

3.4 Virtual Creature Graphical Design

One aspect of human beings that makes work more di cult for designers, is that they
are really good at distinguishing what looks real and what does not. Furthermore, a
phenomenon which makes this work even more complicated, is a concept known as the
uncanny valley [43]. What this means is that, if something is very close to realistic,
but only slightly diverge from what is to be expected, human beings often view the
thing as appalling [33]. Some reasons why the uncanny valley problem appears may be
that the character, while seeming alive, reminds them of death. Another reason may be
the portraying of humanoid robots in popular culture, that are often viewed as having
superhuman strength and evil intentions. Finally, it may be that they lack emotions and
empathy, which reminds them of the fact that they are not alive, even though it looks
like they are. Koschate et al. [44] further proposes that a solution to the problem of the
uncanny valley e ect is to increase the level of emotion expressed by, in this case, a robot.
They also claim that empathy is a core element of humanness and therefore is important
to simulate if one wants to create a character and make it as human-like as possible. It
is to be noted, however, that the study was made using humanoid robots rather than
animals, so a good question might be, does this apply to animals as well?

15



Figure 1: Mori's uncanny valley graph [1]

In a study, looking into the uncanny valley problem in virtual animals, Schwind et al. [45]
shows that the uncanny valley problem is ever present in zoomorphic characters as well.
However, they argue that the curve might look di erent. They found that photorealistic
rendering gave a high level of familiarity, but also that toon shading (or cel shading) gave
good results in familiarity, aesthetics and realism. They conclude that the cel-shaded cat,
which was one of many cats rendered in di erent ways, is within the safe zone of Mori's
uncanny-valley graph (Figure 1). To support familiarity, they also conclude that:

\For game developers, this means that an animal character should not possess
human expressions, emotions, or speech if a realistic animal character should
be fully accepted." [45]

This means that the human expectation of how a cat should behave needs to be satis-
ed, and that adding human attributes to the cat in order to achieve a higher level of
anthropomorphism only further increases the uncanny valley e ect, since it is not what
humans would expect of a cat. For example, adding facial expressions to an otherwise
ordinary cat, is therefore bad practice, which stands in contrast to the research of Choi et
al. [30], who claim that facial expressions in virtual characters are important in evoking
emotional engagement in the user. This illustrates that there are indeed di erences in
how to e ectively design a virtual animal or virtual humanoid character.

Schwind et al. [45] argue that there are two preferred ways of moving from the val-
ley. The rst way is to increase the level of graphical quality to a photo-realistic level,

whilst maintaining the correct body ratios and matching the human's expectations of
the animals (in behaviour and sound for example). The other method is to stylize or
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abstractify the character to a level where you end up on the other side of the valley. Yet
another note here is that, in the study, only cats were studied. However, it is argued that
it is reasonable to assume that the same rules apply to other animal species.

Avoiding the uncanny valley is important in order to not create virtual characters that
are directly visually o -putting to an observer. While important, it is only one topic of

the theories on why characters are liked or disliked. Coulson et al. [33] claims that there
are three critical factors involved when a player decides on if a character is likable or not:
Physical attractiveness, Social attractiveness and Task attractiveness. The rst property
is simple, and refers to the character's visual appeal. Social attractiveness revolves around
the personality of the character, and how it acts socially. Task attractiveness is arguably
the most interesting one, since it has not been touched upon previously in this theory
section. Task attractiveness measures how useful the character is in a situation, or in the
game/setting as a whole. If a player nds a character useful, he or she is more inclined
to like that character. When considering the personality of the character, the authors
describes it as typically conceptualized in terms of ve big personality traits, also known
as the ve factor model [46]. The traits of this model are: Openness, conscientiousness,
extraversion, agreeableness and neuroticism. This theory does not apply speci cally to
virtual characters, but is used in describing human personality in general. However, it
will not be further elaborated on here.

Choi et al. [30] points out the importance of emotional expressions, on the virtual charac-
ter's part, when trying to evoke emotional engagement from the player. While relevant,
this paper only talks about the connection in a humanoid-user relation and how the char-
acter's humanoid facial expressions in uence the user. It is assumed that this could be
applied to animals as well, but probably not to the same extent. Facial expressions in
animals may be very hard to actually read as a human, but to animals, body language is
more vital than to human beings. This means that, if the body language of the animals

is recreated accurately when expressing the desired feeling, results resembling those of
the authors' research might be acquired [30].

Emphasis should not be put solely on understanding the virtual characters, however.

Coulson et al. [33] stresses the importance of understanding the player observing the
character, as well as the character being observed, and that through understanding, the
mapping between real and virtual people will severely assist in developing more e ective,

believable and entertaining virtual characters. The authors conclude that:

\..,virtual characters evoke strong feelings, and with increasing realism of
both graphical and psychological characteristics, designers and researchers
need to focus not just on virtual characters' appearance, but on their utility,
and how both of these are Itered through the lens of player motivation and
personality.” [33]

This further illustrates the importance of understanding what a player likes to see in a
character, in order to make it likeable, or dislikeable, depending on the context.
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3.5 Researching Emotional Engagement

One way to investigate human{virtual-entity interaction is described by Serholt & Baren-
dregt [47]. They studied robots tutoring children, and the child-robot interaction that
arose in such a setting. The study shows that children tend to reply to the robot as

if it was a human being, for example, by using gestures, nods and facial expressions.
The authors reached these conclusions by observing children interacting with a virtual
tablespace and the tutoring robot, while recording the actions taken by the children. The
observed behavioral cues of the children, such as gestures and where their gaze were, were
then sorted and categorized. The study was carried out over a period of three and a half
months, with most sessions ranging between 10-15 minutes, but there were also longer
sessions of around 40 minutes. It is worth noting that Serholt and Barendregt's study
was focused on children aged 10-13, which is a considerably di erent target group than
the one intended for Augotchi. For Augotchi, the testers are planned to be at least young
adults, and the di erent ages might vary. Another major di erence is that a robot is a

di erent kind of entity than a digital creature.

Direct observation and analysis of behaviour is one way to nd out how e ective an
artifact is in impacting people emotionally. Riva et al. [28], when measuring the emo-
tional response of people experiencing di erent VR environments, used two completely
di erent methods in order to draw their conclusions. The rst being questionnaires and
the second being questions during observation of the participants. In their case, they mea-
sured di erences in mood and immersion by asking the participants to Il out numbered
scales. For example, the participant was asked to answer, on a scale of 1-7, to what ex-
tent the virtual environment was experienced as reality for the participant. Even though
they could reach some conclusions, the authors point out that the sample space was quite
small and that the usage of only self report questionnaires might be a liability.
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4 Methodology

The Augotchi project was divided into a number of phases. The methodology changed
from phase to phase, and the project consisted of four main phases:

Concept development

Minimum Viable Product (MVP) development
Iterative process

Project evaluation

Each of these phases consisted of various amounts of software implementation and design
work. The concept development was pure design work, and consisted of various methods
for re ning the concept of Augotchi and determining what the application was supposed
to feature and how it would look. MVP development was purely technical, and consisted
of programming the rst version of the application, which embodied the concept created
in the concept phase. The iterative process phase was a mix between the two, where
design work and technical implementation were performed in parallel, in order to re ne
and expand the application and the concept. Finally, a brief project evaluation took
place, which was the analytic phase, where data gathered during interviews and co-
design workshops, were analyzed and discussed. In this chapter, the methods that were
planned to be used for the di erent phases are described.

4.1 Concept Ideation
4.1.1 Formal Game Analysis

The formal analysis of game play, which results were presented in 2.4, was based on the
method described by Lankoski & Bprk [48]. Such an analysis is conducted by identifying
the objects, player actions and goals of a game, in order to identify its game play patterns
and then analyze what the roles of the identi ed patterns are. Thoroughly describing the
primitives (Objects, actions and goals) is key to discovering the implications that they
have on the game as a whole. It is also important that the researchers have extensive
knowledge of the game being analyzed, which requires the game to be played many times,
or in the case of the games studied for this thesis, a substantial amount of time. The
formal game analysis was expected to result in a deeper understanding of the two games,
and speci cally to make it possible to draw conclusions regarding Niantic's philosophy
on the design of AR games featuring GPS map integration.
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4.1.2 Quick online surveys

Online surveys is a method designed to result in data about a selected topic, and depend-
ing on the needs of a project, the topic can be anything. However, "Online surveys" is
a broad term. "Internet or Intranet surveys" is one category of online surveys that are
short and quick, as described by Sue and Ritter [49].

4.1.3 Brainstorming

One of the most important methods when conducting concept creation is brainstorming
[50]. However, brainstorming is a broad term which includes a lot of di erent methods.
One thing that is important, no matter what brainstorming method is being utilized, is

to give the participants a question to answer. Brainstorming should always be a task
where the participants are looking for an answer to a question, as it is severely harder
to come up with good ideas if no question is present. These questions are commonly
referred to as "focus questions”, and they are were de ned prior to each workshop, in
order to gain the desired results. During the project, several forms of brainstorming [51]
can be used:

Traditional brainstorming - This is the general brainstorming method. It is
designed to have a lot of interaction and encourage a lot of responses. Traditional
brainstorming is done by asking the participants a focus question and giving them
some time to answer out loud, while recording the answers.

Stickies - This method utilizes post-it notes, on which the users write their answers
to the focus question on, before putting the responses up on display for all to see.
The upsides of this compared to traditional brainstorming is that it feels safer for
the participant to not have to speak out loud in front of an often unfamiliar group.
Additionally, the stickies method helps with neutralizing a dominant member of
the group that could otherwise give a disproportionate number of answers. The
drawback is quite small, being only that it slows down the brainstorming somewhat
since it takes longer to write than it does to speak.

Grids - This method, as the name suggests, starts with the host drawing a grid on a
board. The grid may be 3x3, 4x4 or larger. The host then asks a focus question and
the participants get some time to answer it. When they are done with the answers,
the answer is written both in the header of column x and row y, meaning that the
rst person's answers are placed in column 1, row 1, and so forth. The task for
the participants is then to cross the ideas in the rows and the columns, producing
even more ideas. The positive things with this method is that it produces a lot of
answers from only a few initial ones, and it keeps the group motivated to continue
lling in the grid until all cells are occupied. However, the highly structured nature
of this method can be intimidating to some participants, and additionally, if the
focus questions are poorly designed, it might result in crazy ideas that might not
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be so useful.

Paper swap - In this method, the users take turns and collaboratively write several
series of answers. The host reveals the focus question, and all participants write
an answer on a sheet of paper. The paper is then sent one step to the left in a
ring, so that all participants have swapped papers. Then the focus question is told
again and the participants have to answer it a second time, while building on what
is already written on the paper. This process is repeated until all participants have
given input on all papers, or after a xed number of steps. The positive aspect of
this method is that it is easier for the participant to come up with more ideas if
they have a red line to follow. The drawbacks are that you miss the spontaneous
energy that comes from traditional or full group brainstorming.

In addition to the methods mentioned above, many more methods of brainstorming were
described by Miller, in his book on brainstorming [51].

Before conducting any of the above mentioned brainstorming methods, it is really im-
portant to go through the basic rules of brainstorming with the participants, and during
the process it is important to make sure none of the participants violate these rules. The
rules are speci ed by Miller:

1. Focus on quantity, not quality - During the brainstorming round, it is important
to gather a lot of ideas. To improve the quality of those ideas is supposed to be
done in a latter stage.

2. Withhold evaluation - It is important not to critique an idea during the brain-
storming round, since this might lead to people not wanting to share bad ideas
(which is counterproductive, since quantity is key).

3. Encourage wild, outlandish ideas - Simply put, it is easier to tone down a crazy
idea, rather than making dull ideas interesting.

4. Combine or build on ideas from others - An easy way to get more ideas is to
combine two or more ideas into new ideas.

The expected results from all brainstorming methods are ideas. How many ideas depend

heavily on the number of participants, their mood, the time given to them and the
methods used.

4.1.4 Participatory Design and Brainstorming

When developing new technology it is important to adapt the technology to the user, not
to have the user adapt to the technology. One prime way to achieve this is by involving
the potential users early in the process of designing the technology. This is an aspect
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of participatory design [52] and revolves around having the thought user group assist in
coming up with the technology. This is most often done in the ideation and conceptu-

alization stages of production, especially if the majority of the developers working on a
technology is not the intended end user. Exploratory Design Games [53] is one interesting
approach to participatory design.

4.2 Concept Evaluation

Ideas that are generated have to be ltered, ranked or improved in order to nally pick
what ideas to proceed with. Several methods exist for evaluating the ideas that are found
during the ideation phase of a project:

1. Investing in ideas - Taken from Miller's book on brainstorming, this method
revolves around having the participants spend makeshift currency on the ideas
they think are the best. The idea with the most currency invested into it is then
deemed the best idea. The upsides with this method is that it is intuitive, and that
participants can individually rank the ideas while still producing a collaborative
end result. The drawback is that it might seem a bit childish to some participants.

2. Pros and cons - This method, also taken from Miller's book, is designed for
participants to rank the ideas based on pros and cons separately. The goal is to
rank the cards from strongest to weakest while not revealing what speci c ideas
the pros and cons are connected to. When done, the cards are ipped over and
the results are revealed. The method helps participants see the bene ts and risks
of every option, but it has some drawbacks, one being that the participants may
remember what card they liked and vouch for that regardless.

