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Preface

In the fascinating landscape of evolving computing technology, few facets of our digital
world captivate us as profoundly as computer games. In this era of digital addic-
tion, it is not enough to merely play these games; we must delve into their creation.
The development of computer games is a captivating journey that melds seamlessly
with the world of computer science. It is a journey that encompasses programming,
software engineering, computer graphics, databases, artificial intelligence, and the
intricate physics that underpin these virtual worlds. As computer games continue to
evolve, growing in complexity and sophistication, the role of computer science in
their development becomes increasingly pronounced. This book is a voyage into this
dynamic realm, where technology meets creativity, and where the next generation
of digital innovations is forged. Throughout this book, we will explore the intricate
relationship between computer science and game development. We will uncover

the connections between these two domains, shedding light on how technology and
creativity converge to shape the world of computer games. Together, we will navigate
this dynamic intersection where innovation and imagination merge.

We would like to express our sincere gratitude to all the authors and co-authors for
their contributions. The successful completion of this book has been the result of
the cooperation among many people. We would especially like to thank Publishing
Process Manager Ms. Nina Miocevic at IntechOpen for her support during the
publishing process.

Branislav Sobota and Emilia Pietrikova
Technical University of Kosice,
Kosice, Slovak Republic






Chapter1

Introductory Chapter: Game
Development and Computer
Science

Branislav Sobota and Emilia Pietrikovd

1. Introduction

Nothing affects a person’s life more than the games he played in his childhood.
Games open a wonderful world of colors, light, secrets, materials, and relationships.
The feeling of the game carries with us even into adulthood, and our desire to play
remains in the subconscious and regularly emerges. In the colossal change of the
world caused by computers, it remains unchanged, but its modification appears—
computer games [1]. In recent years, they have incredibly influenced children and
adults.

The development of computer technology and its impact on our lives are striking.
Entertainment, especially computer games, is no exception in this sense. Playing
computer (including electronic) games is a substantial percentage of this area. Of
course, the development of these games is closely related to this. The development of
computer games requires in-depth knowledge in the field of computer science, start-
ing with programming, software engineering, or computer graphics (in some cases, in
this sense, also virtual reality), through databases, artificial intelligence, and ending
with, for example, the physics of games [2]. In short, as computer games become
more complex, sophisticated, and immersive, the role of computer science in game
development becomes increasingly important.

In the secondary view, computer science is integral to every phase of computer
game development. First, it provides computer game developers with the necessary
tools to create, optimize and debug computer games, develop their game mechanics
and gameplay, design interactive environments and characters, and create visual and
sound effects [3]. Secondly, there is a close connection with the business aspect of
computer games, including game marketing, distribution, or advertising [4].

Following that, from the view of current game systems, it is necessary to address
several areas (Figure 1). This applies mainly to the following areas (in no order of
importance): graphics, sound, game logic and design, user interface (depending on
the type of game also 3D interface, including player motion tracking or, e.g., his ges-
ture sensing), sometimes different kinds of simulations or training modes, including
the possible use of digital twins technology (if there is a game session with a potential
real world), possible in-game physics, dynamics processing including scripting, the
most immersive gaming experience possible, single-user or multi-user game mode
including a possible cooperative mode, educational or research potential of the game
or possibly data processing, artificial intelligence, and of course the economic aspect.
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Figure 1.
Game development, virtual reality, and computer science relationship.

In the opposite direction, the development of computer games also significantly
influenced computer science as a discipline, mainly by pushing the boundaries of the
current state of technology and supporting innovations in various areas. Computer
games played a crucial role in introducing new technologies at the hardware level,
such as graphics processing units (GPU and GPGPU technology), multi-core proces-
sors, or virtual reality, which further accelerated the progress of computer science.
At the software level, computer games and their development have an impact on the
fields of computer science mainly in the following ways:

» Computer graphics: Computer graphics and animations are primarily affected by
computer games. They play an important role in game development and require
programmers to use algorithms for transformations, rendering, shading or light-
ing effects, etc. This led to progress in this direction, but also in computer vision
and image processing.

o User interface and user experience (UI/UX): An engaging and intuitive user
interface/UX in games is essential for comfortable communication with a com-
puter and thus constitutes an integral component of the success of a computer
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game. This has led to advances in human-computer interaction (HCI), interface
design, and the use of user experiences in computer science. The impact of
virtual reality and associated technologies in this direction is significant.

* Computer networks and multiplayer: Some computer games often involve com-
munication and interaction between players, which requires network connectiv-
ity, communication protocols, security, and reliability. This led to progress in
computer networks, distributed systems, and cyber security.

* Formalization and optimization techniques: Game development usually requires
formalization and optimization techniques, such as processing game rules, game
logic or reducing the number of calculations needed to render graphics, improv-
ing loading times, and improving the gaming experience. Formalization, espe-
cially with game theory, represents a direct link and enables more convenient
algorithmization.

o Artificial intelligence and genetic algorithms: This part of computer science cannot
be neglected nowadays. Some aspects of artificial intelligence have long been
implemented, such as controlling characters in games, making decisions or mov-
ing them, and finding possible movement trajectories. Genetic algorithms are
helpful, for example, for describing the behavior of some entities in the game.

The primary relationships between the development of computer games and com-
puter science from the point of view of computer games are shown in Figure 1. Many
aspects have been mentioned in the previous one, and we will cover some of them in
the following text. Due to the innovative procedures brought by virtual reality and
associated technologies, VR is also included in this picture.

Looking to the future for certain types of games, VR or related technologies are
often implemented because they have the potential to push the development of
computer games to an entirely new level [5]. In essence, the VR system represents an
interactive computer system, creating the illusion of a non-existent, only synthesized
space at the given time, or even more precisely, we can talk about the so-called perfect
simulation in an environment of close human-computer system relation. In this
context, the development of computer games on this basis includes creating digital
games for entertainment, educational, or training purposes [6] that rely heavily on
graphics, visuals, and interactivity. Thanks to advances in virtual reality technologies,
game developers can now create games that offer the user an immersive and interactive
experience. Players can now become active in the game’s story and explore living worlds
that feel incredibly realistic. Thus, virtual reality enables complete immersion and blurs
the line between the player and the game. The concept of Metaverse (https://about.
meta.com/metaverse/) can bring the development of computer games to an even higher
level. Metaverse refers to a virtual shared/collaborative space where users/players can
interact with a computer-generated environment and other users/players in real time.

2. Conclusion

The ancient Roman demand for “bread and circuses” survived for centuries.
Human playfulness got wings with the advent of computer games. They have become
so popular among the population that masses of avid gamers (mainly children)
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succumbed to them quickly. The unceasing demand for computer games and the

fact that more and more people are involved in this segment, creating, improving,
researching, and analyzing computer games from a scientific point of view are behind
the emergence of scientific directions oriented to computer games. Their mutual
interaction with computer science reaches the stage where part of the results of this
interaction is usable and is used in practice in areas such as medicine, therapy [7],
services, transportation [8], or education [9]. Its further potential is enormous, which
is good news for players, developers, and scientists [10]. Ultimately, we have an excit-
ing future ahead of us in this area.
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Chapter?2
Make It Fun for Everyone!

Demos Parvapanos

Abstract

This chapter will provide an overview and strength of games, as well as examining
the element of fun influencing gamers’ behavior in games. The development of
sophisticated algorithms and the increased coverage of the internet help electronic
games succeed and increase, overflowing the traditional boundaries in which they
were traditionally confined. As the game industry enjoys continual and rapid growth
in the market, it is important to examine the features that make games so attractive
and keep players coming back for more. Professional game designers often take it for
granted that people just want to play their games, rarely examining the psychology
of their gaming audience. Hence, the aim of this chapter is to focus on understanding
the meaning of fun in games and the interaction with algorithms, which will create
diagrams to predict gamers behaviors in a game. Personal data collected through algo-
rithms can be a tool for game designers to develop future games for specific audiences.
The rationale is that examining the psychology behind the subjective element of fun
will help increase the interaction between gamers and the game for the algorithms to
create the appropriate environment for the player.

Keywords: games, gamers, fun, gamers’ profile), games’ diagram, engagement in games

1. Introduction

Throughout the years, video games have become a multi-billion-dollar media
industry, reporting profits of more than the movie and music industries combined
[1]. Sajid et al. [2] understood that video games and gaming industry reported rev-
enue of $12 billion per year, with Hilgard et al. [3] adding that particularly in the US
the video game industry is among the fastest-growing sectors of the economy. In 2014
Cox [4], compared the video game industry revenue with other entertainment indus-
tries such as movie and book industries to investigate the revenue difference. The
blockbuster movie at that time (“Harry Potter and the Deathly Hallows”) recorded
earning $169 m in revenue during its opening weekend, while the book “Harry Potter
and the Deathly Hallows” generated $220 m in the first 24 hours of release. To high-
light the difference between them, two industries and the gaming industry Cox [4]
presents that in the same year, a game called “Call of Duty: Modern Warfare 3” raised
$400 m in revenue in just the first day of release; when the same video game gener-
ated $1bn in revenue within the first 16 days, overcoming the previous entertainment
record set in 2009 by the film “Avatar” within the first 17 days of release.

Gaming has become a very popular activity for both adults and adolescents
and a major leisure activity in contemporary societies [5]. Even though most video
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players are aged between 18 to 34 years old (40%), 27% of players are being overage
50, leading to the average player being 35 years old [6] indicating that there is also

a big percentage of players over the age of 35 spending time on video games, and
highlighting that players cannot be grouped into one age demographic. Reports from
the Interactive Software Federation in Europe show that more than half of Europe’s
population plays video games and nearly half of them are female (46%) [7], show-
ing that there are also no demographic differences between gender. Studies in the US
show that 80% of people aged 18-34 play video games for more than 3 hours a week
[6] when the average time spent gaming per week is estimated to be around 8 hours
and 42 minutes [7].

As video games have grown in universal popularity, they have also grown in
diversity [3], empowered by the development of technologies, such as smart mobile
devices, advanced algorithms, and internet accessibility [8]. Mobile games use
generational innovations to become available on multiple platforms [9]. The advances
in the current digital era and the increased coverage of the internet help electronic
games succeed and increase [10], overflowing the traditional boundaries in which
they were confined [11]. As the game industry enjoys continual and rapid growth in
the market, it is important to examine the features that games are so attractive and
keep players coming back for more [12]. Professional game designers often take it for
granted that people just want to play their games, rarely examining the psychology
of their gaming audience [13]. Previous studies (see [6, 13, 14]), investigated behav-
iors of players when playing games creating a typology of them. However, previous
literature with limited exceptions (see [15]) has not investigated in depth the meaning
of fun for the players ecosystem. Hence, the aim of this chapter is to focus on under-
standing the meaning of fun in games and the interaction with algorithms which will
create diagrams to predict gamers behaviors in a game. To achieve the aim this chapter
will review relevant literature and previous research that focused on behaviors of
players in games and their preferences in several types of games. Using some of these
findings, this chapter creates a diagram to measure players’ behavior in a game.

2. Games
2.1 Power of games

McDaniel and Forsyth [16] identify that video games are popular activities among
both youth and adults. Just in the USA about 97% of teenagers appear to play contrib-
uting toward video games and gaming industry to report revenue of $12 billion per
year [2]. Similarly, reports since 2015 announced high percentage in countries such as
Australia, where 95% of adolescents have access to at least one video game device in
their home through tablet, smartphone, or personal computer (PC) [17]. Even though
the attachment of teenagers with video games has been a stereotype over the years,
studies like Adachi and Willoughby [18], report that video gamers age demographic is
expanded to older adolescents and emerging adults. In their report they understand
that 81% of 18-29-year-old Americans play video games and half of them play games
at least a few times a week [18]. Rogers [19], supports the previous arguments report-
ing that over 183 million people, (or 49%) of adults in America, play video games,
supporting that video games attract and engage individuals at any stage of their life.

Becoming more varied, socially inclusive, and accessible, video game sales now
surpass the US$43 billion mark and boast larger revenue streams than digital music
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and blockbuster films combined [20]. Back in 2016, the video game market in the USA
was valued at over $17 billion mainly through three companies, namely Microsoft,
Sony and Nintendo, monopolizing the home video game industry [21]. In Germany,
the gaming industry is ahead of other cultural and media industries with more than
6.2 billion euros in revenue a number to grow 19% in 2023 [22]. The popularity of
video games in the past decade is also empowered by the rapid development of smart
mobile devices [8]. Apple’s “App Store” and Google’s “Google Play” announced that
19.2 billion mobile games were downloaded in 2016 and users spent on average $40
per device on premium applications, dominating consumer spending [23]. Two years
later Apple Store and Google Play both announced increases in numbers to 21.8 billion
with forecasts for continued growth in the future [24].

The revenue numbers are impressive compared with other entertainment indus-
tries such as cinema and books, but still more impressive is the engagement gaming
industry provides. The ‘average’ video game player has been engaged with the activ-
ity over several years, resulting in more people from different age groups engaging
with playing games. In their research Smith et al. [17] found that Australian adoles-
cents play computer games anywhere between 2 and 18 hours per week. Similarly,
American teens play video games around 13 hours per week [16]. Increased time spent
in video games also affects adults looking at a report from Yu and Chan [25], showcas-
ing that older adults consider themselves gamers playing video games for pleasure
or even training activities. Gamers play some kind of video game for over 15 hours a
week, where non-gamers play video games less than 4 hours [26]. Overall, statistics
show that since 2011, people were already spending an average of three billion hours
a week gaming with the number increasing exponentially through the years [10]. The
abovementioned report supports the argument that gamers are engaged with games
over a period.

2.2 Games and algorithms

As video games exhibit progressively expansive game environments, there has
been growing interest in employing generative computational algorithms to mitigate
the cost of authoring game content [27]. The advantage of computational techniques
lies in the promise to reduce the involvement of a human designer, hence enabling
financial advantages due to smaller development teams, but also content that would
otherwise be impossible. Advanced algorithms generate content more flexible than
content generated by hand, providing opportunities for the game to adapt to the
unique preferences of individual players, making that content more personal. For
example, games generated by advanced algorithms evolve software that can recognize
behaviors and patterns and adapt to players preferences. In open map games, the
fitness of a given weapon design is inferred from the behavior of the player during
the game progress; if the player uses a weapon frequently, similar weapons are made
available, and where a weapon is left unused, it appears less frequently [27].

The outcome of this evolved technology means that the content is highly personal-
ized, promoting individual preferences and creating engagement and sustainability,
hence user is more likely to be engaged with the system as they recognize their
preferences and problem-solving mechanics in the game. The success of the previous
example derives from the fact that the user is continually using the system giving
plethora of information to the platform, and this can only be achieved if the user is
engaged with the system providing data to the system to be utilized in future activi-
ties and tasks. Despite the evolution of technology and advanced algorithms, the
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success of the system relies on engagement with the player, so data to be absorbed and
patterns to emerge.

The relationship between computational techniques and the engagement with the
game seems to be interdependent since players engagement is needed for the game
to collect enough data to acknowledge a profile for the player, and on the other hand,
these data will be transformed into mechanics and esthetics that will make the game
personalized and engaging. Considering that gaming is optional activity [16], the
engagement of the gamer with the game is not given, hence for gamers to return in
the game, the system will have to create previous enjoyable experience. In the year
2010, Hoffman and Nadelson [28] found that engagement in games is translated
to achievement, motivation, and task persistence. Two years later, Vorderer and
Jennings [13] further add that the main tool enhancing the engagement in games
and differentiating them with other entertainment industries (such as movies) is the
element of control that games provide to the user creating a sense of immersion and
interactivity.

Looking at the two big entertainment industries, it is obvious that the main differ-
ence between them industries is the element of control that games provide to the user
due to the interaction between the gamer and the game through advanced algorithms
that take advantage of that. Unlike movie viewers, game players not only process
information provided by the medium but they also contribute to the quality and prog-
ress of the media product itself, with their decisions and actions determining how a
game looks, develops, and ends. This is a result of a continuum interaction between
the game and the gamer, and the data collected informs algorithms to personalize the
experience and make it more appealing and fun. Despite the acknowledgment of the
interdependence between the algorithms and the engagement, industry understands
that [13] professional game designers often take it for granted that people just want
to play their games, rarely examining the psychology of their gaming audience.
However, the rising global popularity of video games is occasionally associated with
research interest in solving issues related to video games such as decision-making,
movement, strategy, and pathfinding through algorithms [29]. However, it is not only
the technological advances of games that enhance the engagement between the gamer
and the game [30] because from the psychological standpoint, the concept fun is seen
as the most important and necessary factor in game playing [16].

2.3 Engagement in games

Professional game designers often take it for granted that people just want to
play their games, rarely examining the psychology of their gaming audience [13],
focusing on developing the technology and esthetics in the game rather than the
patterns that create engagement. In 2015 Siemens et al. [31] highlight that importance
for individuals acknowledging that even though it is within human nature to like
games, not everyone likes the same kind or style of games. Marczewski [32] agrees
on the subjectivity of the topic stating that despite the capability of designing games,
serious games, or gamified systems without knowing who the target players are, it
is more likely to achieve an engaging experience when the target players are identi-
fied first. Melodia et al. [33] then argue that the captivation of video games appears
to lie in their potential to fulfill those psychological needs also refer to as motives
to play. Lastly, Parapanos and Michopoulou [34] also agreed on the importance of
recognizing the psychological need of players’ motives when playing games for better
engagement.
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According to Hilgard et al. [3], the subjective norm behind players motives to
play games inspired researchers, players, and game developers measuring individual
differences in game motivations and preferences. Human motivation refers to the
internal process that activates and maintains physical and psychological activity and
impacts the direction and strength to move toward goals [6], highlighting the subjec-
tivity of the topic. As early as 2004 Bartle [15], first recognizes that in a non-enter-
tainment industry, the answer behind motives toward an activity is hidden behind
the clear and easy answer of the mandatory nature of that action. Since 2008 gaming
industry understood that in video games, players are not required to play the game,
meaning that their first decision is whether to play at all and continually reevaluate
whether to keep playing [35], which led to studies behind why players are playing and
engaged in video games. Thus, their participation is voluntary, and players expect to
get an enjoyable and fun experience to keep playing [15].