3. Cost vs. benet matrix - This method was taken from a Power-point presen-
tation by Health Quality Ontario [54]. The bene t cost matrix aims to rank every
option against each other on two axis - namely cost and bene t. After all options
are placed into the matrix, the ones with the lowest cost and highest benet are
selected. In some cases, the cost is most important, when time is short for example.
Sometimes however, cost matters little, and then it is appropriate to select ideas
with higher cost, if they have higher bene ts. It changes on a case by case basis
and is something that needs to be discussed afterwards. A positive aspect of this
method is that it results in a graphical overview of how the ideas relate to one
another. The cons with this method is that it might be hard to place ideas into the
matrix at the correct points, or that it might be hard to pick an idea in the end
anyway.
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4.3 Concept Creation

One useful method for creating a concept is to de ne what is called an MVP. One way
to do so is to lter out a set of critical features that need to be implemented in order to
realize the fundamentals of the concept. Based on the result of the previously mentioned
value-cost matrix the following categories can be derived. Each category loosely repre-
sents one area of the matrix. This idea of creating feature categories from the matrix is
our own invention.

Critical features - Without these features, the game will not be playable. They are
critical to the application and constitute the requirements for the MVP. These features
will be implemented rst, and the category will not be relevant after the MVP has been
developed. This category does not only contain game features, since it also consists of
tasks for programming the technical foundation of the game.

Important features (Highest bene t, high-low cost) - These features are important
for the application in order to make it enjoyable, however, they are not crucial, which
means that the application will still work even if they are not present. Important features
have the highest priority when deciding what to implement in each iteration.

Desired features (High-medium bene t, medium-low cost) - These are features
that are considered to have high value, but that do not belong in the important features
category. High priority, additional content, will be of this feature type, and may be con-
sidered as the \cherry on top". The application will be fully playable and, hopefully,
enjoyable even without these features.

Additional features (Low benet, high-medium cost) - Features that will only

be implemented if there is extra time. While not considered bad ideas, these features
have been determined to have little to no impact on the playability or enjoyability of the
application.

Minor features (Any benet, low cost) - Features in this category are considered
to be quick and relatively easy to implement. The overall application will not be heavily
impacted if some of these are implemented. However, they are considered to be clear
improvements to the game. Furthermore, a number of smaller features might lead to a
greater user experience overall.

Discarded features (Lowest bene t or highest cost) - These are rejected features.

They have been determined to not be implemented, either due to them being considered
bad ideas or because they have a very low bene t-cost ratio.
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4.4 MVP Development and Vertical Slicing

To de ne an MVP is a good way to establish the rst goal of the project. In this thesis
an MVP is de ned as:

A product, featuring the least amount of features, while still being runnable
and qualify as an AR game.

Product-wise and implementation-wise, this MVP is the worst acceptable result of the
thesis. A vertical slice, on the other hand, is a more re ned version of a product which
aims to accurately represent an eventual nal product. A vertical slice in this thesis is
de ned as:

A re ned product, which contains a set of features which makes it qualify as
releaseable, and which accurately represents the potential nal application.

Vertical slicing is a concept derived from agile principles, and is described by Ratner
& Harvey [55]. While not a method per say, de ning a vertical slice is a solid way of
establishing a long-term goal which transcends the short-term goals of each development
iteration, which aids in keeping the tasks of each iteration relevant to the goals of a
project.

4.5 The Agile Development Process

One of the most common software production approached is the utilization of Agile
development methodology. Agile development is a group of applied software development
methods that originates from the Lean manufacturing methods [56]. There are a lot of
di erent frameworks for Agile development, such as Extreme programming, Kanban and
SCRUM. Arguably, the simplest of the agile development methods is SCRUM, since
SCRUM is designed with small teams in mind. It is to be noted, however, that SCRUM
contains a plethora of methods, which means that not all of them have to be utilized
[57].

In SCRUM, there are three di erent roles that are assigned to various team members,
each with its own responsibilities. There is the product owner, who is the person owning
the project or product that the team or company is trying to make. The next role is
the Scrum Master. The responsibilities of the Scrum Master is to guide and coach the
team to achieve the desired result in the desired time frame. This person is also the one
managing the daily meetings, and he or she is also the one who mainly communicates
with the product owner. The nal role is the Team member. The team member is
simply part of the team that is trying to nish the project under the SCRUM Master's
guidance.

A central concept of SCRUM is x length iterations that repeat [57]. Sprints are usually
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between one and four weeks long, but shorter sprints are preferable. Another important
concept of SCRUM is to have a sprint meeting once per sprint (either in the end of a
sprint, or at the start of a sprint). During the sprint meeting, the SCRUM Master reviews
what has been done the previous sprint and the desired results of the upcoming sprint
are discussed. The third important aspect is daily meetings. This is to prepare the team
for the day and make sure that everyone are always sure of what they are supposed to
work on. The daily meeting is traditionally also held by the SCRUM Master. The nal
core concept of SCRUM is the SCRUM Board. A SCRUM board consists of cards that
represent di erent tasks. Depending on their position in the production chain, they are
placed in certain areas on the SCRUM board. This board is in place mainly to grant the
team, as well as the SCRUM Master and product owner a clear visual representation of
how far the project has progressed, and if anyone is stuck and needs help.

The agile cycle for SCRUM is composed of four steps, and repeats once every sprint:
Test the latest changes made in the previous sprint
Evaluate changes made in the previous sprint and the application as a whole
Establish new requirements based on the prior evaluation

Implement or modify features as suggested by the new requirements

45.1 Result Evaluation

Conducting interviews  Cote & Raz give some advice on how to recruit participants
for interviews related to game research [48]. They argue that game research is relatively
easy to conduct, since most games have a well-de ned community organized on speci c
forums on the internet, which makes the target audience easy to nd. However, they
also warn that most people who are active on forums do not necessarily represent the
average gamer, since they are more likely part of a minority of highly dedicated fans of
a speci c game. Once interview participants are found, there are a number of ways in
which interviews may be conducted; ranging from structured questionnaires to more open
discussions. What interview method to use depends on the needs of the project, which
means that it is important to establish what information is sought out prior to planning
the interview sessions.

TLX forms Nasa TLX forms [58] is a useful tool when evaluating a user's perception
of a certain feature. Unlike interviews, Nasa TLX forms result in quantitative data
which measure a tester's experience while performing a given task. These forms could
potentially be used in order to compare di erent features of a game with one another, or
even to similar features in other games.

The y-on-the-wall principles One way of conducting evaluation during the iterative
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process is to meet with the testers and observe them as they play the game. This is
known as the y-on-the-wall principle [59]. If the AR setting causes issues in conducting
such testing, the players could be observed in a manner that resembles the approach
of Serholt & Barendregt [47], in which speci ¢ interactions between the virtual entity
and the players is observed and recorded. Emotional expressions and body language are
examples of events to monitor which could be used in order to measure how emotionally
engaged the players are while playing the game.

4.5.2 Forming New Requirements

During the sprint meeting, either at the end of a sprint or at the beginning of one, the
new requirements or tasks of the next sprint are set. There are a number of approaches to
decide on what features should be brought into the next sprint. For example, instead of
selecting a number of features for each sprint, as one would normally do, one overarching
concept can be selected instead. Exactly how the system is to be implemented is then
decided throughout the sprint, in a manner that resembles rapid prototyping [60]. In any
case, it is important to evaluate the product beforehand and take the evaluation ndings
into account when planning the next sprint. Evaluation data in this case does not need to
be directly gained from external testers, but could also consist of bug reports formulated
by the developers themselves.

When estimating how much time a selected feature requires, several di erent methods
can be utilized. One of them is planning poker [61], with which the team ranks the tasks
in terms of time cost, by using cards that have values in a Fibonacci series of numbers.
Each task is brought up, and the team members then play a cost card, estimating how
much time they estimate the task requires. If someone ranks the card abnormally high
or abnormally low, he or she has to motivate their decision. After discussing the matter,
the group either agrees on how long the task takes, or the mean of the selected numbers
is selected.

4.5.3 Implementation

After new requirements have been established, it is time to implement them. This marks
the beginning of a new iteration cycle.

During the sprints a SCRUM board is used. The exact structure of a SCRUM board,
however, is free to vary, and it can be either physical or digital. The physical SCRUM
board is probably preferable if the whole team is located in the same physical place.
Otherwise, an electronic scrum board may be used. There are many sites online that
provide this type of service. One such is the website Trello [62], which provides a free,
easy to use online SCRUM board.

26



4.5.4 Iteration Stop

When the planned time for the iterative phase comes to an end, the loop is halted and
development is considered done. The reason for choosing an approximate stop date for the
iteration phase is that the product is improved with each cycle, and thus more iterations
equal a better product. The goal is therefore to conclude as many sprints as possible in
a given time frame, rather than setting the total number of nished sprints.

4.6 Interview Data Analysis

In an article by Cote & Raz [48], it is described how you would analyze and interpret data
gained from interviews. Before the analysis of the data can commence, however, the data
has to be transcribed. A question to be answered is at what level to put the transcribing,
but it is relatively straightforward, since the concepts of the game are well known. After
the data is transcribed, Cote & Raz continue to explain the analysis process. Mainly the
task consists of breaking down the data into patterns and putting those patterns into

a theoretical framework in order to draw conclusions. When designing the interviews,
considerations will be made regarding how to best extract data that is related to the
goals of the interview, namely the entertainment value of the game.

4.7 Ethical Considerations

When developing AR games featuring GPS map integration, a long line of concerns
arise. Some of them are connected directly to the users and their well being, other
concerns revolve around their personal information and integrity, and lastly, there could
be concerns regarding such technology's impact on society as a whole.

One concern is that virtual companions, in the not-to-distant future, could gain the
ability gather highly personal data about users, in order to respond to said users more
e ectively, and this type of data is considered to be highly sensitive [63]. As long as the
project does not con ict with GDPR, it will not give rise to any issues, at least from a
legal perspective. In any case, the pet featured in Augotchi was never planned to have
an advanced Al that could, for example, analyze, encode and store data which represents
the feelings of its owner.

AR applications could also have questionable impacts on society. Miguel Sicart expresses
one such concern, namely the implications that AR applications have in regards to com-
mercial rules and legislation in public spaces [64]. He argues:

\GO is a connected network of corporate interests, from the Polemon Com-

pany to google and fast-food companies that have discovered that in AR, pub-
lic space regulations are not necessarily applicable. Public space is threatened
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by an interface that is proprietary, and by the lack of regulations and codes
of practice." [64]

This is certainly something that will have to be kept in mind when developing any kind
of AR application. But as of now, no such codes of practise exist.

One of the most important ethical issues of the Augotchi project is the immediate danger
connected with playing AR games like Polemon GO. This is illustrated by the Polemon
GO application itself, which has warnings that are put in place to remind the player of
these dangers. When starting the application, while the game is loading, the following
text appears:

\Remember to be alert at all times. Stay aware of your surroundings."
Furthermore, every time the game is loaded and opened, a popup is displayed with an
\OK"-button and one randomly selected warning, see the central image of gure 2 below.
Warnings include texts such as:

\Do not trespass while playing Polemon GO."

There are also conditional warnings implemented in Polemon GO. For example, when

the player is moving too fast, obtrusive warnings pop up that remind the player of not
driving and playing the game simultaneously.

Figure 2: Player warnings in Polemon GO

These warnings illustrate the concerns that the developers have regarding how people
play their game, all of which are related to the players physically moving around in
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public areas. Hence, these are ethical issues speci cally relevant to AR games that do
not arise when playing games, sitting down, in the comforts of one's home.

For Augotchi speci cally, it will be important to emphasize these dangers when bringing in
testers. When bringing in testers, these have either come from communities of people who
are accustomed to the dangers of AR, or they have been people that the team has met and
informed in person. Hence, obtrusive popups throughout the game will not be necessary,
as long as the participants have been properly informed, or have previous experiences
with similar games. If a feature of Augotchi di ers from similar games in a way that
could make it more risky, this will have to be conveyed to the testing participants. An
example of such a di erence would he how the game's content is placed in the world.
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5 Planning

In order to reach the goals of Augotchi, this project is divided into a number of phases.
These phases are the conceptualization phase, the MVP development phase, the iterative
development process, and nally, the evaluation phase.

5.1 Conceptualization

The primary goal of the conceptualization phase is to formulate a list of critical features
and/or requirements that will be carried forward to the MVP development phase. This
phase is also planned to explore the possibilities of AR games and virtual pets in general.
Hence, ideation is the core of this phase, which consists of various brainstorming activities
and idea evaluation techniques. A co-design workshop with external participants will be
conducted in order to produce a wider array of ideas.

5.2 MVP-development

During the MVP development, the rst version of Augotchi is planned to be developed.
The features that were selected from the previous conceptualization phase will be ranked
according to the ranking system discussed in section 4.3, and then implemented. The
MVP-development phase of the project is essentially what is called the "initial phase” of
SCRUM, which aims to provide a solid foundation for the future iterative process.

5.3 lterative development

The iterative development phase will consist of a number of sub-phases, divided into
iterative cycles known as sprints. These phases are the planning, implementation, testing
and evaluation phases. During the later iterative phases, when testers have been recruited,
evaluation will be conducted in order to evaluate the changes made during each sprint.
The results of the evaluation are then used in order to plan and execute the next sprint.
The goal of each sprint is simply to improve the prototype and to gather data which may
lead to insights regarding the development of a game like Augotchi.

5.4 Evaluation

During the evaluation phase, the testers will be interviewed in order to evaluate the
prototype as a whole. Data gathered through evaluation sessions during the iterative
process, as well as the data from these interviews, will then be analyzed in order to draw

30



conclusions regarding the development of a game which aims to emotionally engage its
players through a virtual pet.
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6 Process and Execution

6.1 Preparation and Research

The preparation phase of the project included a number of steps, including a literature
study, constructing a time plan, as well as exploration of available technology and possible
methodology. A formal analysis of game play was also conducted, which was presented
in section 2.4

6.1.1 Establishing Roles

Prior to the thesis work taking place, the skill sets and goals of us, the students, were
identi ed in order to plan a thesis that would be well executed in a manner which would
satisfy both parties. While we both had a background in computer science engineering,
our ambitions and interests varied. Kevin worked as a 3D environment artist for Far
North Entertainment, and Simon mainly as a game designer and developer.

This di erence has been important when planning every phase of the project, and a major
part of the iteration planning consisted of balancing the division of labor, so that both
students had an approximately equal workload even though the tasks were of entirely
di erent natures. During the prototype development, this division has primarily been
between programming and graphic assets creation/design. These role di erences have
also been utilized during theory research, to make sure that each topic was studied by
the person for whom it was most relevant. Whenever the workload turned out to be
uneven during an iteration, the freed up student worked on tasks belonging to a shared
pool of tasks, such as Ul creation and planning.

6.1.2 Theory

With both students having little knowledge regarding emotional engagement and rela-
tionship forming between digital artifacts and people, a literature study was conducted
in order to gain a better understanding of said topics. The supervisor of the project
supplied us with some video material and articles that could be relevant, which was a
good starting point for the study. We split the material in two and studied the contents
respectively. The knowledge gained was then shared between the two of us in a small
literature seminar.

The main problem with most of the videos and articles were that they all discussed

contexts in which the digital artifacts were useful to someone in some sense. Most of the
studied videos and literature focused on how to improve certain aspects of human life,
such as elderly care, or the education of children. Augotchi was meant to be a game,
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hence a product supposed to entertain, which made it hard to nd other projects with
the same direct goal in mind. The literature which revolved around digital characters
in games and other entertainment media was helpful for the design of the game and
its character, but did not connect the digital character design to the deeper emotional
engagement that Augotchi would hopefully lead to. Similarly, when studying some of the
literature directly referencing the Tamagotchi, it was established that there were clearly
strong bonds forming between the digital pet and its owner, but nothing was established
about why this was the case.

The studied literature was divided into di erent areas of research and presented in the
theory chapter with these areas as section titles. Each section could vaguely be described
as answering a speci ¢ question:

AR - Bene ts and Problems - What are some general considerations when working
with AR applications?

Emotional Engagement in Entertainment Media - Why do people care about phys-
ically unreachable characters?

Relationships with Virtual Companions - What has already been studied regarding
relationships between people and virtual companions?

Virtual Creature Graphical Design - How should a creature's looks and behaviour
be designed in order to make it e ective at creating such relationships with the
user/player?

The goal of the thesis, following the literature study, became to design a virtual pet
in a game that would adhere to the ndings of the studied literature, and then test if
emotional engagement of the player could be achieved. This is the missing link that the
thesis rst aimed to answer. However, due to reasons described later in sections 6.7.4,
6.7.6 and 6.7.8, the focus question was changed to revolve around the design of a virtual
companion in the speci ¢ AR setting.

6.2 Utilized Technology

Before developing the software prototype, it was deemed important to explore what
features and tools could be gained from already existing solutions on the market. By
using Google, forums and the Unity asset store [65], tools and solutions to most technical
challenges would be found, evaluated and tested, in that order. The process of nding a
solution to a speci ¢ problem was divided into 5 steps:

1. Establish what needs to be solved.

2. Find solutions to the problem.
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3. Evaluate the solutions by looking at descriptions, user reviews, price and examples
of where the solution has been used before.

4. Compare all solutions and rank them based on the needs of the project.

5. Test the highest ranking solution in Unity, declare whether it is viable or not. If it
is not viable, remove it from the list and repeat this step for the next item in the
list.

6.2.1 Platform

When deciding which platform to use for Augotchi, the main criterion was its potential
for AR functionality. The number of device types that were deemed suitable in this
regard was small, not necessarily because the excluded platforms could not do AR at
all, but because of the fact that the good options outmatched the less optimal ones.
A desktop PC, for example, is heavy, unportable and does not usually come with GPS
integration or even a camera built in. On the other side of the spectrum, there is the
Microsoft Hololens, which is a headset-like device speci cally developed with AR in mind
[66]. There are various alternatives to the Hololens as well [67]. However, none of these
AR devices are, even remotely, in a price range that would t the budget of the project.
A platform that is more available had to be found, and the smartphone was therefore the
de facto solution for Augotchi, a choice for which there has been little concern.

The smartphone, as an AR device, has a number of strengths, as described in section
2.2. In addition to the technological capabilities of the device itself, it also opened up
possibilities during user testing, since a majority of people in Sweden already own such a
device. The availability of the platform is also important from a commercial standpoint.
Furthermore, both of us have previous experience in developing for Android, and own An-
droid phones, both reasons for developing for Android speci cally. The phones that were
used during the development were a Samsung Galaxy s5 [68] and a Samsung Galaxy s8+
[69]. These devices are three years apart in terms of technological advancement, which
is useful when developing an application that will, preferably, work on a wide variety of
devices.

6.2.2 Software Solutions

Before heading into the initial design phase of the project, it was deemed important to
have a good grasp of what is possible and not in technical terms. In order to not create
a concept that would be hard to realize within the time frame of the project, a variety of
available software solutions were researched, and a set of applications and APIs [70] were
selected as the foundation for Augotchi. This improved the odds of correctly predicting
the time that the prototype would take to develop, hence improving the work ow and
the chance of the project being a success as a whole. Testing the di erent components
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individually prior to the prototype development also minimized the risk of delays due to
technical issues.

Game Engine

A game engine was required for the prototype to be nished within a reasonable time
frame. It provided that which is required in any game, such as rendering graphics, han-
dling input, playing sounds and managing all the objects within the game. The two game
engines that were considered for the development were Unity and Unreal Engine. Both
would be free to use throughout the project and they are, arguably, the most popular
public game engines of small and big game development companies alike [71].

The game engine that was chosen for developing the Augotchi prototype was Unity [72].
Our previous work experience was one of the reasons for choosing Unity over its contender,
Unreal Engine [73]. The development within the engine would mainly be performed by
an experienced Unity developer, which made Unity an obvious choice, since development
time is sparse and learning a new game engine takes time and e ort. Furthermore, no
critical reasons were found that pointed to Unreal Engine being preferable to Unity, even
when experience is not taken into account. This is due to the fact that Unity does what
is required, and seems to do it well:

It has build support for a multitude of platforms, including Android, but also iOS.

It comes with Vuforia built in, a powerful API for AR camera functionality, which
has been utilized by a number of famous companies, such as LEGO, Disney and
Mercedes Benz [74]. Vuforia is further described in section 6.2.2.

Mapbox has developed an external API for Unity for dynamically loading map tiles
and integrating GPS positioning [75]. This API was tested and veri ed to work
prior to developing the MVP. Mapbox is also further described in section 6.2.2.

Unity features an asset store with a substantial amount of APIs and graphical
assets, some of which are free [65].

This solid foundation of ready-made solutions allowed for the work to be more focused
on the content and elements of the game, rather than solving complex technical issues.
In other words, it allowed for more time to be spent on the actual thesis.

Fundamental AR APIs

Some of the researched features were of higher priority than others. If Augotchi was to
be an AR game, it had to have AR capabilities. The features required were assumed to
be highly complex, hence, not feasible to develop from scratch. Therefore, solutions had
to be found that provided the desired functionality, for free.

Rendering in the Camera View

This potential feature of the application is perhaps the one most connected to the concept
of AR, and it could be supplied by Vuforia, which is an API for rendering 3D models
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within the camera view. It features a number of di erent rendering targets, including
images, cylinders, QR code-like images [76], called VUmarks and more. Unity had re-
cently partnered with Vuforia when the thesis begun, and had built-in support for its
API, which would make it highly stable and comparatively easy to work with. Vuforia
could potentially bring one of the most important functionalities to Augotchi, as render-
ing the virtual creatures in the camera view could possibly be a critical feature of the
prototype. However, Vuforia and its camera integration was never used. This was due to
the limitations it came with. Only a handful of devices were supported by Vuforia at the
time, and it was deemed counterproductive to substantially reduce the potential tester
base.

Vuforia was not the only solution to the camera rendering, however. There were al-
ternatives as well, such as CraftAR by catchoom [77] and Google's ARCore API [78].
Similar to Vuforia, ARCore had a signi cant disadvantage, as it was very young and only
supported an even more limited number of devices, none of which were available during
development.

Dynamic Maps & GPS Positioning

This is the core mechanic of Niantic's games Polemon GO and Ingress, which allows the
real world to become the environment in which the game takes place. In Niantic's games,
real world landmarks, often with cultural signi cance, act as markers on the map. In
order to perform actions in the game, the player must physically visit these landmarks
in order to interact with their respective markers within the application. Curiopets also
uses a similar system. It would be preferable to have such functionality available for the
Augotchi prototype.

There were a number of solutions that claimed to provide this functionality. However,
most of these solutions either had an upfront cost, without any means of trying it out
before purchase, or they simply did not su ce for what was planned for Augotchi. One
promising API was Tangram Unity, which at a rst glance seemed to solve the problem.
However, when tested in Unity, it was concluded that it did not come with a ready-to-use
GPS positioning system, and that the pricing would be far too high, even for a small
prototype [79].

The solution that was the most promising was Mapbox, an API that came with a fully
functional Polemon GO-like map system [75]. It is capable of dynamically loading vector
map tiles and can position the device in the map by using GPS coordinates. This API
was rst tested and veri ed to work on the Samsung devices used by the team, at least
somewhat well. While not perfect, it was decided to be the best available solution. It
also had a generous pricing policy, which allowed thousands of monthly active users for
free. If Mapbox turned out to not be suitable for Augotchi, a custom system would have
to be implemented using, for example, Google's Static Map API for Unity [80].

Secondary & Peripheral Solutions

This section brie y describes some additional ready-to-use solutions for functionalities
that were desired for the Augotchi prototype.
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Speech Recognition

It could be interesting to utilize voice commands in Augotchi as a means of communi-
cating with the virtual creatures of the game. But it turned out to be an unsupported
feature in Unity, which meant an external API or plugin had to be used. The asset store
had a number of priced solutions for speech recognition. Google Cloud Speech Recogni-
tion claimed to be a cross-platform speech recognition tool and it had good reviews [81].
However, there was no way to test it before purchase. Nevertheless, if speech recognition
turned out to be a desired feature, it would be the solution to try rst.

Step & Distance Counter

Keeping track of distance travelled and number of steps taken is a feature which could
be useful, not only for gameplay mechanics, but as a tool for collecting quantitative user
data during testing. It makes it possible to measure the e ort put in by the user while
playing the game, and also makes it possible to see how much the map integration is
actually being used. Pedometer API was free and lightweight, which made it ideal for
the Augotchi prototype [82].

Push Noti cations

Being able to send messages to the user while the application is in the background, or even
messaging them when the application is closed, could be valuable for both the gameplay
and the testing of the application. This is another feature not directly supported in Unity.
Local noti cations are supplied by a free Asset Store asset, called Simple Android Noti-
cations Free, which also had a paid version with extra functionality [83]. This solution
only provided local noti cations, however, and would not be used for sending messages to
the user when the application was closed. Remote push noti cations could be researched
further if an explicit need to use them was encountered during development.

6.2.3 Media Creation

During the project, many types of software would be used, in order to create assets of
varying types. This section will present the software that was used for creating the visuals
and sounds of the project. When looking at the graphics creation, there were two main
types of assets, 3D and 2D. Since 3D and 2D assets were made separately in di erent
applications, they will be described individually. Sound e ects and music applications
are also brie y described.

3D Graphics

Regarding the in-game assets, a decision to use 3D models or 2D sprites had to be made.
In the end, 3D models were chosen as the main graphic type. The reasoning for this was
mainly that 3D models support AR in an elegant way, allowing the user to view the ob-
jects from di erent angles. Another important factor for choosing 3D was the experience
of the developers, meaning that high quality 3D assets would take a comparably low time
to produce.
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After choosing 3D as the main perspective, tools for developing said 3D graphics had
to be chosen. The applications that people in the industry mainly use are Maya, 3D
Studio Max and Blender [84, 85, 86]. The software used by larger companies would most
often be a paid professional program like Maya or 3D Studio Max, depending on the
type of assets required, while Blender is more often used by smaller developers looking
for a free, yet competent, tool. Maya and 3D Studio Max are the most powerful, but
the decision to use Blender for the development of the graphics was still reached. There
were several reasons for this. They are all highly capable applications. One of the main
reasons for choosing Blender is the experience the team already possess with the soft-
ware, reducing time spent on learning the application. Furthermore, out of the three,
only Blender was o ering the full software for free. The nal reason was that there was
no speci c reason not to use Blender. It had all the tools needed for the entirety of the
development cycle, from modeling to UV-mapping, rigging and nally animating.

After researching the concept of the \uncanny-valley" in 3D rendered virtual animals,

it was also concluded that the shading that would be used in the application would be
of cel-shading nature, with the addition of an outline-shader (bundled commonly known
as toon-shading) [45]. For more information about this, see section 3.4. To assist with
the cel-shading, a free asset from the Unity asset store was used [87]. The reasoning
behind this was simply to reduce the development time of developing shader-technology,
allowing for more in depth development of other areas of the application. The shader
was modi ed, however, in order to t the speci ¢ needs of the pet creation. The changes
made are described in section 6.6.2.