Vorderer and Jennings [13] argue that most theoretical work on the enjoyment of
playing video games has focused on the issue of interactivity and player action during
gameplay but rarely does the game industry examine what truly engages players.
Theories of “player personality” began with Bartle, speculating that players are sepa-
rated based on the degree to which a player acts or interacts with other players and/or
the game world creating four types of gamers (achievement for Achievers, Exploring
for Explorers, Socializing for Socializers and Imposition upon others for Killers) [3].
Another model comes from Yee, who surveyed players of massively multiplayer online
role-playing games (MMORPGs), identifying three factors composed of ten sub-
components [3]. These factors included: Achievement, consisting of subcomponents
advancement, mechanics, and competition; Social, consisting of socializing, relation-
ships, and teamwork; and Immersion, consisting of discovery, role-playing, cus-
tomization, and escapism. Different results were showed in a survey for first person
shooter (FPS) games, with gaming motives there to be more related to competition
and sense of control [36]. Kahn et al. [37] focused their study on massively multiplier
online (MMO) and multiplayer online battle arena (MOBA) players and their motives
to play these two types of games revealing five characteristics: socializing, exploring,
competing, skill development, and escapism. Li et al. [38] also studied the motives
to play MMO games for adolescents and found that socializing, achievement, and
immersion as important senses.

Demetrovics et al. [39] developed the motives for online gaming questionnaire
(MOGQ), which included seven gaming factors: social, escape, competition, coping,
skill development, fantasy, and recreation. Francisco et al. [40] in a similar study
developed a videogaming motives questionnaire (VMQ ), revealing eight factors
to play video games: Recreation, Social Interaction, Competition, Violent reward,
Cognitive development, Customization, Coping, and Fantasy. Huang and Hsieh [41]
investigated the experiential factors toward online games finding significance in
three motives (Entertainment, Challenge, and Control). In their research Hsiao and
Tang [42], investigating factors toward mobile movie-themed games found similar
results (Flow, Act, Relate). In a similar context of mobile gaming, Merikivi et al.

[43] found some interesting results in relation to factors explaining enjoyment, with
challenge, novelty, design esthetics, and ease of use all contributing toward making
mobile games enjoyable. Finally, Wu et al. [44] found seven factors (Escape, Skill
development, Fantasy, Coping, Recreation, Competition, and Social) toward Internet
gaming. Lastly, report from the Entertainment Software Association (2019), most
video gamers (79%) report playing video games for mental stimulation and 78%
report gaming for relaxation and stress relief [7]. The above studies are summarized
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in the table below and showcase different results in the engagement characteristics of
players depending on the type of game.

The importance of motives to play games for the development of a game has taken
anew direction in the latter ages with the advanced algorithms incorporated in games.
Previous studies have used traditional methodologies (such as qualitative and quanti-
tative approaches) to understand or measure the elements that make a game fun and
engaging. However, the latest technology can measure patterns in a game and measure
gamers behavior and use sophisticated algorithms to replicate those tools that make a
game fun for different gamers (Table 1).

2.3.1 Socializing

Looking at the table above reviewing the literature, it becomes apparent that
the most popular influence to play games is the opportunity they create to socialize
(see [14, 15, 37-40, 44]). According to Bartle [15], players would use the game asa
communicative facility and apply the role-playing that these engender as a context
in which to converse (and interact) with other players. Yee [14] considered Bartle’s
definition on socializing within games and added that players find fun in games when
the social factor assesses the motivation to communicate with other players, and they
form significant and long-lasting relationships with others cooperating and com-
municating to complete a task in the game. Kahn et al. [37] argue that games, such as
League of Legends, capitalizing on this element adding game mechanisms and social

Author(s) Game mode Characteristics
Bartle MUD Achievement, Socializing, Exploring, Imposition upon others
Yee MMORPG Achievement, Socializing, Immersion
Demetrovics Motives for Online Socializing, Escapism, Competition, Skill development,
etal. Gaming Questionnaire Coping, Fantasy, Recreation
(MOGQ)
Lietal. MMO Socializing, Achievement, Immersion
Kahn etal. MOBA and MMO Socializing, Escapism, Exploring, Skill development,
Competition
Laconi FPS Competition, Control
Francisco et al. Videogaming Motives Social Interaction (Socializing), Competition, Violent

Questionnaire (VMQ)

reward, Cognitive development, Customization, Coping,
Fantasy, Recreation

Huang and Online games Entertainment, Challenge, Control

Hsieh

Vorderer Online games Competition, Exploring, Achievement, Immersion,
Socializing

Wu et al. Internet games Escapism, Skill development, Fantasy, Coping, Recreation,
Competition, Socializing

Hsiao and Tang Mobile movie-themed Flow, Act, Relate,

games (MMGs)
Merikivi et al. Mobile games Challenge, Novelty, Design Esthetics, Ease of use

Table 1.

Studies focused on engagement in games.
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interaction protocols that will allow players to socialize and communicate. Wu et al.
[44] show that in-game socializing leads to such satisfaction and strives for further
building of relationships via gaming. The outcome of this taxonomy should inform
the algorithms that certain groups of players are more likely to find fun in a game
when allowed to interact with others and socialize for game-related or nongame-
related purposes. In return, the algorithm will provide gamers with the appropriate
tools to do so.

2.3.2 Achievement

Previous literature also highlights that players will find it engaging when they feel
they can get a sense of achievement. These players will give themselves game-related
goals and vigorously set out to achieve them [15]. According to Yee [14], the sense of
achievement in games will force players to look for status of power and wealth for
their in-game characters, and they will work toward understanding the game in detail
to utilize the systems better than others. Li et al. [38] explain that achievementisa
sense that will influence players to increase gaming time in either raiding or in player
vs. player (PvP) combat. Fun through achievement occurs when players can collect
points and rise in levels, and all are ultimately subservient to this [15]. This indicates
that algorithms should identify players rank higher in achievement behavior and
provide task to enhance that behavior.

2.3.3 Immersion: Escapism - flow

Immersion is another factor players see as fun and engaging in games. Immersion is
the state where a player learns and discovers the game world, customizes their charac-
ters, creates a sense of role-play, and escapes from the daily routine [38]. Escapism is
also a sense that has similar meaning as it is defined as playing to forget daily problems
[40]. Vorderer [13] explains that players become actively involved in the game world
and escape from their daily life when playing games leading to a sense of immersion.
Looking at the definition of immersion, it is recognized that immersion and escapism
are similar; hence, they are merged as one similarly to Yee [14]. Flow has a similar
meaning with immersion and escapism. Demetrovic et al. [39] define flow as the state
of concentration or complete absorption with the game, leading to a sense of engage-
ment that strong during which temporal concerns (time, food, ego-self) are typically
ignored. Previous studies identified that games allow players to escape from their daily
routine and transfer into an imaginary world, enhancing the element of fun.

2.3.4 Competition

Competition is another important sense in game enjoyment. It is similar in
meaning with achievement; however, it occurs through the desire of social com-
parison [38]. For example, Demetrovic et al. [39] find that competition requires
some form of comparison of achievements since players like to “..defeat others” or
“.. compare knowledge with others” Wu et al. [44] agree with the social comparison
promoted by the sense of competition defining it as competing with others. Looking
at the discussion of around competition, it becomes apparent that even though there
is a feeling of achieving for the player, it is not enough to enhance the element fun, but
it requires some comparison with other players in the game making it interactive with
others. Bartle [15] agrees that there should be a division between the two categories
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saying that some people find element of fun when they are imposing upon others and
killing off their personae (characters) with joy coming from the greater the distressed
caused. Algorithms in games should be able to identify the difference in behaviors
and cluster players with higher levels of competitiveness separated from gamers with
higher levels of achievement. This is translated to activities that enhance competitive-
ness between gamers and more interaction with others than the system.

2.3.5 Exploring

Some of the reviewed literature highlights that players will find it fun when they
can explore the virtual world. Bartle [15] was the first to express that highlighting that
this group of players find fun having the game expose its internal machinations to
them, by mapping its topology, to then advances to experimentation with its phys-
ics. Bartle’s statement recognizes the interaction between the gamer and the system
and the behavior to exploit hidden components in the environment. This interaction
should help algorithms measure the behavior and provide tasks to enhance the behav-
ior. Yee [14] agrees with this opinion mentioning that players find it fun when they
can discover items or find hidden things in a map. Kahn et al. [37] further discusses
players exploration activities in the virtual world identifying that these players like
to explore hidden areas in the game and the game mechanics to optimize their game
performance. These groups of players like to explore and conquest unknown scenes
and possibilities [39]. It is then important for these players to interact with virtual
worlds and discover hidden treasures.

2.3.6 Customization

Another very important element contributing toward the meaning of fun in games
is the ability they provide to the player to customize. Kim et al. [45] define custom-
ization as the activities, where users can modify some aspect of an interface to a
certain degree to increase its personal relevance. Shaw et al. [46] mention that several
researchers have already looked at the relationship between avatar customization and
player enjoyment of games. Kim et al. [45] agree with this opinion and explain that
customization is a very critical sense to enjoyment. Customization will include any
color changes to game elements, choice of background pictures, avatar customization
but it may also include selection of background music sounds, and other features [47].
Shaw et al. [46] do add to this opinion finding that in the context of games, players
ability to customize characters leads to greater feelings of presence and psychophysi-
ological indicators of emotion. The ability of games to allow gamers to customize
their experience is what differentiates the game industry with other entertainment
industries. It could then be argued that when players play games will most likely be
interested in building the character itself rather than the story or the level of the
game. Even though customization has been directly linked with immersion [14] as it
allows players to build an avatar and become actively involved in a virtual world, is
seen as independent meaning of fun as it does not immediately result in that outcome.
Instead, the sense of immersion could be a result of other mechanics of the game.

2.3.7 Challenge: Skill development

Literature also explains that players find fun in skill development and challenges.
Meriviki et al. mention that players seek challenges, and for a game to be challenging,
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it must provide personally meaningful in-game goals whose attainment is not certain
[43]. For instance, in first person shooter (FPS) games competition and challenge
scored higher than other dimensions for committed players [37]. Among other
things, challenges are important motivations for gameplay as they are interactional
dynamics between players and videogame system [48]. Even though the meaning of
achievement, competition and challenges look similar they have a main difference
since competition is compared and interactive with other players when achievement is
interactive with the system. Challenges in a game can be interactive with other players
or personal, hence they are independent typologies in the meaning of fun. Instead,
challenges are more related in meaning with the skill development theme described
by Wu et al. Demetrovics et al. and Kahn et al. Hsiao and Tang [42] argue that for
engagement to occur both challenges and skill development must exist and exceed
the level of difficulty that is typical for the individual’s day-to-day experiences. This
shows that players find fun when the game promotes a challenge, where they must
come up with a strategy and improve their skill to overcome the tasks and level up.

2.3.8 Esthetics

Design esthetics seems to also contribute toward creating a fun environment for
players. Merikivi et al. [43] defined design esthetics as the degree to which a person
believes that the platform is esthetically pleasing to the eye. It can then be argued that
good design esthetics, such as music, sound effects, and animations, are important
components of a video game experience and can contribute toward tolerating other
imperfections in game design. Atkinson and Parsayi [49] do mention that game
mechanics is a complex context, and every aspect contributes toward enhancing
the element of fun for the player experience. For example, plot animations and
pictures, which are used to reward important events (such as defeating an enemy or
leveling up) contribute toward making that event more fun. Cao [50] discussed the
importance of esthetics in video games highlighting the importance of visual art and
esthetics in the progress of the game.

2.4 The concept of fun

In previous sections, the overview of games showed their success as an industry.
The concept of game in relation with algorithms was examined, and studies that
explore gamers’ preferences were explored, identifying eight main elements
(Socializing, Achievement, Immersion or Escapism or Flow, Competition, Exploring,
Customization, Challenge or Skill development, and Esthetics). Games looking
into applying elements to enhance the sense of fun should be aware that players will
show preference in at least one or more of these senses. The acknowledgment of this
typology of players leads to valuable practical implications as it provides a useful tool
for designers to understand their audience to classify players’ profiles and promote
mechanics that may be more likely to enhance the sense of fun leading to engagement
with the game. Game developers should investigate mechanics that can enhance fun
since players are likely to be engaged to use the system because of these elements. The
outcome of this engagement in addition to the evolved algorithms will create a highly
personalized content promoting individual preferences and creating an attractive
environment. The classification suggests that game designers should focus on build-
ing an experience in the game that satisfies all eight typologies, so to create a desirable
ecosystem, where every player will find something fun to stay in the game for.
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Previous studies investigated the characteristics of players when playing games
with a variety of results depending on the game. Bartle [15] identifies a common
characteristic behind those studies clarifying that in the topic of games the answer
to the question of “Why do people play?” sounds obvious at a superficial level since
people are playing games for fun, but what creates the fun? Fun is a subjective term,
and it could result in so many different features that must go into a game to make it
fun for everyone. Despite, the significance of their results that question remained
open. This chapter is trying to answer this question exploring eight characteristics of
the meaning of fun reviewing literature. The biggest outcome of the literature is that
a game should be balanced for all players with every typology helping the system to
thrive. Looking at the results of the table it becomes apparent that different games
serve different enjoyment, hence different fun elements. Bartle highlights that, clari-
fying that in his research every player used to tend at least a bit at all four elements,
however, they had a bigger tendency toward one. For example, players who explain
fun as achievement still enjoyed socializing, exploring, and imposition upon others if
it could lead them to more tasks to achieve [15]. This is to highlight the complexity of
the term fun in the game since each typology is not independent, but it relies on every
other one to enhance the sense of fun in the game. Taking that into consideration, it is
assumed that every player will have a tendency at least a bit at all eight elements, how-
ever, they will have a preference toward one (see Figure 1). The diagram measures fun
on a scale from 1to 10, depending on the behavior of a player in-game activities and
engagement to tasks and mechanics.

For this example (Figure 1), the game includes mechanics to promote all eight
characteristics and attract every player. The player shows engagement in mechanics
and tasks that promote socializing, and the behavior is tracked through algorithms
to match the profile of someone with a social preference in the meaning of fun.
However, the diagram shows that the player still engages in activities that pro-
mote other behavior but on a smaller scale. In this essence, the player will find the
mechanics that will make the game fun mostly through socializing; however, they

The concept of fun for a player
Socialising
Game s=®==Player
Socialising
104
Aesthetics ‘ Achievement

Challenge B Immersion

Customization Competition

Exploring

Figure 1.
Socializing in a perfect environment.
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will be looking into other tasks in the game since they might help them to get more
opportunities to socialize. The same player in the second game (Figure 2) does not
find enough game mechanics promoting socializing; therefore, it is more likely that
the game is not that fun and will look at other games. Even though, the player will fit
into the game and engage with mechanics that promote fun through achievement,
competition, or challenge. Still, the fact that the game does not promote socializing
enough would probably make the game less fun for the player. The example is to
show that each player in a game is unique, and they have unique interpretation of
the meaning of fun. This meaning of fun can be measured through the behavior of a
player in-game activities and engagement to tasks and mechanics. This would then
create a psychographic for the individual, which will then classify what mechanics
will be more attractive for the player. Every player in a game will fall into a similar but
independent diagram because every player will be different.

It is important to highlight that beside the personal psychograph for the player,
there is also the relationship between players that might affect the perception of fun
for each one. For example, (Figure 3), when a player high in preference in achiev-
ing meets a player with high preference in socializing could affect the fun elements
for both. In the diagram below, it is shown how the player high in socializing is now
ranked higher (from 4 to 6) in the achievement element since they both enjoy playing
together. This is to show the complexity of measuring the element of fun for play-
ers when they play a game. However, it is important for a game to understand the
behavior of each player and the mechanics that make the game more attractive for the
player to enhance the engagement between the player and the game.

Asvideo games exhibit progressively expansive game environments, there has
been growing interest in employing generative computational algorithms to miti-
gate the cost of authoring game content [27]. These algorithms can formulate these
diagrams helping the game to provide the appropriate tasks for each player and make
the experience more personal and engaging. As Vorderer and Jennings [13], discussed
the main tool enhancing the engagement in games and differentiating them with

The concept of fun for a player
Socialising

Game ==@==Player

Socialising
10 @&

Aesthetics 2 Achievement

4
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Customization Competition

Challenge Immersion

Exploring

Figure 2.
Socializing in a lacking environment.
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The result of the interaction between
players

® Game ==s==Socialising == Achieving

Socialising

10 A\
Aestheticse 8 B sAchievement

Challenge |« = ! ® Immersion

Customization - *Competition

Exploring

Figure 3.
Interaction between players.

other entertainment industries (such as movies) is the element of control that games
provide to the player. This is the result of advanced algorithms creating opportunities
for the game to track previous behavior and provide appropriate tasks and mechan-
ics, so the player has the desired tools to progress in the game. As a result of this
interaction, the game can measure the element of fun for each player and enhance this
feeling, by providing the appropriate tools.

3. Conclusion

Professional game designers often take it for granted that people just want to play
their games, rarely examining the psychology of their gaming audience [13]. Previous
studies (see [6, 13, 14]), investigated the behaviors of players when playing games
creating a typology of them. However, previous literature with limited exceptions
(see [15]) has not investigated in depth the meaning of fun for the players ecosys-
tem. Hence, this chapter focused on exploring the meaning of fun in games, which
results in increased interaction with the gamer and absorbing more data to feed the
algorithms. The idea is that the more data an algorithm absorbs the more advanced
experience it can create for the gamer. In today’s game science, it is very important for
a game developer to apply sophisticated algorithms, which in return will create a fun
experience for the gamer not only to play the game but also return to the environment
frequently. Personal data collected can be a tool for game designers to develop future
games for specific audiences.