2D Graphics

Every 3D model also needs several 2D image components. These 2D images, bundled
together with a set of parameters, are called materials, and are what determine how
the model looks in 3D space. The most basic of these images, or maps, is called the
di use-color-map, also commonly known as the texture. To make these textures, a 2D
picture editing software was needed. Examples of this type of software is Adobe Pho-
toshop, Paint, Gimp and Adobe lllustrator [88, 89, 90, 91]. The decision was made to
utilize Far North Entertainment's Photoshop license, mainly because Photoshop is the
most powerful tool, which gave the team a high level of exibility in what needed to
be created, a exibility that none of the alternatives could compete with. Additionally,

the developers had extensive experience with the software, making the learning process
close to non-existent. To increase the graphical quality, normal-maps would be used in
addition to di use-color-maps. Normal-maps are incredibly hard to make by hand, and

is most often made through baking the map in a 3D program. This being said, a simpler
alternative would be utilized for the project, namely an internet site called \normal-map
online" [92]. This site converts a texture, called a heightmap, into normal-maps as well
as several other map types that could be useful (including specular-, displacement-, and
ambient-occlusion-maps) to further increase graphic quality.

In order to turn all of these components into a material that can be applied to a 3D
model, some additional software is needed. Usually, the 3D modeling program comes
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with a built-in version of this material editor, Blender being no exception. However,
while Blender has a built in material editor, the desire to try alternative software arose,
namely Substance Designer [93]. The reason why this software was brought up was
that Substance Designer might be able to produce a severely better result over that of
Blender's material editor, resulting in a better overall graphical quality. In the end Sub-
stance Designer was used sparsely, since highly complex textures would not necessarily
increase the quality of the game's look.

In addition to what is seen in the game as content, more 2D imagery for menus and
the Ul had to be created. The earlier mentioned Photoshop license for making 2D images
would also to be used in order to make the assets for the Ul.

Sound E ects & Music

Sound is a component in most games, and Augotchi would be no exception. For this
purpose, Audacity [94] was used in order to record and create sound e ects, while FL
Studio [95] was planned to be used in order to compose eventual music. Audacity is a
free audio clip editor, and FL Studio is a powerful tool for creating music, for which one

of the team members possesses a license. Not a lot of consideration was made regarding
these choices, as the sound of the game was regarded as not as important as most of the
other components of the game.

6.3 Methodology Research

The methods used during the project has been acquired in a variety of ways. For the
most part, there has been an initial idea of how to perform certain activities, and this
initial idea has then been expanded upon by further research.

The methods used during the conceptualization phase were broadly de ned early on, with

prior experiences from studies at the master programme as the foundation. Some form
of brainstorming co-design workshop would be planned, and an analysis of similar game
concepts would be performed. The details of exactly how to execute the activities were
then gained from literature.

Similarly, the development phase was determined to feature an agile process, featuring an
iterative development process, that would t well with the goals of the project. However, a
reversed approach was adopted, where the methodology was rst studied, and the details
established based on prior experiences we have and the goals of the project, resulting
in a SCRUM:-like approach which would be exible and allow for radical changes in
planning. The reason behind this was that the estimated time required for the prototype
development could not be determined, as many factors regarding development time were
unknown, and since the planned user testing was also deemed hard to accurately predict.
The goal was to have each iteration span, at most two weeks, and preferably, one week.
What methods to use for each individual activity remained undetermined. These would
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instead be researched and selected when planning each activity.

The ethical considerations for the project was not deemed to be a major issue, since
Augotchi is to be an entertainment product. The ethical considerations mostly regard
how the project itself would be performed, rather than the implications of the end results.
Some literature was studied, and a couple of similar games were brie y analysed, in order
to establish what could go wrong, especially in relation to testers who would be playing
the game in potentially dangerous environments, and whose game-related data would
be collected. For more information on ethical considerations of the project see section
4.7.

6.4 Quick Surveys

A couple of minimalistic surveys were posted on the Polemon GO [96] and Ingress Reddit
[97] pages. The surveys featured one multiple choice question each, which simply asked
the respondents to pick the features and general themes that they liked most about the
respective game. These surveys were posted with two goals in mind. The rst goal was
to get an indication of what people liked most about the games, and what features were
less important to them. The second goal was to see what the response would be, in order
to better evaluate responses to future posts regarding tester recruitment and possible
additional surveys. The gathered data was later converted into a diagram and shared
with the respondents on the forums.

The surveys were constructed using Google forms. The following is the short description
that was posted with the quick surveys:

Greetings!

We are two master students from Chalmers University of

Technology, Gothenburg, Sweden. We are, at the moment,
developing an AR game as part of a master thesis project.
This survey is meant to give us some answers to why
people like to play Ingress, and our hope is that those
answers will help us in the development of our game.

DISCLAIMER: Note that we are not aliated with
Niantic Inc in any way. The answers might be presented
in the nal master thesis report, and they will poten-
tially be used in order to develop a commercial product
sometime in the future. If you do not want your answers
to contribute to any of these causes, please do not respond.

We appreciate your help! Thanks!
Simon & Kevin
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The data from the quick surveys are presented below, starting with the Polemon GO
survey, which was posted on the Polemon GO subreddit, and got a total of 1490 an-
swers.

Figure 3: Summary of the Polemon GO quick-survey responses.

Following are the answers from the Ingress survey, posted on the Ingress subreddit, which
got a total of 996 answers. This survey got less answers, but the percentage of people
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of the community that answered was considerably larger. Reddit stated that 34735
people were active on the subreddit, suggesting that almost 3% of people who were
active answered the poll (compared to the 0.16% people who answered the Polemon GO
poll).

Figure 4. Summary of the Ingress quick-survey responses.

The other category had some highlights regarding features which we had not included in
the list of possible answers. A couple of such answers for Ingress were contributing to the
game by creating new portals, as well as following the narrative and story of the game.
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For Polemon GO, hatching eggs (gaining polkemon by walking long distances) and shiny
hunting ( nding and catching special rare versions of certain polemon) were two features
that got multiple hits.

The surveys were not intended to give a deep understanding of the game play elements
of each game. Rather, it was aimed at giving a clear picture of what made the games ap-
pealing to the players in broad terms. The perhaps most important nding is that players

of both games enjoy walking around in the real world as part of the game experience.
Another nding was that the Polemon GO players enjoyed collecting things to a much
higher degree than taking part in combat. The results from the quick surveys helped
guide the development of the fundamental concept of Augotchi. This can be seen in the
broader themes featured in the game, such as the real world exploration and collection
of items.

6.5 Conceptualization

During the conceptualization phase, the core features of the game were de ned. The
concept of Augotchi has always had a number of features established from the very start.
Some kind of AR functionality, a virtual pet with basic needs, as well as means for the
player to satisfy those needs. However, ideas for what to add to the game in addition
to the basic features had to be generated and ranked in order to better plan what to
implement, and in what order.

Three ideation workshops were carried out, one with the team only, and two in which the
brainstorming rounds were performed by external participants, supervised by us. The rst
workshop was intended to be as practical as possible, where we solely focused on listing
what has already been tried in the genre, and it was heavily in uenced by the previously
conducted formal game analysis. The two later workshops were focused on nding out
what others might think would be fun or important in a game like Augotchi.

The rst co-design workshop took place during the conceptualization phase. The second
workshop took place during the iterative process, and is further described in Section 6.7.5.
The results of these workshops are presented in Section 6.5.2 and 6.7.5 respectively.

Before the rst co-design workshop, an internal brainstorming workshop was carried
out by the team, which was loosely based on the workshops designed for the external
participants. The focus questions were tested out in order to see if they could lead to
valuable answers. There was also an emphasis on not being too crazy in this internal
workshop, since this was the main focus of the co-design workshops. Instead, the aim was
to think inside the box and list items that were considered basic mechanics or features,
so that nothing fundamental was missed.
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6.5.1 Co-Design workshop |

The participants of the co-design workshop were young people, aged between 24-26, that
the team knew. Each group session had one female, and three male participants. There
was no inherent reasoning behind this group division, as it was simply based on the
availability of the participants. Three of Far North Entertainment's employees partook,
distributed over both group sessions. This meant that three out of eight participants
had experience within the eld of game development, but all participants shared an
interest in video games to some degree. Participants not part of Far North Entertainment
were well informed about the fact that professional game developers took part in the
workshop.

The fact that the participants knew the team members was deemed not to be a liability,
since the main reason for holding the workshop was to get new fresh ideas from people
not concerned with any of the limitations of the project. Hence, the team only led the
two sessions, and did not partake actively.

Since the participants were not o ered any compensation for their time, the team deemed
it important to make them feel like they were taking part in a lucrative and professionally
executed activity. Furthermore, the workshop was designed to, rst and foremost, be fun.
Hence, it was thoroughly planned, and the techniques selected with care, in order to meet
the requirement of fun, while still having potential to generate valuable content.

Each group session was expected to last 130 minutes. This time was overshot during
the rst group session by approximately one hour, which led to the second session being
rescheduled. The main reason for this miscalculation was that the discussions that arose
within the group were longer and more frequent than previously anticipated. The partic-
ipants showed that they cared about their answers, and that they did not want to give
an answer that was not well thought-out. The second major miscalculation was the time
between the brainstorming rounds.

The second group session was executed more smoothly, partly due to the time limit
being increased by one hour, but also due to some small changes made to the session
planning. To make things more fun for the participants, the sessions were executed
quite loosely, giving the participants time to discuss things, plenty of time for breaks,
and with an additional twist to all of the brainstorming rounds in order to keep things
interesting. This twist was done by tweaking the brainstorming method of each related
focus question. The feedback that was received from the rst group session was positive
overall, so while some changes were made to the planning and logistics of the second
session, the brainstorming rounds were not changed in any major way.

The following is a brief summary of the methods utilized, as well as how they were
carried out in practise; for more thorough information, see the methodology chapter,
Section 4.1.

Introduction - the students presentet themselves, the project and the workshop.
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First Brainstorming Round - During the rst brainstorming round, a variant

of the "stickies" brainstorming method [98] was utilized. This method revolves
around the participants writing sticky notes with as many answers to the focus
guestion as they can in the allotted time. The twist of this round was a variant on
"mind reader" [98]. Mind reader asks the participants to not answer as themselves,
but pretend to be another person, assigned to them through paper-strip lottery.
The names on the paper strips were people that were in the room, as well as some
famous people. The rst group produced some less valuable answers during this
round, so the number of extreme personalities was reduced for the second group.
Lowering taxes and turning the pet into a wi- access point are examples of such
answers.

Short Break - The participants were given a ve minute break.

Second Brainstorming Round - During the second brainstorming round, the
paper swapping brainstorming method [98] was used, which had the participants
write what resembles stories on sheets of paper. The rst participant wrote an
answer to the focus question on the paper, which was then continued by the other
participants. The twist of this round was reversed brainstorming, and the partici-
pants were asked to answer a reversed version of the focus question. The content
generated by the twist part was not useful, but it was a fun activity for everyone
involved.

Short Break - The participants were given a ve minute break.

Third Brainstorming round - During the third brainstorming round, a variant of

the grid brainstorming method [98] was utilized. This method had the participants
write on post-it notes, answering the three focus questions. They they picked their
two favorite answers, and the host pinned them to the wall in rows and columns.
This resulted in a grid-like structure where the post-its intersected with each other

in the grid cells (see gure 5 below). The participants who had not written the
notes in a particular cell then had to combine the notes into a new idea. The twist
used this time was to exaggerate the focus questions, so more extreme results would
be achieved.

Long Break - A 30 minute break. The participants were o ered co ee and cinna-
mon buns.

First Evaluation Round - In this round, the results of the previous brainstorming
rounds were categorized and grouped by utilizing the quick sort method [99]. After
sorting the ideas, the cost-bene t matrix was used, as described in 4.2. The rst
axis (horizontal) represented the value of the idea in terms of how well it t the aims
of the project. The second axis (vertical) represented which team member would be
hit with the heaviest workload (The participants knew the team, and had a good
idea of what ideas would result in working time for either team member). The
second axis was used mainly for comical e ect, rather than actual cost estimation.
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Figure 5: Result of the grid brainstorming round.

Once the value of each idea had been established, the team would evaluate the cost
of each idea in private.

Short Break - The last 5 minute break.

Second Evaluation round - During this round, a variant of the investing in ideas
method, which is described in Section 4.2, was used, with the goal being for the
participants to pick their favourite ideas from earlier. The host took the more
valuavle half of the ideas from the value axis and spread them across a table. The
participants were given di erent kinds of candy, representing di erent values, and
were then asked to put the candy on top of the ideas. The best ideas were those
that had the most valuable candy placed on top of them.

Outro and Presentation of Results - During this round, the results of the day
were presented, questions were answered, and the participants were thanked.

As mentioned previously, a number of brainstorming techniques were looked into in order
to select a set of techniques that would t the focus questions. There were three overarch-
ing focus questions formulated, one for each brainstorming technique, with corresponding
sub-questions for the di erent phases of the techniques:

Brainstorming round one: If your pet could be anything, what attributes would it
have?
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Brainstorming round two: What activities would you like to perform in order to
take care of your pet?

{ The twist: If you had to harm your pet, how would you do it?
Brainstorming round three had three focus questions:

{ What would be the ultimate achievement in the game?

{ What would be the ultimate item to gift your pet?

{ What is the ultimate talent for your pet?

The questions all relate to the content of the game, in terms of what actions the player
can take, what goals the player might achieve, and what the pet should be like.

6.5.2 Results

In the second evaluation round of the co-design workshop, the participants were to invest
provided currency in the dierent ideas. While there were a lot more ideas generated
in previous rounds, the second evaluation round nally produced the sought after data.

The currency given to each of the participants was distributed as follows:

1x 100 value piece
2x 50 value pieces
2x 20 value pieces
3x 10 value pieces

For the rst group, the values were distributed as stated above, resulting in a total value
of 1080, for the second group it was decided to split up the value tokens some more and
give the participants even more di erent values in order to give them more freedom. The
second group's value tokens still resulted in them getting 1080 total points of value.

In the following list, the results from the nal round of the rst group session are pre-
sented. Note that only the top ten results are covered. The assigned value that each idea
received is written in parentheses after the name:

1. Customizable appearance: (200) This came in at a tied rst place with "Ran-
domized Appearance”, however, the group decided that they were similar enough
to have them as a single point rather than two, and that they did not care much in
particular which one of them was implemented. The participants wished their pet
to look di erent from other players' pets.
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2. Gene manipulation: (175) The participants wanted a way to, over time, shape
the pet to be whatever they desired it to be. This could either be done by feeding
the pet some substance in order to alter it, or by breeding the pet and get new
results over generations.

3. Smart: (175) The pet should seem smart. It should at least seem like it has
intentions, feelings, and that it did things deliberately. To make something truly
smart, so that it actually formed thoughts and intents, were way out of the scope
of this project. However, a simple Al could be implemented that at least gave the
impression that the pet was making decisions and acting the way, say, a cat acts in
real life.

4. Health: (100) Health would be important in Augotchi, both for the pet and the
player. One of the top answers of the quick surveys the exercise aspect of AR games,
which is re ected in this idea. As mentioned, it should be important for both the
user and for the pet, so taking walks together with your pet to promote health for
both parties would be bene cial.

5. Speech & Languages: (75) The pet should be able to communicate with the
player and with other users' pets. To have the pet talk to the player by using speech
was, however, considered weird, since this would probably lead to problems related
to the uncanny valley (see Section 3.4), and this had to be avoided. However, as in
real life, pets communicate to their keepers in other ways, and the same principle
could be implemented for Augotchi.

6. Cute: (60) Human beings tend to care more for cute animals, and thus the group
found it important that the pet that was developed would be perceived as cute.

7. Loyal: (50) The pet should be loyal to its keeper. This would, for example, hinder
the pet from running away, or biting its keeper.

8. Tacit < 3 (50) The word "tacit", followed by an emoji heart, simply implies that
there should be a tacit bond of love between the pet and the keeper, something
that often arise in such relationships in real life.

9. Bring along (50) The pet should be brought along wherever the user goes, some-
thing that is a relevant feature in an AR game like Augotchi. This includes taking
the pet on walks and bringing the pet with you when you travel to di erent coun-
tries. No matter the location, the pet should always be with the player.

10. Random fun (45) Sometimes, at random, the pet should do something cute or
funny to get the user to chuckle. This is also something that pets in real life do.

When calculating the points on the list, the total value does not amount to 1080. As

already mentioned, only the items of the highest value will be presented. What could
also be deduced by looking at the ideas in this list is that several of them are related to

48



making the pet more lifelike, and to make it behave in a desirable way, much like a real
pet would.

Figure 6: The setup for participants investing "currency” in the various ideas

Next, the results from the second group session are presented. This list will also be
limited to ten entries.

1. Customizable (300) It should be possible to customize things. Be it the appear-
ance of the pet, the look of its den, or the garden of the player. This is a bit more
broad then just the notion of a customizable pet appearance.

2. Progress (200) The game must have some kind of progress. The idea is simply to
have the player progress in some way by playing the game, be it leveling up through
getting experience points by performing di erent activities, or unlocking items by
collecting certain items in the world.

3. Appearance (200) Customizable appearance, but not that it could be easily
changed, which was covered in the Customizable idea at the top of this list. Ap-
pearance in terms of how the pet, the terrain and the game looks is important in
general, since it is easier to like a game that looks good.
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10.

. Mood (85) The pet should have some kind of mood. This would impact a lot of

things, from how fast the pet learned (gained experience) to how much health it
gained from walking. The mood would be re ected by the appearance of the pet,
and could be altered by feeding the pet and taking care of it in general. The mood
would also motivate the player to take better care of their pet, in order to keep it

happy.

. Personality (50) The notion of a personality, taking the mood note one step

further. Some pets should react di erently during di erent activities, or when
consuming di erent kinds of food. The personality could be altered slightly by
the player, but in major ways only by completely swapping pets. The notion of
personality was also aimed at making the pet more lifelike, since real pets have very
di erent personalities.

. Lethal (50) The pet should be lethal. This idea, at rst glance, does not seem like

something positive. The idea arose when the group was discussing the appearance
of the pet, combined with the idea of having pets battle one another, and that a
pet that looked as if it was lethal would be a good asset in such a situation. Some
members of the group reveled in the thought of having their pet battle and defeat
other pets, while some members thought this was a terrible idea, and would have
no part in it. The group concluded that battling should be optional, if implemented
within the game.

. Reachable (46) The pet should always be reachable from wherever you are. The

player should always be able to check on it to make sure that it is happy and well.
The pet should also be reachable from the same player account, regardless of device.

. Activities (45) The ability to do something with your pet. The general idea is to

have lots of di erent activities that the player and the pet can perform together.
The activities note is an umbrella term for all of those activities. Among those
were, for example, di erent kinds of mini games, like shing, throwing a ball or
hide-and-seek.

. Upgradable base (40) Have a base or home for the player and the pet that could

be upgraded or improved in some way. Decorating the base was also something
that came up during discussion of this idea. The idea would tie in tightly to the
progress idea further up on this list, where progression would result in decorations
and upgrades for the base.

Stats (27) The concept of stats for the pet. Stats (short for statistics) is a common
notion in many games. For Augotchi, there could be two kinds of stats. The rst
kind of statistic is data presented in a statistic page for the player, where he or she
can see, for example, how many steps has been taken or how long the pet has been
alive. The second kind of stats are certain attributes associated with the pet and its
ability. This is something that can also be seen in many role playing games, with
some example stats being health points, strength, agility and intellect, describing
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how strong, fast or smart the pet would be. If a system akin to pet battling would
be implemented, stats would be useful in order for the battles not to be based purely
on randomness.

Both of the groups did the lists on their own, with no information regarding what the
other group had come up with. It was no surprise that both groups picked categories as
customization, appearance and progress as their top picks of ideas. The importance of
the appearance of the pet can not be overstated, as well as the users ability to customize
it until they feel it's "their" pet, as discussed in Section 3.2, additionally, the appearance
must avoid the uncanny valley described in Section 3.4. Progress is something that we
found to be fundamental to both games we did a formal game analysis on, which can
be read about in Section 2.4, so that both group valued this highly is understandable.
What can be said more is that both groups strove towards making the pet more lifelike in
many ways, through di erent means. The di erences that can be observed was that the
rst group focused more on properties of the pet, and what the pet would do, compared
to the second group which focused more on the game play of the game, and what would
actually be fun to do in a game and how the player would not become bored. Both of
these aspects were considered important prior to the workshop as well, but having these
predictions expanded and con rmed from an external source would prove useful when
moving onto planning the features of Augothci.

The nal observation made from these lists is what actually got implemented in the nal
prototype. The most important idea they picked, that of customizable appearance and
customization in general, is now a central theme in the game. Gene manipulation and
personalities were considered as well, but were deemed hard to realize, given the time
span of the project. However, communication in the form of expressive animations, as
well as mood of the pet were things developed for the game at a very early stage. Some
of the ideas that the participants generated regarding how to make the pet more lifelike
were also implemented. The ideas of stats and an upgradable base were brought up again
in the second co-design workshop (see below) and is thus something that is part of the
nal prototype as well. Tied in with this is also the customization of the base, and the
progress of unlocking and paying for these decorations. For a full list of features in the
nal prototype, see Section 7.1 on the Augotchi prototype.

6.5.3 Feature Categorization and Election

When deciding on what features would be added to the application, the ideas that the
students had generated, and those that arose as a result of the co-design workshop, were
transformed into features and then categorized in terms of importance. This meant that
later, during development, the selection of features to implement each sprint would be
quick and e cient. Several di erent categories were utilized, ranging from the most
important features, to features that were desired, to minor features that could be imple-
mented if spare time was found. When deciding what feature to place in what category, a
simple evaluation was made, in which the feature's cost-value ratio was discussed by the
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team members. The value of each idea was heavily in uenced by the results from the rst
co-design workshop, while the cost evaluation was established by anticipated workload
for each member.

6.6 MVP Development

The MVP development phase was the rst phase of development, in which the rst version
of the prototype was developed, prior to the planned iterative development cycle. The
development sections are named after their respective versions of Augotchi, as they were
published on Google Play. Each version represents a development iteration. In total,
seven iterations took place.

6.6.1 Version 0.1 - First Implementation

After the categorization of possible features. another list of features and mechanics was
constructed with items that would make it into the rst version of Augotchi. The number

of features, as well as their cost in terms of development time, were considered in order
to make the prototype feasible to develop in a two week time span.

The rst week of development mainly revolved around creating the foundation for Au-
gotchi, with the most important part being the pet itself and the system which saved
the pet's status to local memory, and made sure it deteriorated over time, even when the
application was closed. A player object was also created which represents the player on
the map. Similar to the pet, it had a 3D model and animations for walking and standing
still.

The game was decided to be divided into three di erent scenes in order to make each
scene easier to manage and maintain. Each scene also had unique functionalities and
a speci c purpose. These scenes were the world scene, the home scene and the pet
creation/customization scene.

Since the world map integration had already been implemented and tested during the
technology research phase, see Section 6.2.2, not much work had to be done on that
speci c topic. However, some e ort was put into making the game feel smooth and
pleasant. A zoom limit and camera rotation was introduced, with the aim of producing
controls similar to those of Polemon GO.

In general, the work process was smooth, and none of the predicted possible issues arose.
Essentially, all the external libraries, and Mapbox in particular, delivered what was
promised without major complications.

After about ve days of development, the MVP was almost nished, and it became
clear that the time estimation during planning had been severely overstated. Since the
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development started three days early, there was now eight days left until the original
deadline of the MVP. After some discussion, it was decided to expand the MVP and make
it more interesting, rather than entering the iterative process immediately. Technically,
this expanded MVP would still be an iteration, but it would not be based on any feedback
from external testers.

6.6.2 Version 0.2 - Expanded MVP

The most important feature in the expanded MVP was the expansion of the pet cus-
tomization system. Before this expansion, the customization system could result in about
250 di erent pets. This was decided to be lackluster, as it was deemed important that the
player felt that his or her pet was truly unique. Hence, the pet customization had to be
expanded in order to allow for more pet combinations. First, the number of items in the
already existing categories, such as ears and tails, was more than doubled, which would
increase the number of possible pet combinations from about 250, to around 70000.

The next topic of discussion was color, which could be done in a multitude of ways.
Either the pet could simply be one color, which would be the easiest to implement, or
there could be a prede ned set of color patterns for the player to choose from. However,
it was decided that a more sophisticated coloring system would be implemented, which
would paint the pet in three layers, each with its own parameters, similar to how creatures
are painted in the game Spore [100]. The reasoning behind this choice was that, although
it was the most costly solution in terms of development time, once nished, it would
result in an exponential growth of possible combinations as assets were created. There
would be 8 parameters in total, each with a number of choices, which would ultimately
take the pet customization system from about 70000 possible combinations, to over 8
trillion, which makes it unlikely for two players to create the exact same pet.

The next problem to solve for Augotchi was progression. An important part of most
games is that the player feels like he or she is getting somewhere, and that the e ort put
into the game leads to a rewarding experience. The rst MVP de nition of Augotchi
lacked any inherent progress, other than perhaps striving to keep the pet alive for as
long as possible. Next to the customization, this was deemed the most important issue
to solve in the game. A number of di erent ideas and basic concepts had already been
discussed throughout the project, and most importantly, during the conceptualization
phase. Some of the systems that were discussed as viable alternatives were:

Battling: A lot of games have either violent or competitive features that allow play-
ers to compete with non-playable characters and other players alike. One prominent
idea has been to give the pet additional statistics like strength, stamina, agility and
intelligence, which can be trained and maintained for later use in battles against
other pets or wild animals. This system would not necessarily be focused on vio-
lence, but could also feature competitions like running the fastest or jumping the
highest. This would take Augotchi in a role playing game direction, where the e ort
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put in is mainly re ected by the power level of the pet.

Base Building: The player would construct some kind of nest for the pet, which
could passively generate currency and which would have to be managed and fur-
nished. This is a popular concept in many games, including mobile games like Clash
of Clans [101] and browser games like Travian [102], or even Farmville [103]. This
format, in which the player occasionally logs in for short periods of time in order to
check up on things, could work well with the Tamagotchi-like aspects of Augotchi.
However, it would be hard to combine with the fundamental walking mechanics of
AR. In such a case, the base building would probably be combined with some sort
of collection aspect, in which the player collects items for the nest in the real world.

Socializing: To be able to meet other players and their pets within the game has
been discussed as well. A possible friends system could let players help take care of
each others' pets, and game tasks could be implemented which required players to
cooperate. However, it would be hard to test such a system, since it would require
a substantial player base for enough multiplayer interactions to occur. On the other
hand, it could possibly make people more prone to inviting their friends to try out
the game.

Collecting Items: This is one of the fundamental aspects of Polemon GO, and was
the rst solution chosen for Augotchi. One of the reasons being that Polemon
GO players ranked the collection of various in-game objects as the most important
aspect of the game. Another reason was that it was deemed relatively easy to
implement, hence feasible to get done in a stable manner within the remaining
MVP development time.

In addition to clothing items, and a new map marker which allowed the player to collect
them, experience points and player levels were added to the game. This is a simple
feature that gives the player a measurement of how much he or she has played the game,
but would also be helpful to track once data would be collected from the players, since
it would give a clear indication of how much each player played the game.

At this point, some of our colleagues and friends were invited to try out the application
and report any bugs encountered, as well as providing feedback regarding the game and
its features.