To satisfy this aim, this chapter has reviewed gaming literature and previous
research that focused on the behaviors of players in games and their preferences in
several types of games. Using some of these findings, this chapter created a diagram
to measure players’ behavior in a game. From there, it suggests that players’ meaning
of fun can be measured by ranking previous behavior to explain the fun element for
each player. Literature review revealed that the meaning of fun is subjective for each
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player, and it is not specific to one characteristic but a combination of a few senses.
This chapter recognized eight senses from the literature (Socializing, Achievement,
Immersion or Escapism or Flow, Competition, Exploring, Customization, Challenge
or Skill development, and Esthetics) a game can use to enhance the feeling of fun for
players. Each player will find fun in each of these eight senses, however, there will be
a significant tendency toward one of them. It is suggested that every player in a game
will develop such a psychograph based on behavior and patterns.

The outcome of this chapter is the presentation of diagrams showcasing the
relationship between fun and gaming algorithms. Presenting an example of a player
with tendency toward socializing, it showcases that a player will find the mechanics
that will make a game fun mostly through socializing mechanics, and other mechan-
ics in the game, they will be ranked supplementary in importance. This is to highlight
the importance of including enough social mechanics for that player to enhance the
meaning of fun; otherwise, it is likely that the player will not find the game as fun
as others and lose interest and engagement. Considering the nature of the topic, it
is also presented an example where interaction between the social player with other
players (in this case someone ranked high in achievement) will affect the previous
behavior and as a result, will affect the overall fun aspects of the game deteriorating
the diagram.

The concept of fun is difficult to describe, especially within a game, since it offers
a special intrinsic satisfaction to the player, which will eventually lead to the engage-
ment with the game and play. Recreating fun is expenditure of time and technology in
a manner designed for therapeutic refreshment of an individual’s body or mind in the
form of play activity. The relationship between play and fun in games is found to be
very complex and dependent on the way it is framed. Schell [51] tried to put a defini-
tion on play referring to the term as activities, which are accompanied by a state of
comparative pleasure, exhilaration, power and the feeling of self-initiative, and other
characteristics such as imagination, competition, and problem-solving. This chapter
tried to explain the previous statement, by creating the fun measuring diagram. It
is believed that game designers should acknowledge the meaning of fun for players
when building a game and include algorithms to measure players behaviors in a game
to promote the appropriate tools so to create the desired engagement.
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Chapter 3

Towards Standardizing Game
Designing Processes: Game
Designers’ Initiation Tool

Mifrah Ahmad

Abstract

This chapter intends to present game designers’ perspectives which elaborates on
the ways they approach designing games. While it is diverse, the interpretive analysis
of 17 game designers’ perspectives will be able to shed light on how game-designing
processes may be influenced by their experience-based and reflective practice, or
whether they apply formal methods based on how game-designing fields represent.
Furthermore, it discusses whether the formal methods explained by the game
designers resonate with existing literature and compare the relevance between the
practices and the literature that advocates best practices. The results are discussed
through interpretivism paradigm, to provide the essence of game designers’ experi-
ences and approaches. Lastly, it concludes with a list of common practices in their
designing processes for games and a future direction towards how we can understand
game designers’ perspectives and ease the designing process of games.

Keywords: game design, designing process, experience-based design, experiential
learning, interpretivism, interpretive analysis, phenomenology, reflective practice,
formal methods

1. Introduction

The Australian game industry has experienced a boom over the past few years. As
reported by Interactive Games and Entertainment Association (IGEA), 76% of players
are actively playing video games [1]. Parents reason that playing video games is a way
to help educate their children (19%), and 79% of them generally use games for
education [1]. Lastly, the survey indicated that 86% of parents play games that are
relevant to general knowledge, 83% games provide digital knowledge, 71% benefit
gameplay by gaining life skills, and 74% suggested that games provide cultural
knowledge [1]. Video games are reportedly used in schools for five reasons: teach
students (71%), motivate them (70%), help them pay attention (64%), help teachers
teach (63%), and help schools remain relevant (62%) [1]. While this presented inter-
esting facts about how games are used in learning, the effectiveness of using games
was reasoned as follows: gaining new knowledge (34%), new software/tools (30%),
and new skills (26%) [1]. The survey from IGEA 2020 revealed that the games
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industry grew by 29% year-on-year in 2020 and is now at a net worth of $185 million
[2]. The development of Australian video game platforms has dramatically increased
along with challenges faced in the industry, including a lack of international events,
limited contact with investors, reduced productivity, and a decrease of contractual
revenue [3, 4]. While recommendations were made to restore the Australian Interac-
tive Games Fund to support game developers [5], similar challenges were listed in the
2021 report with an added challenge of “lack of appropriate government funding”,
“attracting early-stage development funding”, and “hiring employees with specialized
skills” [6]. The preferred platforms for game development were PC (48%) and
mobile/tablet (44%). Hence, the digital games or video games used and discussed
within this research project and participants are playable on PC and iPad.

Games have the potential to provide an experience that a player encounters
through a series of interactions with the system. Costikyan [7] suggests that a game is
a form of art in which participants, terms players, make decisions in order to manage
resources through game decisions in the pursuit of a goal. Games have existed for
decades and have shown a positive influence in educational settings. Here, they are
intended to promote the development of cognitive skills or to practice various skills in
a virtual environment [8]. Defining games relies upon various aspects and points of
view. Stenros [9] reviewed 60 game definitions clearly showed the difficulty of
gaining consensus on game design requirements, and recommended the need to avoid
building limitations by adopting ontological foundations. Prominently, gaming
research intends to define a more general game definition as, “a system in which
players engage in artificial conflict, defined by rules, that results in a quantifiable
outcome” [10].

To examine and simplify educational game (EG) design process, it is crucial to
address general game design process first, because it predates specific notions such as
EG [11, 12]. Recent studies have shown that the EG design process involves various
stakeholders, with interdisciplinary collaboration necessary to move towards provid-
ing successful EGs for schools [13, 14]. It asserts the need for an in-depth and empir-
ical analysis of game developers, video game designers, and teacher perspectives to
explore collaborative research design approaches. Moreover, an interdisciplinary
debate about whether teachers’ experiences may inform game designers’ decision-
making processes has recently been addressed as a gap, by several authors [15-17].
Recently, Keogh has reported that game designers’ perspectives require theoretical
and empirical attention to understand a “fuller range of dispositions held by videogame
makers” [13, 14]. This requires a focus on how game designers differentiate between
the approaches of designing games and EGs processes, and whether their inspirations,
desires, and beliefs influence such practices. It is useful to consider game designers
and teachers first as games/EG play testers, who construct their experience as they
play and design. Such constructed experiences require an empirical and theoretical
unpacking of their experiences and perspectives on the phenomenon.

2. Related literature

Game design is known for its complex nature, which includes multiple iterations
and crafting work. Game design is known for its artistic, creative processes that
require technical integration [18]. Zimmerman [19] described it as an iterative
designing process where designers craft play and construct a set of rules directing
players’ play experience, while indirectly connecting game system rules to enable this
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experience. From a developer’s perspective, iteration can be perceived as polishing
and improving a product to ensure its requirements are functional [20]. The nature of
the iterative design process is such that those designed rules are inhabited and enacted
by the players, which in turn “creates an emerging pattern of behaviour, sensation,
social exchange, and meaning” [19]. The intention of game design is to address its
compelling nature through play. Game software design has been increasingly used to
engage with players/students, enabling players to develop skills and knowledge to
succeed in the digital world [21]. Cross [21] states that design knowledge is deeply
rooted in the various processes and people involved during the process. The tech-
niques and strategies designers use guide them in their work; the built products are
also held in such a way that shows how designed artifacts should be made.

As game design processes derive from software design and development; design,
art, software, and teams all work together on developing processes to produce a
finished product [22], and it is perceived to achieve positive results [23, 24]. Promi-
nent game design guides devote whole chapters to discussing the processes or stages of
designing games [11, 25-27]. For instance, Fullerton [27] frames the core concepts of
designing games through a play-centric model, which is iterative (cyclic) in nature
and repeats the phases (idea generation, conceptualization, testing, and evaluation) to
advocate for the needs of the players. Schell [11] elaborates on the importance of game
experience and elements while surrounding the discussion on tools and approaches
with self-reflective, iterative, and game designers’ experience. For Schell [11], the lack
of systematic view or transparency has raised some debates in academia. It is not
theoretically organized, but more relevant to practicing design [28]. Salen and
Zimmerman [10] also emphasized the testing and iterations of the game as a product
to ensure it provides a meaningful experience for the player. Similarly, Adams (2014)
emphasizes iterative refinement to elaborate on the design by implementing game
components and features and refining them through testing.

Game development also include agile methods, which have been reported to be
beneficial, based on placing an iteration at the beginning of the designing process
[29, 30] or using iterative design through a scrum (see details of agile1 method [29] to
enable sprints (short documentation of progress through designing and planning
game designing procedures) for a reliable end product. To briefly explain, software
development methods such as SCRUM, Lean, or Kanban are adapted and applied in
game design and development due to games being software [30, 31] and that games
are potentially improved with iterations of each prototype [32-34]. Larman’s
meta-analysis also suggested models, including spiral* models for their cyclic nature,
or risk-driven approaches rather than strictly specification-driven or prototype-driven
processes [32, 34, 36]. Lastly, game design using software modeling approaches and
emphasizing the iterative/cyclic nature of designing games requires more empirical or
in-depth research methods, that involve the voices of game designers and developers
who can share their daily practices in the field [20]. As Kultima [20] suggests, the
nature of game development and design is “volatile” and tends to have limited time to
form an explicit methodological approach. This does not mean that game developers
and designers are not applying/adapting to existing models. Rather, there are various

! Agile software development method includes processes: requirement, Design and Develop, Test (cyclic),
and deploy [30].

% Spiral model includes processes: determine objectives, identify and resolve risks, development and testing
and plan the next iteration (cyclic) [35].
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assumptions, design values, beliefs, and prior software design experiences that poten-
tially guide their thought processes. As developers iterate, reflect, and adapt on past
successes or failures, these assumptions and values may not always be immediately
apparent to them [33, 35, 37, 38].

Due to the adaptive nature of game design, no explicit models are suggested that
produce the desired end product, as games are a multidisciplinary field of research
that positions the players/intended audiences as end-users [28, 39, 40]. Kultima [28]
also argued that game making is not a part of basic education; hence, it has the
potential to be misunderstood. It is because game design praxeology sheds light on the
experiences that creators go through while making, designing, and developing such
games. With game design processes being pluralistic, opportunistic, and iterative [28],
their timeliness and the values integrated within the designing are considered a pool of
ideas that are combined within a system to create such experience. The published
literature acknowledges that a new game can be approached from many different
points of view (concept, art, theme, object, etc) [11, 26, 39]. One way to initiate a
concise and narrower approach to designing a game is to focus on the game’s core
elements [39]. Core elements include rules, core mechanics, the setting or the envi-
ronment, and the characters or story [39, 41]. This approach is called the game as an
artifact.

On a different note, the game development and designing process is centred
around ‘who are the audience or the players of the game’. This is because it influenced
the decision-making process of selecting designing core elements with the notion of
player experience as a priority [11, 25, 42]. Hagen [39] called this approach designing
for player experience. Hagen [39] posited that Dewey’s art as experience [43] is
relevant to user experience, and advocated for using function (usability of the game)
and experience (look and feel) in game design. Hagen [39] reported autobiographical
responses of a game design team (game designer, developer, lead designer, etc.) and
suggested the need to encourage game designers to reflect upon their experiences and
practices or employ different approaches that could be insightful in gaming industry.
However, Hagen acknowledges that the experiences of game designers are subjective,
and that interviewing one design/development team does not provide rigorousness in
understanding the design experience.

In relevance with experience of game designers and players, an expanded game
experience (EGE) model was proposed to consider a wide range of factors [44]. The
EGE model provides a detailed description of stages and game states that game
designers can consider when making conflicting design choices, however, it is yet to
be applied by game designers in practice. The factors include:

a. Whether the focus of the game is relevant to a formal structure,
b. The experience required through play,
c. The continuum of gameplay experience.

As described above, a conventional software design process is driven by a list of
requirements or specifications; however, in most cases, it is driven by the user’s
experience [11, 40]. Here, game designers’ position themselves in the players’ minds
where they anticipate what the latter will experience, and then consider their
decision-making by designing the game with compelling experiences, similar
to achieving desired play experience [40]. Moreover, this is also considered
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experience-based communication, which seeks to “impart knowledge or skills to
users,” as it is crucial for the game to influence players’ personal beliefs and attitudes
[40]. Another study presented a Simple Model of a Game (SMG) and explained the
design process in the following manner [45]:

a. Idea generation: game goals (effects on player emotions), topics (setting/world/
environment), scope, worthiness, feasibility, and features,

b. Design process: A design document (detailed steps of game communication and
interaction between players and the game), the game structure (how does the
system work?), the scope and its interaction with the player while playing,
interactivity style and implementation details,

c. Implementation/development,
d. Testing/modification in relevance to game goals.

Zagal et al. [45] advocated that the success or failure of a game “ultimately
depends on the underlying ideas and skills of the designer and developers” (p. 450).
Although the model is informative and consistent with software design processes such
as agile or scrum, it suggests the need to involve the views and skills of game designers
to explore the unique human qualities required.

In addition to being a commercial endeavor, game creation also involves a process
that goes beyond just satisfying customers. This complexity adds to the generaliza-
tions of the design process in game research. For example, a study observed game
design literature and the notion of user-centered design and introduced the concept of
“abusive game design”, which explains the challenges of design practice in relation to
player advocacy [46]. Drawing such generalization within game design research can
potentially add complexity [28]. Another study reported three overlapping phases in
design research [47]:

1.Experiential (designers draw from their personal experiences of the design
processes)

2.Intellectual (formation of theoretical constructs for design methodologies,
principles, and methods)

3.Experimental/empirical (consideration of empirical published research on
current practices)

Kultima [28] stated that positioning such theoretical progress aligns with the
current field of game design research; however, it is a generic approach. In addition,
in the game design literature, the term design patterns is relevant to all game devel-
opers [48, 49], however, it has been reported that it is not as valuable in daily practice
[28]. The design patterns refer to game designers’ patterns for making games, and
how this shapes what they create. That is, design work is more solution-oriented than
problem-oriented and uses the designers’ own preceding reference systems.

Moreover, the playability and design patterns in EG have been reported to enhance
player experiences that include interaction and blending of educational objectives;
however, the tools and guidelines suggested need further explanation by game
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designers in their practice, as the proposed playability development processes requires
heuristics from various stakeholders to test with players. Here, it is essential to note
that the design pattern alone is not the solution to a successful game-designing pro-
cess; however, they are part of game designers’ choices when doing so.

2.1 Magical powers of game designers

The initial assumption about game designers is that they approach learning and
teaching through games differently; there is a need to understand and organize the
data from game designers’ interviews using a different framework. An EG design is
challenging for game designers as they have to correlate, create, and reduce complex-
ity, but facilitate learning. As Kalmpourtzis ([12], p. 53) quotes, “Various factors
correlate with each other, creating a complex, yet magical, opportunity to facilitate learn-
ing”. The game-designing process has been repeatedly mentioned as an iterative task
that is reflected upon with the game’s primary goal in mind. With this thought, “We
could try to think of educational game design as a magical triangle, at each corner of which
is an important aspect of the design process: Players, Game, and Learning Aspect” ([12],

p- 53). This triangle represents “the Magical Powers of the Game Designer”, as a game,
that includes educational and fun elements needed to make use of all three aspects. In
addition, the game designer is the center of the triangle, and all aspects interact and
are inseparable; as the quote suggests, “The role of an educational game designer in this
sense is to bring balance to this triangle in ovder to create an engaging learning game”
([12], p. 55).

Alongside this magical triangle, there are four ‘filters’ that affect the way games are
developed. They highly influence the game designers’ perspectives: (1) The Filter of
your Inner self, (2) The Filter of Players’ Expectations, (3) The Filter of Designers’
Ethos, and (4) The Filter of Teaching Accuracy.

Referring to the Magical Triangle ([12], p. 54), players, game, and learning aspects
and their inter-relationships become essential elements to create games such as story,
mechanics, and their interactions [13]. The emphasis is on game designers to ensure
that the balance is maintained in the system between the realistic and imaginative
context of design. But it is not clear how all these filters fit into the Magic Triangle
(Figure 1). Therefore, the need to empirically explore the perspectives, beliefs, and
values of game designers that could potentially influence their decision-making
through design processes has not yet been theoretically examined.

3. Theoretical and conceptual relevance of data analysis and
interpretation

The conceptual and theoretical framework adopted in this paper relates to Dewey’s
theory of experience [50] concepts: growth of experience, purpose, and continuity.
As these concepts were relevant to the epistemology and ontology of the research,
constructivism belief is situated as the paradigm to allow the construction of new
knowledge which welcomes the subjectivity of individual experiences [50]. The
growth of experience represents how individuals grow in their careers, experience
everyday activities to gain knowledge, learn to achieve their goals, sustain their
understanding of the phenomenon, and continue to grow in their experience. The
aspects of ‘growth’ are driven by one’s desire to formulate a ‘purpose’ that reverts to
the growth of experience with the intelligence of one’s mind. In this context, the adults
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Figure 1.
The Designers’ Magic Triangle (left). (Adopted from [12].)

whose learning methods combine work and studying, or theoretical and practical
exposures are highly familiar and productive in their expertise.