6.7 Iterative Development

Iterative development is one of the most common ways to develop software. It o ers high
exibility with ways to rethink and restructure customer requirements. Due to its e ec-
tiveness, it has become one of the most common standards in the industry. Furthermore,
the exible nature of iterative development makes it ideal for this type of project where
requirements can change at any time.
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6.7.1 General methods and Documentation

During the iteration phase of development, some general methods were used. Among
these, the most central was the Agile methods. Several methods were considered, one of
which is the method of SCRUM. However, since a small team of two individuals allows for
more exibility, the method was adjusted to better t the anticipated needs of the project.
Usually SCRUM tends to be fairly strict to t a corporate standard where hard deadlines
are set and have to be followed. For Augotchi, however, the more relaxed version worked
well, since time estimates were often hard to pinpoint and new requirements arrived
almost daily.

Another method used a lot was road maps in various forms. As mentioned previously,
a team of two is easily administrated, and road maps proved to be superior to more
complicated methods, which meant that personal lists quickly replaced the SCRUM-
board, which was used in the start of the project. This made communication highly
important, and the work would probably su er, had not the team been working in the
same physical spot.

A crucial aspect of any project is documentation. Documentation can come in many
forms, from documenting the code a programmer writes, to documenting what certain
people did during certain days. To what level it is necessary to document the work is an
important question which has to be answered. During this project, the documentation of
everything work related have been of high importance. Thus, e orts were made early in
order to automate documentation as much as possible. The manual documentation can
be found in the form of a daily log written by the members of the team. This, however,
was more important during the rst weeks (when nothing yet was being developed) as
well as after the development. The reason for this is a powerful tool which provides
automated documentation, Git [104]. Whenever work was uploaded to the Git cloud, a
comment about the contents was added, and time stamps were automatically generated
as well. This means that every single created le and change in code may be backtracked
to day one, which gives a clear and accurate picture of what work was done, and when.
The second service used which provided automated documentation was Google play [105],
and more speci cally, the Google Play Console [106], which is Google's tool for publishing
Android applications on the Google Play store. After each iteration, a new version was
uploaded by using the Google Play Console, which meant that a history was generated,
containing all previous versions of Augotchi with the respective changes to each version.
This proved useful when writing the report, as there were no doubts regarding what
was done at what point during the project. This does require that the author writes
appropriate release notes to go with every release, a task that was executed with care,
since it is also important to the people who have already downloaded older versions of
the game.

Each iteration, the work was divided between ourselves in a manner that would even out

the workload. When developing a new feature which is content heavy, it is expensive in
terms of time consumed for the programmer at rst. However, if executed and designed
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correctly, once the system is in place, the technical implementation of new content takes
almost no time at all, and the workload is instead shifted to the artist, who needs to
create new time consuming assets for each item handled by the system (e.g carrots for
the farming system). One task in the beginning of almost every iteration, was to assess
the time it would take to implement a new system, and then plan an amount of content
which would take the artist an approximately equal time to create. Hence, near the end of
each iteration, the content and the system were nished at the same time, which resulted
in a smooth and e ective work ow. Furthermore, since the systems were designed to be
easily expandable, the exact amount of content could be either increased or decreased on
a whim, without causing any problems.

6.7.2 Version 0.3 - Player Data Collection

Early on it was established that player data would be gathered and monitored in order
to get a better understanding of how the game was played. Data such as steps taken,
time active and the chosen visuals of the pet could all be valuable information. Far North
Entertainment provided a web hosting service for this purpose.

An SQL database [107] was set up, and API endpoints were created, using PHP [108],
which would allow the application to post the player's data to a database table, which
stored a number of data points, including the ones mentioned previously. It is important
to note that no personal data, such as player location, email address or name, were saved
in this table. The data was anonymous, and used a special value generated by Unity,
as a unique identi er for the device which run the application. This identi er made it
impossible for the team to link player data with any personal information.

6.7.3 Version 0.4 - Player Convenience Update

With the data collection in place, the application was ready for testing. However, before
searching for potential testers, some changes were made in order to prepare the application
for external testers and make sure there were no obvious aws present in the game, as
well as making the pet more personal.

The rst change was to make the pet customization permanent. Once the pet was created,
its looks could no longer be altered, except for changing its clothing. A feature for naming
the pet was also introduced. Some e ort was also put into making sure that the player
would not make unfortunate mistakes. This was done by adding a veri cation popup to

the pet creation, explaining to the player that, once the pet had been created and named,
it could not be altered in the future.

The second major feature of the update was the tutorial screens. Some of the mechanics

in Augotchi are not obvious in how they work, most notably the status values and how
they deteriorate. Tutorial screens were added which explain the game and its mechanics
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in detail, in order to avoid any misunderstandings that could arise.

Since there was some time to spare, a statistics screen was introduced, which let the
player see some of the more important statistics saved in the database. Total steps taken
while playing Augotchi and the total time that they had kept their pet alive are examples

of the data that was shared with the player.

Some smaller features were put in as well. Most notably clothing rewards every time the
player levels up, and a system which spawned map markers di erently dependent on pet
mood.

This was considered a polishing update. Once it was implemented, Augotchi was deemed
ready to be tested by external users on a large scale. Up until this point, the devel-
opment had been focused solely on creating a prototype that would be fully playable,
and which kept a reasonable quality, in terms of both coding and visuals. This goal was
considered met, as so far, development had been free from major disturbances, and since
Augotchi had a number of features not previously expected to make it into the rst tested
version.

6.7.4 Recruiting Testers: Wave 1

With the application ready for testing, a rst attempt was made to recruit testers for the
application. There were two plans for tester recruitment.

The rst plan was to nd at least eight individuals who would like to play the game and
later participate in a couple of focus group evaluation sessions. These sessions would be
hosted in Gothenburg, which meant the participants would have to be able to physically
attend these meetings. The target age group was young people, aged 18-30. The main
platform of recruitment was Facebook and Google+, which had a number of active com-
munities in Gothenburg for similar games like Polemon GO and Ingress. Administrators

in the respective groups were messaged, in order to gain permission to make posts in
these groups, asking for help. The posts focused on recruiting focus group participants,
since they were mainly seen by people from the Gothenburg area.

Since it was anticipated that focus group members could be hard to nd, a secondary
plan was also executed. The quick surveys which had previously been posted on Reddit
had been more successful than anticipated, with more than four thousand responses in
total, and with the posts being highly rated in their respective forums. If at least one
percent of the respondents of these surveys downloaded and played the game somewhat
actively, this would be forty testers, which would be a reasonably sized group to later
work with in various ways. New posts were created and posted in the same forums, in
which we presented ourselves as the creators of the previously popular surveys, asking
for some help with the master thesis. The idea behind this recruitment was that people
would play the game, and data would automatically be gathered in the database, which
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would lead to quantitative data being gathered with little to no e ort required.

This wave resulted in one potential focus group participant, as well as ten downloads
of the game on the Google Play Store. Hence, the rst recruitment wave did not yield
the results that were deemed necessary for the project, and a second wave was therefore
conducted. This second wave is described later in this section.

6.7.5 Co-Design Workshop |1

The second co-design workshop was done in a similar way to the rst. The same groups
as the previous workshop were gathered, and the time and place of this workshop was
similar as well. The di erence, however, was that both group sessions were performed
during the same day, having one session range from 10am to 1pm, and the other from
1pm until 4pm. These sessions were also planned to be longer in order to avoid going
over time. This was important since the groups came one after another, and going over
time would mean that the second group would have to wait.

The rst co-design workshop was aimed at generating ideas for things that the partic-
ipants would want to do in the application, as well as nding out how they would like
to form their pet. The second workshop had a di erent aim. Prior to the arrival of the
participants, in preparation, the team had come up with ve themes that would shape
the game. These ve themes were:

Fighting: A battling system where you would ght with your pet, similar to
Polemon.

Base-Building: A system for customizing your pet's home and/or build a home
for it.

Shops and Economy: Intended to bring some player-to-player interaction, and
make the players able to sell and/or trade things to/with one another.

Questing: A system which would continuously provide the players with tasks to
complete, both in the short term and in the long term.

Socializing: Find ideas for things that players could do together in a multiplayer
environment.

The desired outcome of the second co-design workshop was to be able to expand the game
by picking one of the ve themes to be implemented. All of the themes were designed
so that it would add a new dimension to the game, and thus granting it more depth and
content. When describing these themes to the participants it was kept brief, in order

to avoid skewing the participants' expectations of the themes more than necessary. The
themes should have been familiar to the participants as well, since they had been touched
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upon during co-design workshop 1.

Since the second co-design workshop was to be less divergent than the rst one, it was
more moderated. Not only were the ideas of the participants asked to be realistic (since
the ideas were actually going to be used in order to construct the application). This
time, discussions were quelled when they derailed too far. Furthermore, since three of
Far North Entertainment's employees partook, an education round about game design
was added to the workshop.

Figure 7: The participants evaluating pros and cons of various themes

Following is a brief summary on how the second co-design workshop was carried out:
Introduction - The participants were introduced to the workshop and its goals.
Presentation of themes - The ve themes that they would be working on were
presented. The introduction of each theme was brief in order to avoid in uencing
the participants' perceptions of the themes. It was explicitly pointed out that the
results of the second workshop would be used directly for future development.

Short break - The participants were given a ve minute break.
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Pre-brainstorming round - During the pre-brainstorming round, the group was
asked to once again do a version of the "stickies" brainstorming method, which had
worked well in the previous workshop. The participants were given some time to
answer the focus question and were then asked to pick their three favorite notes to
be pinned to a board. This process was repeated for the ve di erent themes, thus
expanding the concept of each theme.

Picking a theme - During this round, the "pros-and-cons" evaluation method was
used in order to determine what theme the participants were most interested in.
The patrticipants had two cards per theme, one pro card, and one con card. Each
person got to pick one pro and one con, which were then written on the back of the
cards. The cards were shu ed, and then ranked based on what was deemed the
most important pros and the most serious cons. The results were used as guidelines
when picking a theme to continue with. (The results of the cards were not followed
blindly, but gave the participants a guideline for what could be good or bad with
each theme).

Long break - The participants were o ered co ee and cinnamon buns. It was only
a 20 minute break this workshop, based on the insights from executing the rst
co-design workshop.

Post-brainstorming round - A variant of the "mind map" brainstorming method
was used. Three circles were drawn on the board, and then, four post-it notes from
the earlier stages were placed inside each circle. The participants were then asked
to write additional post-it notes that could be added to one of the circles. This
resulted in three di erent concepts. A quick voting round was held, in which one
concept was elected as the nal winner.

Short break & crash course in gameplay design - The participants were given
some time to relax. Meanwhile, a short presentation was held, which presented
theory related to game play design. This presentation was planned to be roughly
ten minutes, but was cut short due to time constraints.

Make a game - During the last round of the workshop, the participants solidi ed
the concept that they had created, by describing it in game play design terms (game
play design patterns and game play mechanics). The results of this round would
be concrete ideas for actual game implementations.

Outro and presentation of results - The participants were thanked and the
nal results were presented. Last minute comments were gathered and questions
were answered.

As with the rst co-design workshop, whenever a brainstorming technique was utilized, it
was important to let the participants know what questions they were expected to answer.
Thus, a number of focus questions were de ned. For the second co-design workshop, they
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1. Pre-brainstorming round: What features/aspects would there be in the respective
themes?

2. Post-brainstorming round: What would be three unique ideas for how the theme
could work in the game?

3. Make-a-game roundHow do you visualize this concept in terms of game play design
patterns and game play mechanics?

Co-Design Workshop Il Results

The desired result from the second co-design workshop was a set of game play mechanics
and a set of game play design patterns. The following list is the results generated by the
participants of the rst group, which decided to explore the theme of base building:

General concept - base building

{ "Albion-esc; you make a foundation and farm mats and put on."
Albion online [109] is a MMORPG that most of the group's participants had
played before. In Albion online, the player rst places a foundation on the
ground, and then head into the world to cut down trees and gather stone in
order to construct a house upon the foundation. The construction process is
modular, giving the player a lot of customization options.

{ "Upgrades of basebuildings."
Due to the modular nature of the construction, there is much room for the
player to upgrade parts of the house in order to increase e ciency in some
way (or simply to make the base more pleasing to look at). This ties in a lot
to the progression and customization ideas from co-design Workshop 1.

{ "If you do not look after your house, you'll have to pay Anticimex to tidy up."
Anticimex [110] is a Swedish company that focuses on pest control, food safety,
moisture control and re safety. The idea behind this concept is that if you
do not take care of your house, it will deteriorate, and you will have to spend
resources in order to keep it tidy. In a sense, the house would have mechanics
similar to the pet's, similar to a Tamagotchi.

{ "Garden! pls pls pls" & "Grow food for pet"
These two post-it notes have a similar meaning. The rst note states "pls"
which is internet slang for "please”, so the author of the note was pleading
for this garden feature to be implemented. The second note state that you
should be able to grow food for your pet in the garden, granting the garden a
purpose, rather than just aesthetically improving the area around the base.

{ "Home base where the pet does not die"

the Tamagotchi concept means that the pet becomes hungry and depressed if
you do not look after it. This idea suggests the pet should not die if it is in
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close proximity to the home or base, giving it another useful purpose.

{ "Send pet on quests to nd materials"
You should be able to use materials to build and construct useful or pretty
things, thus consuming materials. To be able to send your pet to fetch these
well needed materials for you, would connect the pet to the base building,
making the pet more useful.

Gameplay mechanics
{ Walking - In order to get building materials for base construction.
{ Building - The main feature of this concept.

{ Repairing - To look after your base so that it does not deteriorate.

{ Fishing - Nice relaxing activity, not necessarily speci cally connected to base
building.

{ Razing - To be able to raze buildings, in order to make room for other things.
{ Decorate - To make the base look pretty for friends who visit.
{ Seed, water and fertilize - To plant and look after crops planted in the garden.

{ Coloring - To be able to color di erent parts of your base in order to increase
uniqueness.

{ Visiting - To be able to visit friends' bases, see what they have created, and to
invite them over to your base in order to show them what you have created.

{ "Pedestaling" - To show of rare things you have found or constructed on some
form of pedestal. (The word was invented by one of the participants on the
spot).

Game play design patterns
{ Plants - The concept of having crops.
{ Farming - The concept of planting and reaping those crops.

{ Bases - The core concept.

{ Resource management - To be able to decide when and how to most e ciently
spend resources.
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{ Collecting - Collecting rare decorations or plants for your base and make it
look more impressive.

{ Pet nd loot - The pet actively partakes in the base building process.

{ Exploration - To go out in the world and see things you haven't seen before,
and make it feel rewarding.

{ Weather e ects - To have di erent weather in the game that impacts game
play in di erent ways (For a true AR game this would preferably be locally
matched to the real life weather at the players location).

{ Upgrades - Upgrades for the house, base, crops or garden.
{ Income - Some way to earn resources.

{ Player-designed buildings - To have the player be able to design, in more detall,
how the base would look.

{ Upkeep - The concept of paying resources in order to keep the base from
deteriorating.

{ Be more pro cient - To be more pro cient in whatever task you put work into.
{ Safe-zone - As talked about earlier, that the pet would be safe near the base.

{ Seasons - That the seasons of the year would impact game play in di erent
ways.

The second group, instead of picking base-building as a theme, chose to explore the theme
of questing. It is worth noting that base building was one of the top two picks for the
second group as well, but as it got tied for the theme to pick, the hosts stepped in and
settled the tie by picking questing, in order to increase diversity.

General concept - questing

{ "Ongoing story in di erent parts" & "Bond with your pet through the story"
& "Tearful story"
These three ideas had a similar meaning. The concept is clear, namely to have
a story in the game that is ongoing and beautiful, and where you can bond
with your pet along the way.

{ "Quests are of di erent di culties depending on your pets specialization”
Fairly self explanatory, the concept, however presumes, two things. The rst
is that there is di erent types of quests, the second thing is that the pet can
be specialized in some way to be able to more e ectively complete di erent
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kinds of quests.

"Expansions”

Expansions, or downloadable content, is a common game concept. What usu-
ally comes with the expansion of a game is more content and continuation of
the game's story; something that this group was very focused on.

"Rewards that you can customize your pet with"
The rewards for completing the quests could be cosmetic apparel for the pet,
or other items that would alter the pet in some way.

"Social quests where the player would meet other players”

This concept is intended to enhance the meetings with other players while
playing the game, something that is seen in other similar games, which is one
of the genre's unique features.

"Get quests from NPC"

To make games feel a bit more like a living world, instead of empty. Many
games put non-player characters in the game world. The players could receive
tasks from such characters.

"Mini games in the game (For example catch mice with the cat and so on.)"
The concept of having small independent games within the game in order to
get speci c rewards from them, or to make the game more ful lling. There
could be many kinds of mini games, for example shing, which was mentioned
by the previous group. Mini games are also quite common in other games,
including Polemon GO and Ingress.

"Random bases that spawn every day / Attack!"

An example would be combat against a neutral NPC base, such as a bandit
encampment, that would spawn randomly every day, granting the player a
reason to open up the game daily in order to perform this task.

"Go to a location and gather quest items, locations can be famous sites IRL"
IRL is an abbreviation for "In Real Life". This is another example of a type
of quest that have the players explore the world and see famous landmarks,
such as statues or monuments, in order to gather items for the quests that the
player tries to complete in the game.

"Global timed raiding quests”

Yet another example of a possible quest type that could be implemented. The
concept is that the quest is global and timed, meaning that all Augotchi players

get the same quest at the same time. That it is a raiding quest means that it

would require several cooperating players in order to complete the quest.

"Store o ers for quests IRL"
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IRL again meaning "In Real Life". This concept paints the picture of a player
who completes a quest in the game and receives a coupon for something in a
real life shop.

Ending credits

The idea of ending credits is that the developers of the game have a page in
the game stating that they were the ones who made the game. This concept
came up since one of the participants found it reasonable that they would all

be in the ending credits for their hard work, and thus the game needed to have
ending credits.

Gameplay mechanics

{

Tap bulletin boards to get quests - A suggested way to get hold of quests in
the game.

Take care of your pet - While reasonable, it has not much to do with questing.

Get noti cations of quests in the app in the morning, di erent alternatives -
To automatically get the results of yesterday's questing in the form of Android
noti cations, and being able to collect the rewards.

Capture points of interest & put out markers close to where many would have
wanted a marker - These points refer to the same concept, to be able to claim
a location with your marker for some predetermined reason.

Inspect: markers, players and NPCs - Again, NPC meaning "Non-Player Char-
acter". The mechanic refers to the ability of taking a closer look at markers,
players and NPCs.

Walk around - A core mechanic of location-based AR games, and a possible
way to complete quests.

Form teams with other players - As stated earlier, the multiplayer aspect of
any AR game have potential to be a major part of the game. This concept
capitalizes on the multiplayer aspect and how it could be used in order to get
players to cooperate and make something together.

Game play design patterns

{

{
{

Factions - To have dierent factions in the world, each having a personal
standing and relationship status with the player.

Reputation - The standing a player would have with a faction.

Daily quests - Small repeatable quests that can be completed once every day.
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Daily quests that reward reputation - You perform daily tasks for a faction,
and they like you more as a result.

Relatively small pool of possible daily quests - If the player has too many
di erent things to do every day, it might lead to the player becoming over-
whelmed and confused. Furthermore, a small number of daily quests would be
easier to implement.

Daily quests appear in a speci c place and at a speci c time, xed locations
for daily quests & nd NPC at the map to get the quest - These three ideas all
point toward the concept that quests should be received at xed points, and
at the same time every day, so that the player can plan accordingly.

Wandering quest givers - The opposite of the previous list item. A quest giver
that wanders around and can be found almost anywhere. What this does is
giving the player a sense of variation and exploration.

Player created quests that can be put up on quest boards (that can be found
all over the place) - The players themselves can give quests to other players,
this is again to strengthen the multiplayer aspect of the game, and to have

players working together. Also, if players create the content for fellow players,

the game may feel a lot less shallow.

"War" as in Ingress between factions - The concept here is simply to implement
a system which resembles that of Ingress, in which players combat each other
for control over map locations.

Escort quests - This is another type of quest, where the player has to walk
with an NPC to a certain point, protecting it along the way.

Completing quests with other players grant more XP - XP here is a gaming
term for "experience points", it is the primary way to level up in many games,
and a common reward. This could also improve on the multiplayer aspect.

Relatively easy to complete - This concept suggest the quests should be rela-
tively easy to complete. Players should not end up stuck with di cult quests.
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Figure 8: Re nement of the various themes

It is hard to compare the groups' answers with one another, since they focused on entirely
di erent aspects of the game. However, it can be determined that the results were in line
with what was desired. And even more so, the di erent themes the groups explored works
well with one another. Questing is a "granting" activity, meaning that the player invests
time into it, and gets resources, materials or other rewards a a result. Base-building is a
"consuming" activity, meaning that it consumes resources and materials when the player
constructs things. These two coupled together gives the player a clear game play loop,
where he or she completes quests for resources, and then spends them by building and
improving the base.

Both groups focused on what would actually be done in the game, probably because
the task was formed in a way that would promote such an outcome, but what is more
important is that both groups seemed to take multiplayer into account, and made it a
central aspect of both concepts. Also what is interesting to compare is what the groups'
concepts looked like compared to what actually got implemented into the game. While
many things di er, more on the questing/story front that the base-building, many of
their concepts actually made it into the game.

6.7.6 Recruiting Testers: Wave 2

During the development of version 0.5, a second wave of recruitment e orts took place.
While the ten downloads from the rst wave was not considered terrible, a majority of
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the new players simply started the application, created their pet and then never opened
the game again.

In the second wave, an attempt was made to make the online recruiting more personal.
A video was made in which one of us voiced a script which explained the goals of the
thesis and how the viewer would be helping by simply downloading and playing the game.
Throughout the video, there was game play footage of Augotchi, so that the viewer would

get an idea of what the game is like.

We also asked for help on their personal facebook pages, seeking focus group participants,
which could be friends of friends or family.

The second recruitment attempt did not yield any new potential focus group participants,
but did lead to a total of 48 installs, which was an acceptable number. However, the
number of people who actually played the game was still too low to be useful, as most of
these individuals were the ones already being part of the project through the co-design
workshops. A third wave was therefore conducted during the later stages of the project,
which is described later in this section.

6.7.7 Version 0.5 - Augotchi 2.0

The second co-design workshhop had resulted in two new concepts being formed for
Augotchi: base-building and questing. In addition to these concepts, some other issues
had been identi ed that needed to be addressed in order to improve Augotchi's game
play. The new systems which make up the base-building, farming, shopping and questing
mechanics were all introduced in 0.5, and are all part of the nal result. This section
will instead focus on the changes made to the already existing features of the game, even
though the development of the new systems was the main focus of this iteration.

The rst major change was the redesign of the marker system. The previous system was
considered boring and too repetitive, since the markers were always visible, and since their
positions had low variety. The issue with the markers being visible was that, whenever

a rare marker spawned, it was immediately seen by the player, and the game therefore
revolved around grabbing random markers until a rare marker spawned, in which case,

it was hopefully in a reachable spot. The feeling of walking away from a rare marker

simply because it was unreachable, or because it was in the wrong direction from where
the player was heading, was an unsatisfying one.

Hence, the decision was made to make all markers invisible, and in order to compensate
for this, triple the total number of markers. Whenever the player approaches an invis-
ible marker, it pops up on the map. Marker generation was also remade. Previously,
the markers had spawned in a ring around the player, and once a marker was taken, all
markers disappeared, and a new ring was spawned. The idea behind this design was to
make Augotchi playable anywhere at any time, as at least one marker would always be
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in a reachable spot. This principle was kept in the new system, which features a "cloud"
of markers, which spawns semi-randomly around the player, and which dynamically re-
generates itself as the player moves. Eight markers are still created in a circle around
the player, but in addition to these eight, sixteen markers are also created completely
randomly. The intention of these changes was to make the game feel more unpredictable,
entice a feeling of exploration and make the nding of rare markers feel more signi cant.
In essence, it was an attempt to make the game more exciting.

Another major change was the remake of the pet resurrection mechanic. Previously, when
the pet passed out, the player had to gather ten hospital markers in order to revive it.
This system had to be re-implemented due to the previous marker changes, and was done
SO in its entirety. Instead of gathering ten hospital markers, the pet is now revived by
using a special item, which can be found on the map in the shape of a rare marker. The
idea behind this change is that players that keep their pet alive for longer periods will
typically have this special item available, should the pet pass out. If the pet passes out
without the player having the revive item available, the player's punishment is a bit more
arbitrary, and less predictable. The punishment still involves walking, but the distance
changed from a xed 3-4 kilometers to anything between 500 meters to, theoretically,
in nity (Since it was now based on a randomized element).

6.7.8 Recruiting Testers: Wave 3

Since the second recruitment attempt did not result in a desired outcome, it was obvious
that presenting the thesis in June would not be possible if any signi cant external user
testing was to take place.

A new plan was devised with the aid of the supervisor in which we would contact upper
secondary schools in Gothenburg, in order to see if there would be an interest among their
pupils to participate. Emails were sent out in waves to all upper secondary schools, and
their respective principals, in the Gothenburg region. The mail explained brie y what
the project was all about, and that we needed help over the summer.

An issue that had become clear to both students was that a game like Augotchi is rela-
tively hard to test in isolated sessions. Since it is an ongoing game which spans over time
inde nitely, and since it takes place geographically in the real world, the setup for any
testing is hard, other than some kind of evaluation session with people who have tried
out the game for a while.

When the emails to the schools had been sent out there was nothing planned due to
the lack of testers. It was decided to continue the improvement of the prototype while
waiting for responses from the schools.

In the end, most of the schools did not respond to our email, and the few schools that

did respond were either not interested in participating, or failed to nd any interested
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students.

6.7.9 Version 0.6 - Dungeoneering & Content

Steps had already been taken in version 0.5 to make Augotchi more interesting. Both 0.6
and 0.7 had the same focus, namely to expand the game and the options that the player
has therein.

The new major features of 0.6 were the statistics strength, agility and intelligence as well
as the dungeon exploration mechanics. These are explained in detail in Section 7.1. The
main intention behind these features was to create a more lasting progression goal for
the pet, as well as making the pet feel more useful to the player. Before this change,
there was no enticement to play Augotchi extensively. The new statistics meant that
progression is always possible, no matter how much time the player spends on the game,
since they can never reach a maximum value.

Version 0.6 also greatly expanded the farming system with 9 new crops and also added
two new rare markers which, on activation, granted the player special food items only
found on the map. The new rare food alternatives are required in order to boost the new
statistics of the pet, which in turn makes it more likely to succeed in exploring dungeons,
which in turn results in relatively big rewards for the player.

6.7.10 Version 0.7 - Garden Decoration

The last iteration of development featured the implementation of the garden decoration
system.

Similar to the pet statistics added in version 0.6, the garden decoration system was
created so that the player would have another long-lasting goal within the game. Garden
items cost building materials. are expensive to build, and there is no limit to how many
items the player can place in the garden. This means that building materials is always
a useful resource to gather. Since garden decorations could now be bought by Roger in
the shop, coins also became more signi cant. In short, the garden decoration system was
designed to make the two currencies of the game matter more, and to create a sink which
make these currencies actually valuable.

Since this was declared to be the nal version of the game prototype, some e orts were
put into improving the game performance. The frame rate of Augotchi was improved by
tweaking the Mapbox settings and the map-rendering camera, which increased the frame
rate by over 300% on the tested devices.