The purpose is simple when a desirable quality “... which identifies freedom with
power to frame purposes and to execute or carry into effect purposes so framed. Such
freedom is, in turn, identical with self-control; for the formation of purposes and the
organization of means them are the work of intelligence” ([50], p. 67). Dewey’s
description of an actual purpose is that it begins with an impulse. It is always equipped
with “end-view”—which is involving “the foresight of the consequences that may result
from acting upon that impulse” ([50], p. 67). Game designers create meaning and
constantly reflect through their actions as the games are play-tested, designed,
prototyped, iterated, or conceptualized. Hence, deriving an enriched experience
shows an individualized aspect of comprehending how game designers differentiate
games and EGs, how they distinguish between those above, and their dilemmas in the
decision-making process that necessarily require their attention.

The principle of Continuity is where each experience taken from the past affects
the future experience of the individual. In contrast, interaction refers to the situational
and game designers’ influence on players’ or students’ experiences. Dewey believes
that the elements of interaction and the situation occur concurrently. Some challenges
may be encountered despite the importance of experience, such as “that all experi-
ences are genuinely or equally educative” ([50], p. 13). Hence, the game designers
must first comprehend the nature of human experience, stating that the effect judges
the experience’s value that this experience has on the individual’s present and future,
an individual’s ability to contribute to society. Therefore, it is directly relevant to how
game designers evaluate players’ experience while playing the game. In this context, it
does not matter whether the player is a gamer or a learner. This is placed directly to
the idea of how game designers interact with every individual’s needs, to be able to
support their cultural and social differences, and to allow them to learn/play equally
and freely. Experience, which may be enjoyable, may not contribute to personal
growth or experience with no coherence to a situation that does not necessarily result
in a cumulative learning foundation for future learning.
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The theory of experience has been discussed and applied in many types of fields,
and the prominent Kolb’s cyclic model [51] of experiential theory was built on the
works of Dewey and has provided its means in the field of education and EGs. As
described above, experiential learning is simply defined from the perspective of how
learners experience a phenomenon and use that to facilitate learning. It has become a
mutual ground for both teachers and game designers attempting to integrate game-
based learning with education [10, 51, 52]:

* Learning involves participation in the real-world

* There are intimate relations between experience and education.

* Understandings are derived from and modified through experience.
* Meaningful learning consists of action and reflection.

* Experiential learning is also based on the belief that people learn best by doing.

3.1 Participant recruitment criteria

Initially, the location was set to Victoria state, Australia; however, due to the
pandemic, location expansion was obligatory. With criterion and snowballing recruit-
ment procedures, semi-structured qualitative interviews with 17 game designers in
Australia were completed (January 2020-October 2020). The criteria set for the
recruitment process are shown in Table 1. Each interview session is approximately
2 hours and 30 minutes (Zoom, Discord, Google meet, MS Teams). This paper inter-
prets one central theme (from six themes) emerging through the coding analysis.
Consequently, the phenomenological approach is adopted to allow the researcher to
uncover the essence of lived experiences described as the qualitative researcher pur-
sues to identify the phenomenon of human experience and then derive a description
representing the experience’s very nature [53]. The essence should not be viewed as a
vague idea but rather the ability to identify the meaning embodied in the lived
experience [54].

3.1.1 Data collection method and interpretation approach

The interviews were audio-recorded, transcribed, and time-stamped. An initial
hand-coding approach was adopted before an in-depth thematic analysis using NVivo

Criteria Participants’ details
Location Within Australia (Victoria, New South Wales, Queensland. South Australia)
Years of experience Between 5 years—19 years in the gaming industry
Type of experience Designing and developing games (all types of genres). Must have experience
in designing EGs.

Types of player’s All demographics. Primary school players’ demographics are beneficial.
demographics

Table 1.

Participant recruitment critevia in this study.
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Figure 2.
Steps of thematic analysis. (Adopted from [55].)

10 software. This research adopted a six-step thematic analysis approach [55, 56], as
shown in Figure 2. This analysis aims to allow game designers’ perspectives discuss
through reflective experience, their experience designing both types of gaming sys-
tems (its growth and continuity), and the way they criticize the conceptualization of
games before they are designed (framing the purpose of designing games). Interpre-
tive results are discussed through the interpretivism approach, where hermeneutic
analysis is adopted to allow the subjectivity of game designers’ experience. Conse-
quently, the results are rigorously discussed to demonstrate experience in designing
games and EGs, what they believe games and EGs have in common, and how they
distinctively describe their professional opinions. Lastly, the analysis also correlates
and is critically interpreted through researchers’ epistemology and ontology position
as well as concepts of the theory of experience.

4. Interpretive results discussion

This section discusses and interprets the central theme and sub-theme to demon-
strate the perspectives of game designers’ towards how they approach towards
designing games in their daily routine as game designers. The following question: how
do they generally approach designing games and what are their go-to methods/
approaches/considerations? Understanding game designers’ approaches and pro-
cesses (throughout the lifecycle of the game), including any starting steps or crucial
steps that they consider throughout their design processes are presented in this theme.

There are two sub-themes identified and categorized to narrow down the follow-
ing discussion:

1.Formal approaches (game designers explicitly mentioned an approach/
model), and

2.Personal experience-based designing approaches (their practice-based
experiences, and intuitively adapting to the requirement of the game).

Please note that all names mentioned in the analysis are pseudonyms. The validity
consideration of data analysis towards the authenticity and accuracy throughout the
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research is achieved through techniques including triangulation (examining with the-
oretical concepts, investigator, and data triangulation), and peer debriefing,
prolonged and persistent engagement with the raw data set to allow critical and clarity
throughout the analysis and emergence of themes to be compared.

4.1 Formal approaches and processes of game designing

Seven game designer participants mentioned a specific method when asked how
they approach the game design process in relation to a specific model or method:

1.Math concept,
2.Game jamming,

3.Three broad ways (via a publisher, solo indie development, and client’s feedback
on ideas),

4.Top-down (traditional software design),

5.Bottom-up (non-traditional software design but still effective),
6.Conceptualization from pre-production,

7.Three spaces (theme, mechanics, and props).

With seven uniquely identified game design approaches in the data analysis, it is
crucial to describe their unique position, techniques, or steps individually. These
methods were distinctively approached with constraint (social control) that influences
their decision-making. These constraints are from within their studios or their central
pillars/rules or in the timeline in relation to their budget, and the complete design
processes must be reached despite these constraints. Hence, I observed that game
designers were reflecting towards the situation where they work, they are obliged to
adapt into that social and collaborative environment (freedom), where their ideas develop
throughout the process (continuity) to ensure that they complete their collaborations
through teamwork and that their belief in exchanging ideas and concepts was thoroughly
demonstrated through their explanations; The growth of experience based on a purpose.

I begin with the math concept approach and how it assists game designers. It is
known as a fundamental foundation of successful game design, and it is commonly
adopted in software engineering. It allows the ability to provide a calculative trajec-
tory in correspondence to the player’s choices and ensures that mechanics work
entirely in response to the player’s interactions with the game. As metaphorically
suggested by video game developer “It is the flour to the cake that game developers are
trying to bake. Without it, the cake wouldn’t rise” [57]. In addition, Stenquist [57]
demonstrated that the Math Concept allows the game design to become ‘whole’:
animation, game engine architecture, gameplay scripting, analyzing player’s interac-
tion, timers, physics, graphics, path findings, etc., are all achieved through the Math
Concept. For instance, Betty explained:

“Starting with an idea, or math concept or a theme, which will have a math concept
method, or we find the artwork, but we need an innovative idea to go with it. So, we
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use the math concept to create the procedural design by leveling our design through
prototyping and iterations constantly, to visualise it as a whole game idea”.

Game jamming was mentioned by Joel. Game Jams are also conducted yearly
around the globe as a platform to provide game designers a way to rapidly prototype
game design ideas. It inspires growth across the gaming industry through the use of a
given theme and constraints [35, 58, 59], that are represented in annual game design
competitions [60], and recognized as the world’s most significant game development
events, with approximately 150% growth per year [61]. For instance, Joel explained
how this process allows game designers to develop their abilities to learn, challenge
themselves, become creative, and work through macro and micro levels of design
within time constraints. It can be observed that the continuous repetition of the initial
purpose of the game within the situational constraints provided to game designers also
demonstrates social control and freedom. Hence, their personal desires and inspira-
tions to become a game designers allow their persistent willingness to take challenges
and grow their experience as game designers believe that you learn by doing. As
Dewey acknowledges that art is not disconnected from our everyday lives and expe-
riences, it is an ‘intensified’ form of experience. Art as experience ([43], p. 3) seems to
be something that happens; it is the experience of the artist doing the work and the
audience receiving it [46]. As Joel indicates:

“Usually, game jams or a quick mini game project. Game jamming process is associ-
ated with micro development challenges, small teams, and time allocation. Our inter-
pretation of the theme expands to the game idea, we'll ve-evaluate and try, iterative,
test-driven with often emergent acumen. What part is fun, and then pivot to do
that ... brainstorming, and then in a real-world (a studio)”

The three broad ways consist of (1) publisher, (2) solo indie development, and
(3) client’s feedback on ideas. For instance, Terry states: “Why are we making this
game at all? What'’s the point? What are the circumstances in which the game is being
made?” In addition, production constraints and the timeline of projects are influential
in decision-making throughout the processes, Terry asserted: “What is the context?
Competitive games relevance? Target audience? De-constructing velevant games? And are
there any core pillars to allow multiple decision-making to remain consistent?” Under-
standing at a meta-macro level is necessary for game designers to understand the
concept and explore its possibilities. The concept is developed and is then in need of
an overall game design. For instance, Terry explained that there is usually a lack of
players or target audience available for game ideas to be tested. Therefore, a website
called Quantic Foundry provides detailed research into different demographics and
preferences for different styles of gameplay [62]. This positively assists their game
design process.

As mentioned by Terry: “it’s about adding continuous details, layers of details ...
articulate it in words... images ... iterate... prototype ... ” This process reconnects
with how the continuity, interaction, and freedom concepts (Dewey) can be posi-
tioned in designing games. In addition, game designers’ developing experience
increases versatility in game ideas. The situation in which they comprehend and
evaluate the impacts of their decisions on how they approach games design is
complicated and time constrained. As shown, it is a ‘rolling-the-ball’ scenario type: to
visualize what lead to the desired outcome and what hindered the process. As Terry
quotes:
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“... [Questions stated above] ... do a deconstruction of the competition to know what
the conventions are [ ... | corvelating with the defined design pillars or core pillars, so,
selecting central tenets that you repeatedly encounter as you're making decisions. Iden-
tify its supporting elements and correlating with initial idea [discuss with team] ...
ideally, get feedback from people outside of the team to get fresh perspectives.”

The top-down approach is known as the traditional game design approach [63],
where game designers indulge in defining and abstracting an idea which is the foun-
dational concept for the game at its initial stage: it breaks down its game style, setting,
and plot motivations within the concept of the game including story elements, fiction
and esthetics, etc., ultimately demonstrating a cohesive game design (see Raymond’s
extract below). To begin with, it is focused on the concepts (vision) and context of a
game; as the layers progress in the model, the game-related functions are clarified. As
Raymond explained, there is a need to have a clear and detailed definition of crucial
game features, including mechanics, rules, and interactive action elements to allow an
accurate picture to emerge through the process. To provide verbs that manipulate the
system and provide feedback to the player and the game world, as actions are
performed. Hence, the desired concepts, goals, and features are built. This model is
available in Gamasutra [63]. The layered view of a Game design model [63], is
presented in Figure 3. As Raymond quotes:

“... Alot of it is primavily top-down approach, stavting with a vision of the game. It's
an admission that involves fictional worlds, story elements, some interactive action
elements. It's what you might imagine being a typically inspired response to playing
games ... so all my play experiences of many games begin to envision things of the whole
product.”

The bottom-up approach is further mentioned by Raymond and Charlie. As
shown in Figure 3, Raymond also uses the bottom-up approach as it allows him to
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Figure 3.
Layered view of a game’s design: top-down and bottom-up process. (Adopted from [63].)
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begin with more minor interactive elements before the whole game system idea
emerges: “I have used both approaches and it depends on what the game really needs”.
Charlie, on the other hand, she emphasized that: “I feel it’s very effective the bottom-up
approach because we’re starvting with the minor intevactions with small elements by defining
and exploring what they are and that guides how the vest of the game’s content and design
holds out”. The top-down and bottom-up approaches are mainly found in software
design, and these are commonly used terms [64], however, the interpretations vary in
a different context, and the technical basis of the terms requires differences in starting
points for designing software.

The sixth approach is called conceptualisation from pre-production (low-level to
high-level design), which was highlighted by James. This approach is similar to how
Adams [42] explained that there are three stages of the design process: (1) concept
stage, (2) elaboration stage, and (3) tuning stage. This matches the game design
approaches adopted by 10 of the game designer participants. It can be argued that
these three stages are not applied by all 10 game designers in this study in the same
fashion. However, the similarity must be addressed. I observed that James acknowl-
edged this approach as: “So, a specific reason to venture into designing/amending changes
in game design. Sometimes, we encounter a specific design problem: how are we going to fix
that?”. The concept stage usually requires a few weeks to sort the game ideas and test
to ensure that the elaboration stage has begun. Here continuity and interaction
through playtesting rectify the concept before the product develops a deeper sense of
understanding and enables shared experiences through learning and engaging with
other team members.

[James]: [ ... ] starting with a pre-production phase as designers. That's essentially like
the ‘incubation period.’ [ ... | start thinking about what it is that you want to do? Why?
[ ... ] a reason to accomplish such as the need to improve this [existing game part], or
we need to add features [design] ... for further enhancement ... Learning what
players want move, brainstorming ideas [a high-level design to low-level design]>...
iterating details, veaffirming amongst designers, and then unfolding with the team to
develop it.

The last method suggested was three spaces: (1) theme, (2) mechanics (rules and
interaction) and (3) prop. This method was described by Timothy that you begin
designing a game on either of the three spaces and explore further the depths of core
interactions, players’ position in the design and rules, etc.; as explained in [65]. Here,
concepts of interaction and situations are prominently observed. The game designers
are inspired and create their desired ‘intelligence’ to form around the concept. The
sole purpose is formed in parallel to the game system. With intelligence, the freedom
that game designers must execute the purpose of designing games is practically
framed throughout the procedure in parallel, resulting in a complex game design. As
Timothy explains:

“[ ... ] remembering older games’ concepts and constantly reflecting on them to vecreate
them differently ... that games are designed from one of three spaces: theme (like the
fiction, game narrative), a mechanic (interaction of rules or rules like objects that you

3 Larger concepts of the game into more minor aspects of games—Generic terms used in software designing
process.
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wish to combine) or you have a prop (a material or toy that you use as inspiration
for the game)!”

4.2 Personal experience-based designing approaches

According to the data, most game designers do not start a game from scratch. Joel
mentioned: “It is highly unlikely that we begin from scratch!”. They mostly begin with
an idea, a concept, or a theme that they have been thinking or reflecting on. Some-
times, they reflect upon the best and the worst games played in their experience and
took that idea forward [66]. As observed in the earlier sub-theme, other game
designer participants mentioned either a theme, a concept, a mechanic, or a physical
prop (tangible material) to start a game design approach.

This theme generalizes how 10 out of 17 participants had a similar approach to
designing games. Their description to ‘how they design games’ was informal, incon-
sistent, interchangeable, and unpredictable; however, their overarching terms used to
describe their processes included:

1. Conceptualization,
2. Reflective-based design experiences, and

3.Generalization of designing processes that were influenced by various formal
methods. As they suggested that their beginning steps are to consider:

[Nora]: “self-learning or positioning themselves in the context”,
[Blaire]: “conceptualisation and brainstorming”,

[Ross]: “who is my audience?”,

[Paige]: “Is there a theme or goal with rules?”,

[Max]: “Brainstorming and experience expectations.”

[Anne]: “Specific concept challenge and link mechanics and rule”,
[Charlie]: “Starting with a verb.”

[Tia]: “vesearching what exist and innovate”,

[Zack]: “Ideation and mechanics”,

[Warren]: “Concept art, conversations, themes, mental models”.

Some published work supports certain processes such as brainstorming and con-
ceptualizing approaches, along with techniques including ideation, prototyping, test-
ing, player’s psychology involved in designing games [18, 27, 42].

All game designers mentioned the process of conceptualisation in close relation
to prototyping and iteration. Dewey positions art as experience as a part of the
overall human experience [46]; that it is born in the lives of the artists based on the
conditions and societies that surround them. This demonstrates the importance of art
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in experience and its relevance to the growth of experience [46, 55]. To quote Dewey
([43], p. 3):

“When an art product once attains classic status, it somehow becomes isolated from the
human conditions under which it was brought into being and from the human conse-
quences it engenders in actual life-experience.”

This section concludes with different approaches to game designing that the game
design participants use in their practice.

5. Proposing Game Designers’ Initiation tool

As the interpretive results discussion suggests that there are two broad approaches
that game designers use for game designing: Formal methods and experience-based
approach. To conceptualize these approaches, methods, and techniques that are
suggested by the game designer participants, the representation of these methods and
approaches are presented in Figure 4. This framework is called the Game Designers’
initiation tool. As Dewey suggested in terms of generalization and registering the
experiences individuals’ have accounts for a more revolutionized and
conceptualized understanding of a complex phenomenon such as the game design
process. He states:

“The idea that generalization, purposes, etc., ave individual mental processes did not
originate until experience had registered such a change that the functions of the

—v| (1) Math Concept
—-{I (2) Game Jamming
f (3) Three Broad-ways
-{ (publisher. indie development (solo). and
Client’s feedback on ideas),
(4) Top-Down
+ Farmal Methods ).__.{ (traditional software designing)
_| (5)_B;)ttom-bp (P-_I on-md_itiona!_bm
effective)
Game Deﬂgning 7‘: (6) Conceptualization from Pre-production |
approaches and (low-levels to high-level design)
Methods + (7) Three Spaces (Theme, Mechanics |
(rules and interaction), Prop)

Conceptualization (brain-storming ideas,
Experienced-based [ themes, props, mechanics, prompts)
Methods

7 , Reflective practice (reflective leaming of
previous game designing procedures)

Generalization and abstract
conceptualization of play experiences

Figure 4.
Proposing Game Designers’ initiation tool.
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individualized mind were productive of objective achievements and hence, capable of
external observation.” ([66], p. 215)

6. Further recommendation

This chapter reports on a part of a larger study, however, it is crucial to identify
and examine the difference in the approaches to designing games that are addressed
by the game designers based in Australia and how that seems to be a challenging
aspect in researching fields of game design and development. There is a need to ensure
the inclusivity of game designers/developers from the industry into academia to help
nurture the desired processes of game designing with the researching drive in the
field. Moreover, I would urge the researchers in the field to explore a few more sub-
areas through this lens of experiential learning:

1. Understanding the gaps between practices with researching game models and
frameworks and whether those are useful for the game designers/developers.

2.What is actively adopted in the industry by the stakeholders and what is being
proposed by the academia in the gaming field.

3.Finding a bridge between the two gaps mentioned to enable a better
understanding across all game genre/fields including EGs, serious game,
instructional game designs as well as other areas.

4.Finding effective data collection methods that can enable a deeper learning

curve for researchers as they may potentially gain knowledge from experts in
the field.

7. Conclusion

This chapter identifies the prominent game designing approaches and methods
that the game designers in Australian gaming industry apply. Two prominent catego-
ries have emerged through the data analysis: Formal methods and experience-based
methods. Game Designers’ Initiation tool is proposed to assist game designers in their
practice to begin their designing process. This is to demonstrate an easy projection on
selecting the game design process based on what other factors are compiled into their
game ideas. This research will continue to bridge the gap between various gaming
genres.
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Chapter 4

Automatic Generation of Game
Content Customized by Players:
Generate 3D Game Characters
Based on Pictures
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Abstract

With the advancements in hardware, deep learning, and the invention of generative
adversarial networks (GANs), the integration of games and artificial intelligence
(AI) has mostly focused on assisting game development, such as creating maps,
skills, monsters, NPCs, and levels. In this chapter, a different approach is proposed,
which utilizes artificial intelligence in games to allow players to customize game
content. Based on this concept, a method for automatically generating 3D game
character models using images is presented, specifically the Parallel PIFu (Pixel-
Aligned Implicit Function) model. This method leverages the characteristics of the
PIFu model and combines the features of the generated 3D models from the front
and back views of the person captured in the images. By merging these features, the
method produces 3D character models that preserve the details from both images
without any missing body parts. This approach builds upon existing techniques for
automatic generation of character models and further enhances them. It enables users
to simply use their mobile phones to capture images of their desired characters, which
can then be automatically transformed into corresponding 3D models. These models
are compatible with most existing games on the market, allowing players to easily
create personalized appearances for their in-game characters and enhance the overall
gaming experience.

Keywords: Al in games, player customization, 3D game character models, immersive
gaming experience, deep learning

1. Introduction

With the evolution of technology and advancements in hardware devices, the
gaming industry has witnessed continuous innovation. From classic games like Snake
and Space Invaders to modern titles such as Monster Hunter and League of Legends,
the gameplay and content of games have expanded significantly. This is largely
attributed to game designers who incorporate imaginative ideas to create unique and
enjoyable gaming experiences for players. As artificial intelligence (AI) technology
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matures, game developers have started leveraging Al not only as non-player charac-
ters (NPCs) but also across various elements of the game, aiming to enhance player
enjoyment and enrich the game’s content.

In order to enhance gameplay and player enjoyment, many game developers have
shifted their focus from 2D games to 3D games. However, this also brings a challenge for
game developers to find an effective way to generate a large number of 3D characters.

When converting 2D models to 3D models, developers need to address how to pre-
serve the proportionate details of the characters and maintain realism and physicality
during character movements. They also need to ensure consistency in the model from
multiple viewing angles. Consequently, the process of 2D to 3D conversion involves a
significant amount of modeling work. This not only consumes a considerable amount
of time but also incurs corresponding costs in terms of hardware resources. Despite
the existence of Al-generated techniques, most current research focuses on facial
model modifications, and there is relatively less functionality available for full-body
modeling. As a result, the templates provided for automatic adjustments in games
mostly concentrate on facial features.

Currently, many games incorporate a step where players can create their own
virtual characters before starting the beginner’s tutorial. This seemingly simple step
is a crucial aspect of allowing players to bring their own experiences into the game.
Recently, many games have introduced systems that allow players to freely adjust
parameters, enriching the appearance possibilities in the game. However, at times,
having too many adjustable parameters can lead to the problem of spending excessive
time on character creation.

Therefore, this chapter proposes the concept of combining Al-generated content
with player customization in games and, based on this concept, introduces a method
for generating 3D game character models from images. The results demonstrate that
this method can effectively generate 3D character models corresponding to casually
captured photos, which are compatible with the majority of games on the market.

It allows players to easily create their own character appearances in the game and
provides game developers with a tool for 3D character modeling.

2. Literature review

In order to generate 3D characters that can be applied to games from images, this
section involves body shape and posture prediction, 3D model generation, and human
skeleton generation. The above-mentioned related technologies will be discussed below.

2.1 A Skinned Multi-Person Linear Model (SMPL)

The Skinned Multi-Person Linear Model (SMPL) [1] is a data-driven approach that
uses a base human body model to simulate various body shapes and poses through
extensive training. This model allows for deformations of the base model by utilizing
low-dimensional parameters obtained through principal component analysis (PCA),
which represents variations in height, weight, and other body attributes.

2.2 Human Mesh Recovery (HMR)

The Human Mesh Recovery (HMR) model [2] is a 2D-to-3D model that can
reconstruct a 3D human model from input photos containing human subjects. The
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architecture of HMR integrates feature extraction, the SMPL model, and GAN
models. HMR takes image features as inputs to the SMPL model, which then infers the
3D human model. The inferred model is projected back onto the 2D image to compute
the loss. To ensure that the generated poses are realistic and satisfy the constraints of
3D joint angles, HMR employs a GAN discriminator to distinguish between the gener-
ated model and real human models. This helps improve the quality of the generated
results, making them more consistent with real human movements. Additionally,
during training, HMR does not require paired 2D images and their corresponding 3D
models for supervised learning.

2.3 Generating 3D models of clothed characters from 2D images

In the realm of generating 3D models of clothed human bodies, notable
advancements have been made, particularly with the Pixel-Aligned Implicit Function
(PIFu) approach [3-5]. PIFu excels in inferring the surface details of single and
multiple views of an object, showcasing outstanding performance.

There are two common representations for object surfaces: (1) explicit surfaces
and (2) implicit surfaces. Explicit surfaces directly provide the points on the surface
or use mapping relations to obtain them, while implicit surfaces do not explicitly
represent the points but describe the relationship that all points on the surface satisfy.
Each representation has its pros and cons. Explicit surfaces allow easy sampling of
all points but require significant storage space and cannot determine the relationship
between an arbitrary point and the surface. Implicit surfaces, on the other hand, can
easily determine the relationship between any point and the surface, require less stor-
age space, but are challenging to sample all points on the surface. In PIFu, an implicit
function is utilized to define the object surface [6] due to its storage efficiency.

Although there have been previous attempts to generate 3D models by inferring
object surfaces using implicit functions [7-9], purely relying on implicit functions
cannot accurately capture the details in the input images. To address this, the concept
of Pixel-Aligned is introduced. It involves incorporating the features extracted from
the corresponding positions on the input images using a fully convolutional image
encoder and a multi-layer perceptron (MLP) into the implicit function.

Compared to solely learning the implicit function in 3D space using global fea-
tures, incorporating image features helps preserve the local details present in the
images. However, PIFu has its limitations in practical applications. When reconstruct-
ing 3D models from a single view, although it avoids generating fragmented models,
the reconstruction of the side profile of a person or the unobserved side not present
in the photo is not ideal. When reconstructing from multiple views, while the overall
reconstruction is more complete compared to a single view, it relies on using differ-
ent-angle photos that have the same camera perspective and distance to the target
object. Even slight perturbations can lead to less ideal 3D reconstructions, potentially
missing important body parts such as hands and feet.

2.4 Automatic generation of 3D character skeletons

Automatic skeleton prediction can be divided into two main methods: (1) skeleton
embedding and (2) skeleton extraction. In the skeleton embedding approach, the
primary goal is to construct the geometric structure of the input model and define a
penalty function for skeleton embedding. The predefined skeleton template is then
embedded into the geometric structure to optimize the skeleton and obtain the final
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result. Pinocchio [10] is the most representative method using this approach. On

the other hand, skeleton extraction is a more commonly used method for automatic
skeleton prediction. It involves inferring the skeleton that fits the model using specific
algorithms [11-14] or deep learning models [15, 16].

Both methods have their own advantages and disadvantages. The advantage of
skeleton embedding is that it fully utilizes prior knowledge of the skeleton and does
not rely solely on geometric topology. For example, the ear region does not require
skeleton binding. However, due to the distinct geometric features, the skeleton extrac-
tion method may generate skeleton structures that do not correspond to the intended
movements. A notable drawback of skeleton embedding is the need for prior knowl-
edge of the skeleton prototype corresponding to the 3D model actions. On the other
hand, the advantage of skeleton extraction is that it can handle a wide range of 3D
models as inputs, such as birds, dinosaurs, and humans. Consequently, most related
research focuses on skeleton extraction. However, the downside is that it may generate
skeleton structures that do not align with the intended movements due to prominent
geometric features. Since this chapter focuses on human models, the skeleton embed-
ding method will be adopted.

In this chapter, the integration and improvement of the aforementioned tech-
niques are employed to generate 3D character models suitable for use in games.
Firstly, the HMR and PIFu models are utilized to generate 3D human models with
clothing. The HMR model estimates the 3D pose and shape of the human body from
a single 2D image, while the PIFu model performs detailed 3D reconstruction of the
human body, including clothing, based on a single 2D image. This enables the genera-
tion of high-quality 3D human models with clothing.

Next, the generated 3D models undergo skeleton embedding. The skeleton
embedding method, mentioned earlier, is employed to embed a predefined skeleton
template into the geometric structure of the 3D models. Optimization using penalty
functions is applied to achieve the final skeleton structure.

Finally, the skeleton is bound to the 3D models, and animations are created using
the built-in environment of Maya. Maya is widely used software for 3D modeling
and animation, offering a rich set of tools and features for skeleton binding, keyframe
animation setup, and smooth animation effects. By performing skeleton binding and
animation setup in Maya, interactive 3D character models with realistic movements
can be created. Ultimately, the generated 3D human models with animations are
exported for direct usage in games, enhancing realism and interactivity within the
gaming environment.

3. Methodology

The methodology employed in this chapter is a combined model based on three
components: Human Mesh Recovery (HMR), Pixel-Aligned Implicit Function (PIFu),
and Pinocchio. By using this integrated model, users can generate 3D animated
models of individuals by providing front and back photos. This approach facilitates
the easy and automated generation of customized game characters (Figure 1).

3.1 Generation of 3D character models

The process of generating 3D character models can be divided into three stages:
parallel PIFu modeling, HMR modeling, and refinement of PIFu results using HMR.
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Figure 1.
The overall architecture of the model used in this chapter.

3.1.1 Parallel PIFu model

To create 3D models while preserving the detailed information of the characters
in the images, a parallel PIFu model is used in this section. The architecture is based
on the single-view PIFu approach, which reconstructs 3D models from a single image.
However, using a single image alone cannot capture the complete model. Therefore,

a new approach called parallel single-view is proposed in this chapter. This method
combines the features of two 3D models generated from the front and back images of
a person, maintaining the details from both images and ensuring a complete represen-
tation of the body.

The RenderPeople dataset [17] is employed in this method, which provides 491
high-resolution clothed human body models. The training and testing sets consist
of 442 and 49 models, respectively. In terms of data processing, since the training
requires input images along with their corresponding 3D models, RenderPeople only
provides the models without corresponding images. To address this, the models are
placed at the center and rotated 360 degrees to render them into images. In other
words, a total of 442 x 360 = 159,120 images are generated as training data. However,
since the goal is to reconstruct real-world scene images, the rendered images need to
consider the effects of lighting. To simulate lighting accurately, a radiance transfer
technique (PRT) [18] is utilized to precompute the global illumination effects, result-
ing in rendered images that closely resemble real-world scenes.

After the initial training of the PIFu model is completed, the parallel PIFu model
training is conducted. The features from the front and back models are combined
after the PIFu output. Since the output format of this model is in OBJ format, there is
no existing method for feature combination. Therefore, a simple method is designed
in this section to handle feature combinations. First, both models are uniformly scaled
and aligned to the center. Then, the models are segmented into multiple parts, and the
features from the front and back are merged by finding corresponding points. This
approach enables the generation of a 3D model that includes features from both front
and back images.

3.1.2 HMR model

In this stage, the training data for the HMR model consists of 2D and 3D data. The
2D training data includes datasets such as LSP, LSP-extended [19], MPII [20], and MS
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COCO [21]. The purpose of using these datasets is to train the model to extract image
features and generate 3D models that can be projected onto 2D models to compensate
for the computational losses. The 3D training data includes Human3.6 M [22] and
MPI-INF-3DHP [23], which are used to train the discriminator to distinguish between
generated 3D models and real human models, and to generate corresponding 3D
models.

The HMR model architecture consists of three parts: encoder, 3D regression, and
discriminator. The encoder utilizes the ResNet-50 neural network architecture to
extract features from the input images. The 3D regression part is a fully connected
network that combines the image features and initial SMPL (Skinned Multi-Person
Linear) body parameters. It generates body parameters that match the pose of the
person in the image through iterative error feedback and calculates the loss by project-
ing the 3D joint nodes onto the image. The discriminator consists of shape discrimina-
tor and pose discriminator, which are used to determine whether the generated 3D
model is real or fake. Finally, the adversarial loss is used to refine the parameters of
the encoder.

3.1.3 Model refinement

Since the HMR model continuously refines the rotational deformation from the
average body model parameters of SMPL, the generated model from HMR not only
accurately represents the motion of the person in the image but also avoids the depth
prediction errors that cause hand distortion as observed in PIFu. Leveraging this
advantage, this method scales and aligns both models proportionally and fine-tunes
the HMR model based on the average position of the hands in PIFu. Finally, the
coordinate positions of the hand vertices in the HMR model are combined with the
features from the parallel PIFu model to perform feature merging. This approach cor-
rects the issue of hand distortion while preserving the original features of the vertices.

3.2 Skeleton generation

The 3D models generated in this chapter are all humanoid. Given the prior knowl-
edge that the skeleton prototype is humanoid, it is ideal to use skeleton embedding to
predict the skeleton positions. Therefore, this method employs the Pinocchio algo-
rithm to predict the positions of the human body skeleton and output the coordinates
of the joints and their corresponding relationships.

The Pinocchio algorithm can be divided into five main steps: (1) constructing
the geometric structure graph that fits the model, (2) simplifying the input skeleton
graph, (3) training the weights of different loss functions, (4) obtaining the optimal
skeleton embedding result, and (5) refining the optimal result.

First, to obtain the geometric structure graph of the 3D model, the model is scaled
to fit within a unit cube. Then, an octree structure is recursively applied to partition
the model’s surface until it can fully describe the geometry. With the surface informa-
tion, the medial surface is estimated by sampling points discretely, and then, the
interior space of the model is filled by maximizing spheres centered at the points on
the medial surface. Finally, one of the following conditions is used as a criterion: (1)
if two spheres intersect, an edge is constructed by connecting their centers, or (2)
if two spheres do not intersect but their centerline is located inside the model and
constitutes an important edge in the skeleton structure, the centers of the spheres are
connected to form the geometric structure graph of the model.
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The second step is to optimize the computation of the skeleton embedding. In this
step, the input skeleton is simplified by merging all the joints with a degree of 2. This
reduces the number of joints from the original 18 to 7. The simplified skeleton is then
embedded into the geometric structure graph. After the embedding is completed, the
shortest paths between the joints on the geometric structure graph are computed. The
simplified skeleton structure is then restored based on the original input skeleton’s
proportions using interpolation.

The third step aims to achieve better skeleton embedding results. To do this, an
appropriate loss function is defined for the skeleton embedding. Since a single loss
function is not sufficient to cover all the constraints of the skeleton, nine different
loss functions are defined [24]. These loss functions correspond to different con-
straints: (1) short bones: avoiding excessively short bones, (2) improper orientation
between joints: ensuring consistency in the orientation of the input skeleton and
the embedded skeleton, (3) length differences in bones marked symmetric: avoid-
ing inconsistent bone lengths in symmetric pairs, (4) bone chains sharing vertices:
avoiding bone chains that share vertices, (5) feet away from the bottom: ensuring
that the joint nodes representing the feet are located at the bottom of the model,

(6) zero-length bone chains: avoiding bone chains with zero length, (7) improper
orientation of bones: ensuring consistency in the orientation of the restored sim-
plified skeleton and the original skeleton, (8) degree-one joints not embedded at
extreme vertices: ensuring that degree-one nodes are sufficiently far from their
parent nodes, and (9) joints far along bone-chains but close in the graph: avoiding
nodes that are far along the path but close in physical distance. The weights of these
loss functions are trained using SVM, and the final loss function is obtained by
linear combination.

Although the loss functions are defined, optimizing the loss function directly
becomes challenging as the number of skeleton joints increases exponentially.
Therefore, the branch and bound algorithm is used to estimate a lower bound for the
skeleton embedding in advance, and then, the A-star algorithm is used to gradually
add the embedded skeleton joints. Finally, the optimal skeleton embedding result
with the minimal loss is obtained on the geometric structure graph.