With the game running smoothly, and with the new features in place, Augotchi was
considered done for the sake of the master thesis.
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6.8 Evaluating the prototype

The evaluation of the prototype was designed based on the sparse resources available to
us. It would be performed by holding several evaluation sessions with participants from
the previous co-design workshops. The members of these evaluation sessions were hand
picked from the co-design groups, since they were the ones who had played Augotchi the
most. Out of the group of eight co-design workshop attendees, four were chosen, two
males and two females between the ages of 24 and 26. Note that the group of people
chosen were all friends of ours. In order to avoid biased answers, the features of the
application would not only be evaluated directly, but also compared to each other. The
reason being that eventual bias would cancel out, since the participant would be equally
biased towards every feature, since they were all created by us.

Each of the four participants agreed to be interviewed in an evaluation meeting. The ses-
sions were conducted in four blocks, with a break planned half through. The four blocks
were designed to represent one aspect of the game each: Pet creation, the Tamagotchi
mechanics, the world markers and the ranch. The blocks themselves consisted of two
parts. The rst part of each block utilized a variant of the NASA TLX forms, in order

to get numerical values representing the participants' ratings of the di erent features.
The participants were asked to Il in the forms anonymously, and were assured that we
would handle the returned forms in a way that would not give away their answers. Some
modi cations were made to the forms for certain topics to make them t better. For
example, in the "Pet creation" TLX, the parameter of "Physical demand" was removed
and, another called "Creative Freedom" was added. An "Overall Enjoyment" parameter
was added across the board. The second part of each block consisted of a discussion-like
interview, where we posed questions and discussed the various topics with the intervie-
wees. The results of the previously lled TLX forms were not discussed at all, instead
other topics were brought up:

Pet Creation - This block revolved around aspects of the pet creation of Augotchi.
The individual topics covered were:

{ "Do you feel your pet is unique to you? Does its appearance matter?"
{ "Is there anything you would like to see that is not currently in?"

{ "Randomize vs. create?™ this question simply discuss whether the appearance
of the pet should be randomized or created by the player.

The parameters of the TLX were: Mental demand, Temporal demand, Performance,
E ort, Frustration, Overall Enjoyment and Creative Freedom.

Tamagotchi - This block revolved around the Tamagotchi aspect of Augotchi, in
other words, keeping the pet happy and alive. The individual topics covered were:

{ "What are your thoughts on the AR-genre fused with the Tamagotchi aspect?"
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{ "Thoughts on pet permanent death against the system in place now against
having no consequence at all?"

{ "Mini-games with the pet, would it help? Any ideas?"

The parameters of the TLX were: Mental demand, Physical demand, Temporal
demand, Performance, E ort, Frustration and Overall Enjoyment.

AR-World: Markers - This section revolved around the AR-world, and more
speci cally, the aspect of moving around the real world map while collecting things
by nding and pressing markers. The individual topics covered were:

{ "Thoughts on static markers vs. dynamic markers?"

{ "Thoughts on hidden markers vs. visible markers?"

{ "Thoughts on eort put in vs. reward or enjoyment granted from walking
around and picking markers?"

{ "Thoughts on clothing or unlocking of them?"
{ "Thoughts on questing or dungeoneering?"

The parameters of the TLX were: Mental demand, Physical demand, Temporal
demand, Performance, E ort, Frustration and Overall Enjoyment.

AR-World: Garden - This section revolved around the AR-world, and more
speci cally the ranch and its features, such as garden decoration and farming. The
individual topics covered were:

{ "What do you think of the rst food system compared to the second?"
{ "Thoughts on garden decoration? Is it fun?"
{ "Thoughts on the economy of the game? Does it work?"

The parameters of the TLX were: Mental demand, Physical demand, Temporal de-
mand, Performance, E ort, Frustration, Overall Enjoyment and Creative Freedom.

After the four blocks had been discussed, the participants were given two additional TLX
forms. Two games had been picked that we knew the participants had played. These
games were World of Warcraft [111] and The elder scrolls V: Skyrim [112]. Both games
feature character creation systems, and the participants rated the character creation of
those games respectively. The parameters of these TLX forms were the same as for
the "Pet creation” TLX. The reason for having the participants evaluate the character
creation of large established games, was to compare the results with those that they gave
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Augotchi's pet creation.

When all data was gathered from the interviews it was structured in lists and then grouped
into categories for easier reading. Since the interviews followed the same structure with
the same major topics, some speci c comments were brought up more than once, and
thus, those were grouped in order to better understand how the application could be
shaped in the future. In short, the categories were based on the di erent topics listed
above, as well as the questions asked.

Below is a quick summary of how the various parameters of the TLX forms were explained
to the participants when rating the di erent features:

Mental demand - This refers to the amount of mental e ort required to complete
the task and relevant sub-tasks.

Physical demand - This refers to the amount of physical work required to com-
plete the task and relevant sub-tasks.

Temporal demand - This refers to the level of stress one could experience, or how
hurried the participant could feel, when completing the task and relevant sub-tasks.

Performance - This is a measure of, to what extent, the participant felt like they
achieved their goals of the task and relevant sub-tasks.

E ort - This refers to the amount of e ort the participant had to put in, in order
to complete the task and relevant sub-tasks.

Frustration - This refers to how much frustration the participant felt during the
task and relevant sub-tasks.

Overall Enjoyment - This refers to how much joy the participant felt when com-
pleting the task and relevant sub-tasks, or when exercising the task and relevant
sub-tasks.

Creative Freedom - This refers to the amount of creative freedom the participants
felt they had whilst completing the task and relevant sub-tasks.

These di er slightly from the traditional NASA TLX setup. As mentioned earlier "Phys-

ical demand" were not present in all di erent sections, while "Overall enjoyment" as well
as "Creative freedom" were added to better capture the desired data.
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7 Result

The result section will present all the information generated during the project, more
speci cally it contains a detailed description of the Augotchi application prototype. The
results from the evaluation sessions, as well as a brief presentation of the digitally gathered
guantitative data, are also presented.

A video of the nished application can be found in the references [113].

7.1 Augotchi Prototype

This section will present the Augotchi prototype. All of its mechanics, features and
content will be described in detail, with each subsection containing one speci c area
within the game.

7.1.1 General Structure

The Augotchi application was developed in Unity [72], which means that everything that
takes place in the game has to be con ned to what is called a scene, or level. Augotchi
consists of three scenes which the player switches between while playing the game.

The world scene - This is the main scene of Augotchi, and the scene which the
player enters when starting the game (unless it is the rst time the game is started,

in which case the pet creation scene is opened). The world scene contains the world
map, the world markers, everything related to the Ranch, the quest log and buttons
for switching to the home scene and customization scene. This scene also contains
interfaces for the player inventory, player experience and level, the number of steps
required for pet health improvement, the tutorial screens, a sound toggle button
and currency counts for building materials and coins. When playing Augotchi, the
vast majority of time is spent in this scene.

The home scene - The home scene is where the player interacts with the pet by
feeding it. This is also where the player can check the various attributes of the pet,
in order to better understand its needs and how developed it is in terms of strength,
intelligence and agility.

The pet creation/customization scene - This scene is used in two di erent ways.
When the game is rst opened, and the pet is created, it is done via the customiza-
tion scene. If the scene is entered from the world scene after the pet has been
created, it instead allows the player to choose a hat and a facial feature for the pet,
if such items have been acquired.
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The most important object in the game is the global pet object, which contains all data
describing the game state. This is also the only object which persists through scene
changes. Whenever a change in the game state is made, be it feeding the pet, collecting
a map marker or taking a step, this object is updated, serialized and saved to the phones
local memory. This new le contains all data necessary in order to restore the game state
whenever Augotchi is restarted. When the MVP was implemented, this le was simple,
and only contained the basic pet status values, such as hunger and happiness. However,
over time it was expanded to contain hundreds of various parameters, describing not only
the pet, but the player related values, inventories, the Ranch, growing crops, item unlocks
and much more. These values will not be described in detail in regards to how they are
de ned or how they operate. However, the source code, in its entirety, can be found in
the Augotchi Github repository [114].

Augotchi does, for the most part, follow what is called a model-view-controller design

pattern [115] which means that the data describing the game state, and the visual repre-
sentation of the game state, are completely separated. The prototype does not follow the
design pattern fully, since during development, speed has trumped code clarity in many
cases. The model part of Augotchi which in essence is the global pet object fully follows
the design pattern, but the view and controller components are not as easily de ned, and

are mixed up in many cases.

7.1.2 The World Map

One of the central mechanics of Augotchi is the way the player moves around in the game
world. Movement is achieved by changing the physical location of the device, and this is
most commonly achieved by walking around. Mapbox, an external library, supplied the
project with an excellent solution to this problem [75].

The world map consists of a set of tiles, each containing vector graphic information which
describes the map portion represented by that tile. Once the GPS position is fetched from
the device, a virtual camera in the 3D scene is used to de ne the bounds of the map to be
rendered in the game (note that this is not the same camera as the one which renders the
view of the game). By using this map rendering camera, it is possible to de ne how big
of a portion of the world should be rendered in the scene. The further away the camera
is from the player, the bigger the portion of the world which is rendered becomes. As the
player moves, tiles end up outside of the camera's view, and these tiles are then removed
from the game. Naturally, there are also areas created within the camera's view that are
empty. New tiles are generated that Il these empty areas with new map information,
which is fetched from a database during run time. There is also a cache stored locally on
the phone, with map tiles already seen by the player, which means that areas that the
player has already been to are loaded and displayed correctly without downloading the
data twice.

Most objects in Augotchi are placed on the map, which means that when the player moves
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across the world, the objects on the map moves relative to the players position.

7.1.3 The Pet

Apart from the map integration, the pet was the rst feature to be implemented in
Augotchi. In essence, the pet is modelled as a number of values, representing the status
of the pet. This status is then re ected in animations of the pet, as well as in the Ul of
the various scenes.

The system for simulating the status of the virtual pet was freely constructed based on
the interactions of the classical Tamagotchi. The three basic status values are hunger,
health and happiness, all represented by a oating point value which reaches between 0
and 100. When one of those values reaches 0, the pet passes out, and when a value is
above 75, it leads to bene ts for the pet. What makes the values di erent from each
other is the way that they are manipulated and controlled by the player.

Hunger deteriorates fast, but is relatively easy to replenish by using various food items
in the home scene. Health deteriorates slowly, and can also be replenished by feeding the
pet certain food items. Also, by taking walks with the pet, the player may increase the
pet's health by 2 for every 100 steps taken, which is a mechanic designed to t into the
location-based AR setting speci cally. Happiness deteriorates very slowly over time, but
also depends on the current hunger and health status of the pet. If hunger or health is
below 25, happiness rapidly decreases. If hunger or health is above 75, happiness increases
instead. Happiness may also be increased by feeding the pet certain food items, or by
petting the pet, which can be done once every hour. As such, happiness is a long-term
value, which is rst and foremost manipulated by keeping the pet satis ed in terms of
hunger and health.

The pet's status values deteriorate once every ten seconds, what is referenced to as a
\tick". A system was developed which retroactively applies any ticks which occur while
the app is closed. For example, if the player closes the game and opens it up one hour
later, the game will apply 360 ticks of deterioration to the pet. This means that the game

is always running, and if the player is gone for too long, the pet will be in a passed out
state when the game is reopened. The deterioration rates are set so that the pet has to
be checked upon at least twice a week.

The second set of attributes of the pet are the strength, intelligence and agility values.
These are also represented by a oating point value, which reaches between 0 and, theo-
retically, in nity. All of these power attributes start at 0, and can be increased by feeding

the pet some of the rare food items in the game. By increasing these values, the player in-
creases the chance of the pet being successful when exploring dungeons. A mathematical
function was developed which slows down progress as a value increases:
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o - 500
" p,+500

Where P, is the current stat value of the pet, | is the food increment value and Pis the
resulting, new stat value. If the pet is fed a food item which has a strength value of 10,
and it already has 2000 strength, the resulting actual increment will be 2. This makes
it di cult to push any value above a couple of thousand, which was the intention of the
formula, since the maximum di culty rating of a dungeon is 2500. All of these secondary
values deteriorate by about ve points every day, which means that the formula also
makes it harder to maintain a high stat value than a lower one.

The direct actions taken towards the pet all happen in the \home" scene. This scene
consists of a list of buttons for feeding the pet various food, an animated 3D model of
the pet, as well as Ul elements which displays the current hunger, health and happiness
of the pet. There is also a button which takes the player back to the world scene.

In the world scene, the pet is displayed on the map alongside the player character object.
A simple behaviour script was created for the pet, which has it roughly follow the player
around, while exploring its surroundings. The pet object is purely cosmetic in this scene,
and cannot be interacted with in any way.

7.1.4 Pet Customization

An important result of the co-design workshops, was that the participants wanted to
feel like they had a unique pet. The proposed solution to this desire was to implement
a pet customization system, in which the player can design the pet. In Augotchi, the
customization of the pet consists of eight steps, each consisting of one to three parame-
ters.

The system for pet colorization is made in such a way that there are three layers of
textures applied to the pet model. The base layer covers the entire pet and gives it its
main color. The overlay layer de nes the main complementary color, and covers large
portions of the model. The last layer is the details layer, which adds details like stripes
or dots to the pet. Each layer has a texture, which determines how the fur or skin of
the animal looks for that layer. Every layer also has a color component that colors that
speci c layer. Finally, each layer has a mask which "hides" the layer in certain areas
(represented by black pixels) and shows it in other areas (green pixels). This allows
for greater customization, since it makes it possible to freely mix the colors, masks and
textures of the layers.

In the gure below, the colorization system is illustrated. Each layer is represented by
a column, which are combinedadded horizontally, resulting in the picture at the right
hand side. Each component of the layers can be seen as rows, and thesaraiéplied
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