After obtaining the optimal embedding result, the simplified skeleton with
seven joints needs to be restored to 18 joints. The shortest paths between the joints
in the geometric structure graph are found, and the restored skeleton is obtained
by interpolating based on the proportions of the original input skeleton. Degree-2
joints are added to restore the same structure as the original embedded skeleton.
Although the overall result is already good, there are still some local issues mainly due
to the smaller weights assigned to smaller skeletons during the optimization process.
Therefore, fine-tuning is required. A continuity optimization function is defined for
this purpose. To facilitate fine-tuning, a continuous optimization function is defined
as follows:

s

g(d--q.)= a8 (q0.)+ D8 (49,50 )

i=2

Where (ql A ) ),s =18 represents the embedded skeleton’s nodes, Ps(i) denotes
the parent node of the ith joint. The first term 4, g (q;»...,,q, ) represents the penalty
for asymmetry. The second term g, =4,¢,° +4,g," +4,2,° represents penalties for a
skeleton being far from the central surface, having bones that are too short, and
having a different direction from the original skeleton after embedding, respectively.

53



Computer Science for Game Development and Game Development for Computer Science

The final result of skeleton embedding is obtained by fine-tuning through the
optimization function described above.

3.3 Skeleton binding and output

The final step is to bind and output the 3D model with the skeleton. In this
method, Maya is used for skeleton binding and exporting in the FBX format. The
chosen method for skeleton binding is Geodesic Voxel Bind, which is widely used.
After binding the skeleton to the 3D model, the model can be animated according to
the user’s needs, based on a timeline sequence. The reason for using the FBX format
for output is that it is a common model format used in various 3D modeling software
and game engines available in the market.

4. Results
4.1 Results of the parallel PIFu model

In this stage, by incorporating feature fusion into the base PIFu model, we are able
to address the limitation of single-view PIFu models, which only capture features
from one side, as well as the model corruption issue that occurs in multi-view PIFu
models when the photos have different camera perspectives and target object dis-
tances. The following are the results of this stage (Figure 2).

4.2 Model refinement results

In this stage, the HMR (Human Mesh Recovery) model was employed to iteratively
refine the rotational deformation of the average human body model, resulting in a
reconstructed human body model that aligns with the body shape and movements
observed in the input photos. This refined model was used to correct the distorted
deformations in the hands observed in the parallel PIFu model. Additionally, a feature
fusion approach was applied to preserve the distinctive features of the hands. The
following are the results achieved in this stage (Figure 3).

4.3 Overall model results

In this stage, the final model generation was performed by integrating the parallel
PIFu model, the refined model, and the Pinocchio model into an automated genera-
tion framework. This framework enables users to easily create 3D characters for game
development. The following presents the final results obtained using our proposed
method (Figure 4).

4.4 Limitations

Although the method presented in this chapter is capable of generating 3D models
of characters, there are several limitations that need to be acknowledged.

1. Restrictions on capturing poses: During the photo capturing process, the pho-
tographed person needs to maintain a T-pose with hands not touching the body
and legs spread apart without merging. This is because the model interprets the
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Figure 2.
Results of the parallel PIFu model.

connected regions between hands and body as a single entity, resulting in the
generated character’ limbs sticking to the clothing without separate movements.

2.Limitations in capturing fine details: While the overall reconstruction is satisfac-
tory, limitations in hardware capabilities and limited training data prevent the

use of high-resolution photos. As a result, the prediction of fine details may not
be ideal.

3. Restrictions related to clothing: The corrective model used in the approach is
based on unclothed human body models. Therefore, it cannot accurately correct
the distorted parts of the hands of characters wearing long-sleeved clothing. This
means that the proposed model is only suitable for characters wearing short-
sleeved garments.

These limitations indicate areas for potential future improvements and research
focus, such as addressing pose restrictions, enhancing the prediction of fine details,
and extending the corrective model to handle different types of clothing.
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Before Fixing After Fixing

Figure 3.
Results of model refinement.

5. Conclusion

This chapter introduced a novel concept that combines the elements of auto-
matic generation and customization in games, along with an automated model
generation framework for customizing character appearances. With this frame-
work, players can simply capture front and back photos of the desired character,
and the system will automatically generate a character model that can be used in a
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Figure 4.
Result of this chapter.

wide range of 3D games on the market. Compared to existing appearance genera-
tion methods [25, 26], this chapter focused on generating full-body models rather
than just focusing on facial features. Additionally, the output format has been
improved to enhance the versatility of the player-generated custom models for
most games.

The model generation process in this chapter consists of three stages. The first
stage involves generating the 3D character model using the parallel PIFu model,
which captures front and back features, and then correcting the hand distortion
issues using the HMR model. The second stage focuses on generating the character
skeleton using the Pinocchio model, which conforms to the 3D model generated in
the first stage. The third stage involves skeleton binding and animation generation,
where the 3D model and its skeleton from the previous stages are bound and ani-
mated in the Maya environment. Finally, the model is outputted in the widely used
FBX format for most 3D games. Although additional processing may be required for
character animations, automatic generation is already possible for characters with
skeletons. In the future, with the integration of a wider range of diverse training
data, this method holds the potential to not only contribute to the advancement
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of the gaming industry but also facilitate progress and enhancement in the anima-
tion and film sectors, where extensive 3D modeling is a critical component. By
leveraging this approach, these industries can benefit from improved efficiency and
creative possibilities.
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Chapter 5

The Role of Game Engines in Game
Development and Teaching

Branislav Sobota and Emilia Pietrikova

Abstract

This chapter explores the essential role of game and graphics rendering engines
in creating computer games and their applications in education. Starting with a brief
discussion on the importance of visualization in game development, we analyze
popular game engines, including CryEngine, Irrlicht, Unreal Engine, Unity, and
Godot, and graphics rendering engines (cores), including OpenSceneGraph (OSG)
and Object-Oriented Graphics Rendering Engine (OGRE). Each engine’s unique
features and pedagogical potentials are discussed, with emphasis on Unity, Godot,
and Unreal Engine’s interactive and step-by-step tutorials. This analysis reflects the
adaptability of game engines to different teaching styles and provides insights into
their effectiveness as tools for teaching game development and computer science.
The chapter aims to highlight game engines’ role in game creation and education by
exploring these topics.

Keywords: game engines, teaching game development, computer science learning,
visualization, game engines tutorial

1. Introduction

Computer games and, of course, especially their development, are a significant
part of computer science. Modification or change of some procedures in game
development is necessary due to modern technologies. In this sense, the development
of technical means, especially graphics adapters, is advancing, for example, the pos-
sibilities of computer graphics as an essential component of computer games. On the
other hand, the opportunities and problems of graphics libraries and engines define
the need and maximization of graphics adapters’ use. This aspect explains a signifi-
cant synergistic connection between computer science and computer games. This
connection is also reflected in the basic architecture of the currently standard gaming
computer system (Figure1).

As a person perceives up to 80% of information by sight, it is understandable that
the visualization subsystem is dominant in this case. And the central phenomenon
of the visualization subsystem is the use of computer graphics. Its usage can be seen
at distinct levels of the hierarchy (Figure 2): starting with graphics software at the
machine code level and ending with complex graphics engines. To this, it is neces-
sary to add the graphic options of higher programming languages/browsers use,
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The levels of computer graphics usage hierarchy.

graphic libraries (e.g., OpenGL1 (Vulcan?), (webGL?), graphic frames (e.g., Three]S*,
BabylonJS’), or medium-level graphic cores (e.g., OpenScenegraph®, A-frame’).

It is crucial to present this relationship in this way, also when teaching IT
(Information Technologies) students. Including all the mentioned levels in the teach-
ing introduces individual levels to students and shows the increase in the possibility
of using computing technology in this area. In addition, increasingly higher levels of
hierarchy expand the circle of users, especially game developers, beyond the exact
group of IT specialists. In this context, virtual reality (VR) and its advanced technolo-
gies also play an essential role.

1 OpenGL, home page: [cit. 2023-03], URL: http://www.opengl.org/

Vulkan, home page: [cit. 2023-03], URL: https://wwwxvulkan.org/

3 webGL, home page: [cit. 2023-03], URL: https://get-webgl.org/

4 ThreeJS, home page: [cit. 2023-04], URL: https://threejs.org/

3 Babylon]S, home page: [cit. 2023-04], URL: https://www.babylonjs.com/
OpenSceneGraph, home page: [cit. 2023-03], URL: http://www.openscenegraph.org/
7 A-Frame, home page: [cit. 2023-04] URL: https://aframe.io/
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When teaching game design and development, introducing game theory can
enhance students’ understanding of game mechanics, dynamics, esthetics, bal-
ance, etc. Utilizing game engines in the classroom provides an excellent platform
for practically applying game theory concepts. For instance, students can use game
engines for prototyping and testing different game mechanics while observing
the result of various strategies and interactions and effectively experiencing game
theory in action. While this chapter focuses on the role of game engines in teaching
game design and development, the interplay between these engines and game theory
underpins the educational potential of these tools. As students learn to use game
engines, they inherently deal with game theory concepts, bringing abstract math-
ematical models to life.

That is why the Department of Computer and Informatics of the Faculty of
Electrical Engineering and Informatics (FEEI) at the Technical University of Kosice
has been running the Design and Development of Computer Games course and
related subjects (e.g., Computer Graphics or Virtual Reality Systems) for several
years. As we assume that IT (Information Technologies) students are potentially
future creators/programmers of computer games, they must have at least a basic
understanding of game theory to be successful in the implementation. Therefore, asa
part of the educational process, students become familiar with various methodologies
and technologies related to the design and development of computer games, such as
high concept, market research, storytelling, prototyping, balancing rules, Mechanics-
Dynamics-Esthetics (MDA), or iterative game development.

Game engines are integral to various domains, including game development, VR,
and computer science. The creation of computer games is a sophisticated process that
requires artistic vision and robust technology to bring that vision to life. The essential
tools used in this process are game engines, handling many necessary elements, such
as rendering graphics, processing physics, and managing inputs. In this chapter, we
explore the crucial role of game engines in developing computer games and learning.

Following this, we analyze several popular visualization cores and game engines,
presenting their unique features, strengths, and weaknesses. In the latter part of the
chapter, we shift our focus to the educational implications. We illustrate how different
approaches can influence learners through practical tutorials in Unity”, Godot™, and
Unreal Engine®. Our exploration underscores the value of practical, applied learning
in equipping students with industry-relevant skills. We aim to highlight the role of
game engines in game creation and education.

We will also present the outputs of some activities recorded during the educational
process with students in the third year of the Informatics bachelor’s degree in a full-time
study form. We attach significant importance to the fact that these are real procedures
and activities processed over several years and can thus provide a basis for further
studies. Therefore, we believe the experiences presented in this chapter will find their
readers.

2. Visualization subsystems in games

In general, the purpose of the game’s graphics or visualization subsystem, in
particular, is to support the loading and rendering of the scene for visualization. It
defines the data format for the scene and handles user input. There are additional
features in systems such as special effects and physics support, and many computer
features include an integrated environment for scene development and scripting.
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The systems with extended functionality are also called 3D (three-dimensional) game
engines if their primary purpose is to support game development.

Among the functions that can be associated with the visualization subsystem of
the game concerning its implementation are:

* License. The license must allow the software to be used for commercial purposes.

* Software extensibility and source code availability. There should be an option
to modify the selected candidate using its application programming inter-
face (API), but the best option would be to have its source code available for
customization.

* Quality of documentation. Documentation should be complete, understandable,
and up-to-date.

* Support for standard 3D modeling formats. They determine the possibilities of
importing 3D models created using other software or scanned using 3D scanners.

* Support for the latest 3D graphics features. It is vital for creating the most realistic
video output possible.

* Programming languages available for scripting. Scripting, or so-called soft coding,
is a way to program visualization controls without compiling. In the case of com-
mercial products, this is often the only way to communicate with the core at the
programmatic level.

* Support for advanced virtual reality hardware solutions. In this sense, focusing
more on supporting stereoscopic video output and sensing user movements is
necessary.

o Availability of development tools for scene creation and scripting. The availability
of such a development tool (editor or integrated development environment
(IDE)) can significantly reduce the time required to prepare a visualization
scene.

* Parallelization options. Rendering high-quality video output requires a powerful
computer system. Within game systems, we often need to display more than one
output; for example, two images are necessary for stereoscopic display. In addi-
tion, immersive solutions often contain multiple displays (for example, front,
back, left, right, top, and bottom in the case of a virtual cave). To maintain high
quality, the images must be rendered in parallel.

In addition to these parameters, prototyping and game testing are also important.
If we talk about prototyping, we recognize three types of game prototypes [1]:

* Software. Prepared in a game engine like Unity.
* Physical. Physical interaction and activity with the playtester.

* Paper. Board game, the most common type.
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In the case of testing, the literature states that four types of testing are crucial
to the design and development of computer games [2, 3]: Focus Groups, Quality
Assurance (QA) Testing, Usability Testing, and Playtesting.

Next, we will provide an overview of some available visualization cores or com-
plex game engines, both free solutions and commercial ones.

2.1 Visualizing and manipulating the game world

Something has already been hinted at visualization earlier, and of course, much
more will be written about it, as it is currently a key part of a computer game.
Therefore, let us mention here that, from a technical point of view, visualization is
possible using various technologies. Manipulation of objects is also possible here.

For interactive manipulation of objects in the game, it is possible to use classic input
devices like a keyboard and mouse or various position sensors. The overall flow of
data between individual structural elements from the point of view of working with
the game world is depicted in Figure 3.

The visualization subsystem of the game provides the central part of the informa-
tion for the player in the game environment. This subsystem calculates the image
for the player in the game world. For visualization, the visualization core mentioned
above is often used in games. The visualization core is usually based on the serial use of
information, and currently, the graphics processing unit (GPU) (graphics processor at
the hardware level) services are used. On the input side, there is a model of the game
world, and on the output side, there are correctly colored pixels on the display. Between
these two stages, other stages partially change the input information. The main idea for
implementing the game visualization subsystem is to minimize the time used in each
stage for the real-time system, which is hugely often needed in games. In multiproces-
sor systems, including General-Purpose Graphics Processing Unit (GPGPU) technol-
ogy, it is possible to apply some parallel stages, representing a significant speedup.
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Basic data flow in a computer game.
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Complex game engines, at the highest level of the hierarchy (Figure 2), often sup-
port visual programming in the form of WYSIWYG (What you see is what you get)
technologies (e.g., Blueprints for Unreal Engine). WYSIWYG (What you see is what
you get) and other interactive tools thus simplify the entire development of the game
and, in principle, bring this process closer even to people without an exact IT educa-
tion. For example, the following features are available:

* Integrated graphic editors of the scene and dynamics.
* Integration of programming and scripting languages.
* Integration of support for different platforms and operating systems.

* Integration of support for various technical means, including network communi-
cation or parallelization of calculation.

3. Visualization cores and game engines

In this section, we will provide an overview of some available visualization cores
and complex game engines, both free solutions and commercial ones, which are used
or have been used as part of the courses at the authors’ affiliation.

Of the freely available solutions, OpenSceneGraph® is interesting, which is not the
easiest to understand and integrate but supports parallel calculations and modern VR
technologies. Many implementations in the world form an excellent knowledge base.
These factors currently make it the favorite in this category for the need to integrate
graphics systems into game solutions unrestrictedly.

The commercial solutions mentioned next support the most modern imaging
techniques and provide limited options for integrating modern input 3D interfaces
(for example, based on virtual reality). However, compared to freely available solu-
tions, they enable the quick creation of scenes thanks to integrated editors, which are
very well documented. On the other hand, the limited possibility of modifications,
only sometimes available source code (or at least not at an affordable price), and no
or limited support for parallel computing, could be a limitation in distributed gaming
environments.

3.1 OpenSceneGraph (VulkanSceneGraph project)

OpenSceneGraph® (OSG, Figure 4) is a freely available high-performance 3D
visualization core written in the C++ programming language (not to be confused
with OpenSG®, which is no longer in development and represents an entirely differ-
ent scene graph API, somewhat similar to OpenGL Performer). It uses the OpenGL'
library (the VulkanSceneGraph Project’ is available for the Vulcan library?). It is
multiplatform and can be used on MS Windows, OS X, and GNU/Linux platforms.
Since version 3.0.0 (3.6.5 currently), it is available also for mobile platforms, Android
and iPhone Operating System (iOS). It is also used as the basis for several virtual
reality solutions, including JuggLua VR, CalVR, and Vrecko.

¥ OpenSG, home page: [cit. 2022-06], URL: https://sourceforge.net/projects/opensg/
9 VulcanSceneGraph, home page: [cit. 2023-03], URL: https://vsg-dev.github.io/vsg-dev.io/
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Figure 4.
Visualization samples based on OpenSceneGraph.

Figures.
Visualization samples based on object-oriented graphics rendering engine (OGRE).

Scenes are represented by a data structure called a scene graph, which organizes
alogical and often spatial representation of the scene. The documentation is not
OSG’s strong point. It contains several user and programmer guides. Most used 3D
formats are supported through plug-ins that are part of the OSG core distribution.
OSG effectively implements the best graphic techniques, such as early elimination of
the primitives based on overlap and visibility, progressive simplification of geometric
detail of models, sorting of display states, and so-called particle systems. Support
for graphics chain programming (shader) is implemented based on OpenGL. Of
the analyzed solutions, OSG has the longest history of use in games or visualization
systems. Support for stereoscopic visualizations and peripheral input devices has
been implemented. There are several extensions, for example, osgTerrain (terrain
rendering), osgAnimation (character and rigid body animation), osgManipulator
(3D interactive controls), osgShadow (shadow framework), osgParticle (for particle
systems), osgF’X (special effects framework), or osgVolume (high-quality volume ren-
dering (with Dicom plug-in for support of medical datasets)). OSG directly supports
parallel computing because the scene graph supports multiple graphics contexts and
stores graph states in fast local memory. Another option for parallelization is using the
program Equalizer tool'.

3.2 Ogre

OGRE! (Figure 5) is a scene-oriented 3D core. It is created in C++ object
programming, and the abbreviation is made from the Object-Oriented Graphics

19 Equalizer, home page: [cit. 2023-01], URL: http://www.equalizergraphics.com/
n Ogre3D, home page: [cit. 2023-01], URL: http://www.ogre3d.org/
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Rendering Engine. It is a pure displaying core, so support for playing sounds, physics,
and other features is at the plug-in level. Its expandability is guaranteed by a highly
modular architecture based on plug-in modules. It supports Direct X'2, OpenGL',
and Vulcan?, and it is distributable not only to MS Windows, Mac OS X, and Linux
but also to Android and iOS platforms. Its highly rated feature is excellent support for
animations based on skeleton models.

Object-Oriented Graphics Rendering Engine (OGRE) is freely redistributable with
open-source code, so price and licensing are no issues. It is very well documented,
and in addition to a rich set of freely available sources, there are two books [4, 5].
OGRE directly supports only its model format, but fortunately, there are export
libraries in plug-in models to several 3D editors. The support of advanced graphic
standards is at a reasonable level. The high-level shader language (HLSL) supports
graphics string programming. The scripting is not directly available; however, some
extensions add this capability. The support for stereoscopy is again provided by a
unique project called Stereo Vision Manager. The VRPN® (Virtual Reality Peripheral
Network) library can support advanced 3D interfaces. Furthermore, some extensions
make it easier to integrate this solution. OGRE does not include direct support for
parallelization, but there are several attempts for this extension, again as in the case of
OpenSceneGraph® using the Equalizer tool™.

3.3 CryEngine

CryENGINE" (Figure 6) is a professional 3D game engine. It has been used in
the creation of several highly rated game titles. In addition to the game world, virtual
training for American army soldiers is also based on it. It is available for MS Windows
and Xbox, Playstation, and Wii game platforms. It also has direct support for playing
sound effects and physics.

The users can use this 3D engine within the academic sector without fees. For
commercial use, it is necessary to pay a fee, which depends on the purpose of the
developed title, and it is determined based on communication with the manufacturer.
The core is written in C++ and can be extended via API or scripting. The documenta-
tion is of a high standard, as is customary with commercial products. It supports only

Figure 6.
Visualization samples based on CryENGINE.

2 DirectX, home download page: [cit. 2023-02], URL: https://www.microsoft.com/en-us/download/
details.aspx?id=35

13 VRPN, home page: [cit. 2023-03], URL: http://www.cs.unc.edu/Research/vrpn/

* CryENGINE, home page: [cit. 2023-02]. URL http://mycryengine.com/
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the internal format of 3D models but for the most used 3D editors, such as 3D Studio
Max or Blender, official exporters, in the form of plug-ins and extensions. This core,
built on DirectX' in all its versions, has always supported the current state-of-the-art
display techniques. There are two scripting methods: either using the LUA™ language
or a visual scripting editor called FlowGraph. The stereoscopic display is directly
supported. There must be a known implementation of support for modern 3D
interfaces yet. A sophisticated editor called Sandbox is used to create the scenes. The
parallelization is not directly supported, but the synchronization of multiple comput-
ers running this core can, in principle, be implemented (this was done in the project
mentioned in [6]).

3.4 Irrlicht

Irrlicht’ (Figure 7) is freely distributable with open-source C++ code. It runs on
multiple platforms. These are primarily MS Windows, Mac OS X, and Linux, but
other distributions exist. It has been a stable engine in the works for 20 years. The
engine was created in 2003 by a single developer, Nikolaus Gebhardt. Currently,
the development team consists of approximately 10 members. Both DirectX'* and
OpenGL' can be used for display, as well as internally developed software rendering.
One of the main advantages of this engine is no requirement for the installation of
additional third-party libraries, making it quite easy to install and run.

Since Irrlicht is freely distributable and can be used commercially, the source
files may be modified, extended, and redistributed without a charge. It is well docu-
mented, including a description of the programming API, and it includes tutorials
with examples for straightforward and advanced use cases. Two books also deal with
its description and examples [7, 8]. Irrlicht has the broadest support for input 3D
formats compared to other solutions. Importing outputs from the editors, such as 3D
Studio Max, Maya, and even forms of different 3D engines, e.g., OGRE, is possible.
The scripting has yet to be officially supported, but again there are solutions created
by the community that add this functionality for languages such as Ruby", Python'®,
Lua®, or Perl”. However, some of them are problematic, and support for their

Figure 7.
Visualization samples based on IrrLicht.

15 LUA, the programming language, home page: [cit. 2023-01]. URL: http://www.lua.org/

Irrlicht, home page: [cit. 2022-09], URL: https://irrlicht.sourceforge.io/
Ruby, home page: [cit. 2023-01], URL: http://www.ruby-lang.org/en/

16
17
18 Python programming Language, home page: [cit. 2023-01], URL: http://www.python.org/

1 Perl, programming language, home page: [cit. 2023-01], URL: http://www.perl.org/
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development has already ended. Irrlicht includes a free, extensible 3D editor called
irvEdit. The parallelization is not directly supported but can be implemented in
principle as the source files are available.

3.5 Unreal Engine

Unreal Engine20 (UE, now UES5 (Figure 8)) was developed by Epic Games more
than 24 years ago as a first-person shooter (FPS) system. Unreal Engine has evolved
to support many other genres, including diverse types of games and even linear video
production, such as animated stories and 3D VR walkthroughs. It should come as no
surprise that, for example, instructional designers are using it to create enterprise
virtual reality applications. UE is a commercial solution, the use of which is the same
as that of Unity. Unreal Engine supports the deployment of projects on multiple
platforms, including MS Windows PC, Mac OS X, i0S, Android, AR, VR, Linux, and
HTMLS, as well as on head-mounted displays (HMDs) and game consoles. The Unreal
Engine editor runs on MS Windows, OS X, and Linux. Due to its more intensive use,
we will describe it in more detail.

When programming in UES5, there are two main ways to implement logic into
games/experiences: the Blueprints visual scripting language and the more traditional
C++ programming language. Unlike Blueprints, C++ can be a bit obscure as it can take
some time to learn the required syntax, but C++ provides better access to some of the
engine’s hidden features. Blueprints also offer an easier way to migrate work from one
project to another. Within UES, several additional tools and toolkits are available for
the tasks such as animation, creating and modifying game environments, and mul-
tiuser (collaborative) editing.

Figure 8.
Material creation in the Unreal Engine.

% Unreal Engine, home page: [cit. 2023-03], URL: https://www.unrealengine.com/
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A UASSET file is an asset file used by the Unreal Editor, a game-level editor, part of
the Unreal Engine. It contains assets such as Game Levels, Particle Systems, Blueprint
Scripts, Materials, Movie Sequences, Textures, Static Meshes, Skeleton Meshes, Light
Profiles, or soundtracks used in the game. All objects/models from the Unreal Engine
environment are available as a UASSET file.

Users can create objects/models outside the Unreal editor using tools such as Maya,
3D Studio Max, or Photoshop. They then import these assets into Unreal Editor,
which converts the objects/models into UASSET files.

In addition to excellent visualization capabilities, Unreal Engine 5 provides func-
tions to support multiple players/users (client-server model), especially in multiplayer
games. Overall, Unreal Engine includes a robust networking framework that is also
used by some of the most popular online games in the world to help streamline the pro-
cess. In multiplayer/user mode, Unreal Engine uses the already-mentioned client-server
model. One device on the network acts as a server and hosts a multiplayer game session,
while all other players’ devices connect to the server as clients. The server shares game
state information with each connected client and provides a means for them to commu-
nicate. The server, as the host of the game, has only the actual and authoritative state. In
other words, multiplayer games take place on the server. Each client remotely controls
their game instance to the server (Pawn) and sends procedure calls to perform game
actions on the client. However, the server does not transmit visual information directly
to client monitors. Instead, the server replicates game state information to each client,
telling it what actors exist, how those actors should behave, and what values various
varijables should have. Each client then uses this information for the visualization itself.

Unreal Engine is currently free to download and use. One must pay after the game
or app is released. The fee is from the profit after earning the first $3000 per product
per quarter. It is also possible to download the complete UE source code and modify
it according to the needs of the project being created. As mentioned earlier, users can
write new classes and parts of the user interface in C++. UE Blueprints are usable for
scripting game logic using nodes.

As part of solving various projects at the authors’ home department, UE was used, for
example, to create a virtual-reality therapeutic system for paretic patients [9] (Figure 9).

3.6 Godot engine

The Godot engine™ (Figure 10) is an open-source project under the MIT license,
making it available for free download, use for personal and commercial purposes,
modification, repair, or extension of its source code. This is also one of the reasons
why this engine is a viable choice for students and beginners.

The Godot engine is cross-platform, allowing the game’s creation for Windows,
Linux, MacOS, mobile phones, web browsers, and consoles, although the support
here is weaker. Both 32- and 64-bit versions of Windows and Linux or MacOS are
supported. Godot supports two-dimensional (2D) and 3D game development, but
it excels especially in 2D, as mentioned by Dealessandri’. A 3D game creation is
possible but more complicated.

Multiple programming languages are supported. First, the GDScript scripting
language is specially created for the engine’s needs. The syntax reminds us of Python;

! Godot Engine, home page: [cit. 2023-02], URL: https://godotengine.org/
* URL: https://www.gamesindustry.biz/articles/2020-04-14-what-is-the-best-game-engineis-godot-right-
for-you/ [cit. 2023-05].
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Figure 9.
Example of the Unreal Engine (UE) use within a Virtual Reality (VR) training system for paretic patients.

Figure 10.
Game samples based on the Godot engine.

however, it is closely adapted to the engine, increasing its optimization. Its main
advantage is the reduction of development complexity. In addition to GDScript,
Godot supports C#, C++, and VisualScript.

Its developers try to keep the core of its functionality small. The effort is to add
functionalities as plug-ins. One of the reasons is to have as minimal maintenance as
possible for code that constantly needs to be tested. Furthermore, it makes the compi-
lation of games faster. Thanks to its smaller and cleaner code, this makes contributing
to the engine project easier. And thus, the size of the binaries of the editor and the
exported projects is kept small.

The Garden Path® is an exciting game created in the Godot engine. It is a 2D top-
down adventure game. Another game is Resolutiion™. It is an esthetically pleasing 2D
top-down action adventure with a pixel art style. The Human Diaspora game® is an
excellent example of how 3D projects can be created in the engine. It is a 3D First-
Person Shooter (FPS), i.e., a shooter with a first-person view. The Dauphin game is
also enjoyable. It is a 2D Role-Playing Game (RPG), i.e., a game in which the player

3 URL: https://store.steampowered.com/app/1638500/ The_Garden_Path/ [cit. 2023-05].
* URL: https://store.steampowered.com/app/975150/Resolutiion/ [cit. 2023-05].
» URL: https://store.steampowered.com/app/1395420/Human_Diaspora/ [cit. 2023-05].
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stands in the role of the character he is playing and gradually builds him up and
increases his abilities.

One very high-quality and well-crafted instruction source is the GDQuest chan-
nel on YouTube. This channel also has a webpage offering paid courses in Godot. We
recommend [10] from the books.

3.7 Unity Engine

Unity® (Figure 11) is a complex game engine. It represents a commercial solution.
It is among the most popular game engines due to its ease of use and the wide range
of functionalities it offers. Unity is a cross-platform game engine developed by Unity
Technologies. As mentioned, it ranks among the most popular game engines, as it is
suitable for beginners and offers a wide range of tools for 2D and 3D projects. Among
these tools, we can include collision detection, 3D rendering, effects, physics simula-
tion, or a simple editor. The main advantages of Unity include a large community of
game developers, a lot of tutorials, and easy export of the game to multiple platforms.
Unity is especially popular with smaller and medium-sized projects, as it allows for
rapid prototyping and works on a system of adding components to game objects,
thanks to which it is possible to lay out and change the scene quickly. Supported
platforms include, for example, MS Windows, Mac OS, Linux, Xbox, Wii, and
Playstation, as well as Android and iOS mobile solutions. Depending on the target
platform, Unity supports both DirectX'? and OpenGL'.

Unity has a graphical environment adapted for easy game creation like other game
engines. It consists of the Editor (Figure 11 right), consisting of several windows and
panels, each with unique functionality. In the image below, we can see the default
layout of these windows. Basic windows include:

* Hierarchy—TIt serves to display all objects on the scene.
* Inspector—We can edit and add properties of the selected object.
* Game view and scene—It serves to simulate the game and edit the scene.

* Project—TIt contains all the necessary files that we use in the project.

Figure 11.
Example of the simple game in UNITY and visualization in the integrated Unity editor.

% Unity Game Engine, home page: [cit. 2023-03]. URL: https://unity.com/
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Essential elements of the engine include prefabs, colliders, physics, an audio
system, and animations. Prefabs are used as game objects with preset properties and
components, thanks to which we can use them in several scenes and easily duplicate
or instantiate them. Colliders are used to detect collisions between objects. Unity
also includes a physics engine that simulates gravity, acceleration, and other physical
phenomena. These tools make it easy for game developers to create prototypes and
focus on developing specific parts of the game.

From an educational perspective, several tutorials explain how to work with Unity.
Some points are directly taken from this engine’s developers or professionals who
create various video tutorials.

3.8 Teaching and learning with game engines

Game engines not only offer students different pathways for learning but also
provide educators with various teaching methods. Each game engine’s unique func-
tionality and design can support different teaching styles [11, 12].

CryEngine’s flowgraph system offers a graphical scripting interface, which could
support a visual or demonstrative teaching style. Educators can visually illustrate
game mechanics [13], providing an intuitive way for students to understand game
logic without the necessity of text-based coding. On the other hand, Irrlicht, as a
lightweight and easy-to-use graphics engine, could support a direct teaching style
where educators focus on teaching the underlying principles of 3D graphics without
the complexity or distraction of more extensive features [14]. Its simplicity could be
especially beneficial when teaching beginners or focusing on foundational concepts.

With its advanced features, Unreal Engine is well suited to a teaching style where
the educator imparts detailed knowledge on complex topics like advanced graphics,
physics simulation, or artificial intelligence (AI) programming. Its powerful visual
scripting system, Blueprint, also provides an avenue for teaching programming
concepts more visually and intuitively, supporting diverse learners [15]. For learners
aiming to grasp the technicalities of game physics and lighting, Unreal provides a
highly illustrative platform.

Godot’s unique scene system lends itself to a more systematic teaching approach.
Educators can build lessons around the node and scene structure, teaching
individual concepts and showing how they fit into a larger whole. This modular
approach could support a scaffolded teaching style, where each new concept
builds on the previous one [16]. The engine’s node and scene structure encourage
a modular approach to game design, which can facilitate a deep understanding of
object-oriented principles, design patterns, and aspects of game development like
the parallax effect.

Unity’s user-friendly interface and real-time feedback can support a more
facilitative teaching style, allowing educators to guide students through hands-on
experimentation. The immediacy of seeing the effects of code changes in the game
world provides tangible feedback that reinforces learning. Unity’s user-friendly
interface and robust community support make it accessible to beginners [17].
Unity’s strong community and extensive online resources also provide ample
material for independent study, supporting a flipped classroom approach where
students explore content outside of class and use classroom time for discussion and
application.

Game engines offer educators a range of possibilities to align with their preferred
teaching styles. Educators can create engaging, effective learning experiences that
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Engine Teaching Learning style Suitable for
approach
0SG Detailed, Analytical learners Advanced course, graphics programing
methodological
OGRE Problem-based Practical, hands-on Object-oriented programming (OOP)
learners teaching, intermediate to advanced courses
CryEngine Project-based Visual and kinesthetic Advanced courses, high-fidelity game
learners development
Irrlicht Direct Systematic learners Beginner to intermediate courses, low-poly
instruction game development
Unreal Engine Demonstrative, Visual and kinesthetic Intermediate to advanced courses, high-

project-based

learners

fidelity game development

Godot Step-by-step, Sequential learners Beginner to advanced courses, 2D and 3D
modular game development
Unity Interactive, Active, hands-on Beginner to advanced courses, rapid
exploratory learners prototyping, VR development
Table 1.

A comparison of teaching and learning approaches in game engines.

resonate with their students by choosing an engine that complements their approach.

Table 1 outlines each engine’s general teaching approaches and learning styles®.

Table 1 illustrates the diverse teaching opportunities presented by different game
engines, making them adaptable to various teaching styles and educational contexts.
In the following section, we will delve deeper into the educational application of
game engines. We will present different tutorials, each adopting various teaching
approaches using Unity, Godot, and Unreal Engine. These examples will demonstrate
how these engines can be tailored to facilitate different teaching styles, cater to varied
learner preferences, and ultimately foster effective learning experiences in game
design and development.

4. Educational experience with game engines

Our institution focuses on teaching game creation within one academic course and
partially in the next four courses. The lectures are devoted to the most critical aspects
related to the design and development of games. The laboratories focus on technology
and teamwork. As a part of these laboratories, we decided to show students work in
three popular engines: Unity, Unreal, and Godot, working with each differently.

For each tutorial, we dedicated two laboratories. During the first laboratory, we
introduced the game engine and started with the tutorial, helping students with
troubleshooting. This initial introduction was crucial in assisting students to navigate
the engine environment and understand the basics. During the second laboratory, we
let students work on the tutorials independently. Then, the students finished their
work at home.

7 Please note that this table serves as a guideline rather than a strict rule, as these engines’ versatility allows
various teaching methodologies to be employed based on the specific course objectives, student back-
grounds, and teacher preferences.
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4.1 Pedagogical value of game engines

Game engines transform the learning process into a more engaging and practical
experience by offering students a platform to visualize and interact with abstract con-
cepts. They provide a realistic context for students to grasp abstract concepts in game
development and computer science, e.g., mirroring class objects with game objects or
object manipulation through different components.

Game development calls for the application of problem-solving skills. Game
engines challenge students to design, implement, and troubleshoot, reinforcing their
theoretical knowledge with practical application. Game development offers students
exposure to various fields, e.g., computer graphics, physics simulations, artificial
intelligence, and more. In the case of Unreal Engine, students can experiment with Al
behavior, graphical effects, or physics-based gameplay.

Game engines hold immense potential as pedagogical game development and
computer science tools. As technology advances, they make learning an interac-
tive, engaging experience. Educators can equip students with versatile skills beyond
traditional computer science curricula.

4.2 Interactive tutorial in Unity Engine

For this tutorial®®, we decided to be inspired by the Unity Technologies company,
which in 2017 decided to include an interactive tutorial directly in their game engine.
The manual contained tasks in text form, updated after completion. It highlighted
specific windows in the editor for the user to focus on. Unfortunately, due to the
constant influx of new versions of Unity, this tutorial did not have time to adapt to the
current versions, so standard tutorials replaced it.

Our goal was to create a manual that would eliminate the shortcomings of already
existing manuals while preserving the parts that work. That is why we have set the
following goals:

* Guiding users along a specific path using the level system, thanks to which
we can refer to already-explained principles and thus avoid unnecessary
repetition.

* Eliminating the monotony of regular instructions by adding multiple forms of
explanation of functionalities in videos, text descriptions, and practical tasks.

* Enabling divect interaction with the environment by creating an integrated tuto-
rial directly into Unity and adding tasks to practice the explained parts of the
tutorial.

* Create a motivating, fun environment by adding various gamification elements,
such as avatars, collecting money, and unlocking levels.

o Explanation of the fundamental Unity functionalities by creating six levels focused
on the essential parts of the engine.

* Interactive tutorial in Unity [cit. 2023-06]. URL: https://kurzy.kpi.fei.tuke.sk/gamedev/en/book/unity.
html
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During the technical design of classes and components in Unity, we created the
tutorial’s basic structure as an easily scalable system of sections. Each section consists
of subsections or steps: text, test, or video. Text steps create descriptions in text form,
videos are linked to a video player, and tests are linked to scripts verifying student
knowledge. Navigating the sections works by switching steps using the forward and
backward buttons. The main manager is the manager who keeps the information
about the current section and step, which is displayed and is responsible for switching
steps.

The main idea of the tutorial was to create a comprehensive overview of Unity’s
basic functionalities, which will guide the user. Therefore, we designed six levels,
divided into smaller parts dealing with specific Unity areas. The levels follow each
other, while their last part follows the beginning of the next level. When creating the
content, we tried to devote enough time to the structure of the sections, especially
their alignment. It was necessary to find out which parts were related to each other to
avoid confusion when going through the instructions.

We designed the environment to provide seamless navigation on screens and be
user-friendly. The main screens include an introduction, the main menu, the shop,
and a screen with instructions—text descriptions, video, and tasks.

The central part of the menu comprises the levels, which, when clicked, starta
section with a given topic. They contain a button component that, when pressed,
activates the corresponding section of the tutorial, and loads the last screen of the
section. After going through the instructions, the locked next level will unlock, and
the level will be set as completed.

We also created a store as a gamification element of motivation and reward, as
users can unlock a new avatar for money earned by passing levels (Figure 12).

Steps are the smallest element in the tree of sections and thus are its leaves. There
are three types of steps:

o Text. It is the simplest type of step, as it contains only a text string in the given
step and a URL (uniform resource locator) link to the documentation. It is used
for introductory descriptions of functionalities.

* Video. A video clip representing a detailed guide to the given part, playable
within the tutorial.

o Test/assignment. It serves to verify students’ knowledge through a short exercise.
It contains a reference to the verification script, the text displayed at the begin-
ning of the test and in the help, and a link to the video clip played in the help. The
user must complete the task to get further in the tutorial.

The first part of the manual comprises texts introducing users to the specified
issue’s plot. The functionality is explained in more detail in the videos at each level.
At most levels, practical tasks also verify and practice knowledge from a specific unit.
The last level serves to review the acquired knowledge. Its content is a minigame
(Figure 13) that contains intentional errors. To complete the level, the user must find
and correct these errors, while the upper right corner of the screen shows how many
errors he has already fixed.

The length of the instructions is interesting. While some students spent 10 h with
it, others solved it in 1 h. Therefore, in the case of the Godot engine, we have followed
the classic instructions.
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Display screens in the manual.
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Figure 13.
The example of the minigame in the last level.

4.3 Step-by-step tutorial for Godot engine

In the next part, we will describe a detailed guide to familiarize students with
the basics of game development in the Godot engine. The goal was to provide a
guide detailed enough to easily guide students through the essential elements of
the game through practice. We wrote it so that it was obvious what was expected
from the students and that they needed a minimum of assistance from the teacher.
At the same time, we have included enough space for students’ creativity in the
instructions.

Students have mastered a playable simple 2D platform game by fully completing
the tutorial. They have a player with animations, a level composed of tiles, a back-
ground with a parallax effect, a functional collision system, an interactive object,
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amoving camera, or gravity. The instructions” are divided into the fundamental
part, where the students are fully guided, and the supplementary part, which
consists of additional tasks. The idea was to explain and let the students practically
try out all the basic functionalities of the Godot engine so that they could playfully
continue their own in the additional part. And if they start additional tasks, the
number of collected objects and the number of lives that can be lost or gained in
diverse ways are recorded in the user interface (UI), and there is also a way to win
the game (Figure 14).

Although the instructions are long, the students were fine with it. Compared to
Unity’s interactive tutorial, the solution time has stabilized at 3-4 h. That is why we
have returned to the standard tutorial®® for the Unreal engine.

4.4 Step-by-step tutorial for unreal engine

The difference between a step-by-step and an interactive tutorial is that the
individual steps are not described inside the engine environment but in a separate
tutorial. The difference between the step-by-step instructions for the Godot engine
and UE was that while with Godot, we got by with written instructions with a mini-
mum of figures, with Unreal, it was easier to use figures due to the structure of the
environment (Figure 15).

The effect was as expected; the students spent a similar amount of time, 3-4 h,
solving the tasks.

Task 6.10

Add a jump function (can look as follows):

func jump():
if Input.is_action_just_pressed("jump"):
motion.y = -JUMP_SPEED

This time you will miss the JUMP_SPEED constant, so add it and set some value to it. You can use
export again, but remember to follow all the necessary steps as we have shown you.

Don't forget to add the jump( ) function again to the _physics_process function so that we track
key presses every frame.

Comment: You can notice that this time we used the built-in
Input.is_action_just_pressed function, which reacts to a click only once, unlike the
previous one, where this function returned true the entire time the key was held.

Figure 14.
The task example in the Godot engine tutorial.

¥ Godot’s step-by-step tutorial: [cit. 2023-06]. URL: https://kurzy.kpi.fei.tuke.sk/gamedev/en/book/
godot.html

%% Unreal’s step-by-step tutorial: [cit. 2023-06]. URL: https://kurzy.kpi.fei.tuke.sk/gamedev/en/ book/
unreal. html
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Note: You can safely leave the trap rendered here if you want.

Task 9.3

Add the following functions to the BP trap.

Figure 15.
The task example (trap functionality) in the Unreal Engine (UE) tutorial.

4.5 Impact on learning outcomes

We have mentioned that game engines offer various features suitable for teach-
ing styles and learning preferences. Now, we will discuss how these differences
in features impact learning outcomes. The effects of these differences depend on
several factors, like individual learning styles, project nature, or instructional
design. For instance, game engines such as Unity, with their user-friendly interface
and intuitive design, may reduce cognitive load for beginners, enabling them to
grasp fundamental concepts more quickly. This reduced cognitive load can provide
an environment where learners can experiment freely and learn by doing, leading
to increased engagement and improved understanding of core game development
concepts.

On the other hand, more complex game engines, like Unreal Engine, offer
advanced functionalities that can provide opportunities for deep learning and
mastery for more advanced learners. The complexity of these engines could promote
a deeper understanding of the intricate mechanics of game development, enhancing
problem-solving and critical-thinking skills.

Table 2 showcases the impact of the three different tutorial approaches on various
learning outcomes, highlighting their unique strengths and features. For instance,
Unitys interactive tutorial stands out for its emphasis on interactive exercises and
gamification, while the step-by-step tutorials for Godot and Unreal Engine encourage
independent learning and reinforcement through repetition. Visual learning support
is a unique strength of the Unreal Engine.

5. Summary and annual game jam experience

Since games intersect many disciplines, including art, sound, storytelling, or
design, the game engines allow the introduction of these elements next to the more
technical aspects of computer science. The tutorial’s diversity demonstrates game
engines’ adaptability to different learning styles and underscores their value as practi-
cal teaching tools. Moreover, Unity and Unreal engines are known for their compre-
hensive VR support, offering various built-in features.
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Learning outcomes Interactive Step-by-step Step-by-step tutorial
tutorial in Unity tutorial for Godot for Unreal Engine
Engine understanding X X X
Active learning X
Self-paced learning X X X
Problem-solving skills X X X
Feedback and reflection X X X
Interactive exercises X
Motivation through gamification X
Reinforcement through repetition
Independent learning
Visual learning support X
Table 2.

Tutorials’ impact on learning outcomes.

A highlight of our exploration is the hands-on approach to learning, represented
by interactive and step-by-step tutorials in game engines. Each tutorial approach
offers unique insights. The Unity tutorial adopted an interactive learning approach,
reinforcing theoretical concepts with practical application and fostering a dynamic
understanding of game development in Unity. Such a tutorial suits learners who
prefer active learning and are comfortable with some degree of self-direction. Given
its interactive nature, the time spent on tasks can vary among students, ranging from
1 to 10 h. This variability reflects the tutorial’s exploratory nature and the learners’
potential struggles within the engine environment.

On the other hand, the Godot tutorial, a step-by-step guide, allowed readers to
build their understanding progressively, each step building upon the last to cre-
ate a complete picture of game development in Godot. Such a tutorial is ideal for a
beginner or those who prefer a structured approach to learning. With clear instruc-
tions, students spend a stable amount of time on tasks, approx. 3-4 h. This stability
indicates the straightforward, well-defined nature of the tutorial and students’ habit
of working with structured documentation. In our case, structured materials are a
natural part of institutional courses.

Compared with the Godot tutorial, the Unreal Engine tutorial focused on a
step-by-step process combined with visual aids. However, instead of programming
the scripts, we used blueprints. Such figure-based learning benefits visual learners,
enabling a clear understanding of complex processes involved in game development
using the engine. Like the Godot tutorial, the time commitment for tasks is stable,
with students spending approx. 3-4 h. The consistency in time spent suggests that
learners can expect a steady pace of progress.

From 2018 to 2020, our curriculum focused more broadly on game design and
programming technologies. However, reflecting increased student interest and the
industry’s evolving needs, we began integrating specific game engines into our cur-
riculum in 2021, as shown in Table 3. By 2023, we had successfully incorporated the
Unity, Godot, and Unreal Engine into our syllabus.

Table 4 shows our students’ changes in technology preferences during our annual
game jam events, alongside participation numbers. Unity was the dominant choice
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Year Unity Godot Unreal Engine

2018-2020 — — —

2021

X
2022 X X —
2023 X

Table 3.
An overview of engine coverage over the period.

Year Participants Teams Unity (%) Godot (%) Unreal Engine (%) Others (%)

2018 76 19 11 0 0 89

2019 69 18 40 0 0 60

2020 68 17 88 0 0 12

2021 65 17 82 18 0 0

2022 72 18 39 61 0 0

2023 168 42 34 42 10 14
Table 4.

An overview of technology preferences and game jam participation over the period.

Engine None (%) Low (%) Moderate (%) High (%) Very high (%)
Unity Before 73 1 6 4 6

After 0 15 54 25 6
Godot Before 100 0 0 0 0

After 1 21 53 22 3
Unreal Before 86 8 6 0 0
Engine After 1 3 44 20 3

Table 5.

Overview of skills according to students’ questionnaire.

in 2020, but with the introduction of Godot into our curriculum in 2021, we saw a
shift in preference. By 2023*', we saw a more balanced distribution among the three
engines, demonstrating that our students acquired diverse skills. Of note, the total
number of participants and teams substantially increased in 2023, highlighting the
growing interest in our game design and development courses.

As Table 5 illustrates, incorporating game engines into our curriculum has marked
improvements in our students’ experience with the engines. Based on a questionnaire,
most students reported having no or low skill levels at the beginning of the semes-
ter. However, by the end of the semester, a significant shift toward moderate and
high skill levels is observable. The data suggest our curriculum’s focus on hands-on

31 Games of 2023’ Game Jam: [cit. 2023-06]. URL: https://itch.io/jam/game-jam-kosice-2023
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learning with various game engines equips our students with applicable skills in game
development, preparing them for diverse opportunities in the industry.

These results indicate the effectiveness of different game engines in teaching
game development, each offering unique strengths to meet diverse learner needs and
project requirements.

6. Conclusion

In this chapter, we have explored the role of game engines in game develop-
ment and learning. Through numerous examples, we have illustrated how these
engines employ their powerful capabilities to craft immersive digital experiences.
Importantly, we have highlighted how game engines can extend beyond creation into
education as practical game design tools.

In our department, we focus on education in software engineering. So, in the
design and development of games, the implementation side, including the design
process (in this sense, also the use of game engines), is vital to us. We are looking for
ways and activities to teach students to transfer formalisms and critical aspects of
Game Theory into Computer science practice. It is not only a transfer into source code
but also a design or feedback.

The choice of an appropriate game engine significantly impacts a game’s perfor-
mance, capabilities, and overall development process. When considering the educational
impact, tutorials in these engines give students a practical understanding of game
design and development, equipping them with skills highly demanded in the industry.
Our insights from exploring interactive and step-by-step tutorials in Unity, Godot, and
Unreal Engine further emphasized this point. The variability in the time spent on tasks
across these tutorials reflected their adaptability to different learning styles.

As demonstrated in our curriculum evolution and students’ improved experience
in game engine technologies, our teaching approach empowers students with the
critical skills needed. Furthermore, it fosters a dynamic learning environment full
of motivation and creativity. As we adapt to technological advances and align with
industry trends, we envision a responsive, anticipative, and nurturing future of game
design education.

Moreover, our annual game jam event revealed these engines’ real-world relevance
and application in a learning context. The engine preferences of our students under-
scored the need for a diverse toolkit in game development education. Integrating
game engines into the curriculum can provide more engaging and immersive learning
experiences, revolutionizing the way we teach game design and computer science.

Understanding and exploring game engines is crucial for anyone interested in game
development. It offers a blend of creativity and technical skills, fostering a comprehen-
sive approach to learning. We anticipate further research and exploration in this exciting
field, keeping up with the continuous evolution of game development technologies.
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Chapter 6

Elementals, A Chemistry Inclusive
Serious Game

Paula Escudeiro and Mdrcia Campos Gouveia

Abstract

Promoting equity and social and educational inclusion of disabled people is a
priority of European Education. Disabled students often feel challenged to com-
municate or access information. However, with the emergence of new technologies,
disabled students are offered more chances to have the same learning opportunities
as others. Our current work contributes to the field of Educational Serious Game.
Elementals, a chemistry-inclusive serious game, aims to assist all students in the
learning process. It was designed to be inclusive for players with visual, hearing,
and mobility impairments. Its purpose is to help students with chemistry and to be
a complementary solution to common learning methods to enhance education. In
our chapter, we will provide information about this developed game that educates,
informs, entertains, and motivates chemistry students in their learning experience
through a card game in which they learn the Table of Periodic Elements and use them
to form molecules.

Keywords: educational serious games, inclusion, accessibility, chemistry, gamification

1. Introduction

Nowadays, education continues to be a challenge for deaf students, as they try to
advance in their academic activities and future professional careers [1]. Back in 1965,
the learning process for individuals with disabilities was challenging. However, the
learning process for deaf individuals remains inherently demanding, mainly due to
communication problems, emphasizing the critical need for new approaches that can
help overcome barriers to teaching and learning [2]. The aim of new approaches is
not only to enhance the classroom experience for these students but also to facilitate
their ongoing educational journey in self-learning environments. In this context, the
development of inclusive and educational tools is of utmost importance.

One such tool is “Elementals,” an innovative serious game that has been developed
to address the numerous challenges faced by deaf students and promote their inclu-
sion in educational settings. Recognizing the difficulties encountered by students in
learning chemistry, Elementals offers a complementary solution to traditional teach-
ing methods, mitigating the reluctance often associated with the intensive reading of
textbooks. By employing engaging gameplay elements and a collectible card system,
Elementals actively educates and informs students, fostering a deep understanding of
such complex subject matter, through entertainment.
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Besides being an educational tool that helps students to learn the Table of Periodic
Elements, the game also serves as a catalyst for raising awareness about the learning
challenges experienced by students with disabilities [1]. With an inclusive design
approach, the game addresses the needs of individuals with color blindness, mobility
impairments, and hearing impairments, ensuring accessibility for all students. This is
made possible through the implementation of technologies such as augmented reality
and georeferencing [3]. Georeferencing, as highlighted in Hackeloeer’s publication
from 2014, enables precise association of geographic coordinates with spatial data.

By leveraging georeferencing techniques, the game seamlessly integrates virtual
elements into real-world environments, creating an immersive and inclusive gaming
experience.

By addressing the challenges specific to chemistry education, the game opens
doors to enhanced educational experiences and fosters equal opportunities for all
students. Through ongoing research and innovation, the researchers are committed
to empowering students with diverse abilities and paving the way for a more inclusive
education system [1].

Following this line of thought, the chapter is organized into different sections and
subsections. Firstly, the researchers will provide a summarized background/frame-
work of their work, followed by a methodology section, where the concept and objec-
tives of this work are outlined. In addition to these, the chapter also includes a Game
Development section that focuses on the detailed process of developing Elementals.
The researchers discuss the various stages of game development, including design,
programming, and implementation, highlighting the key features and mechanics
incorporated into the game to ensure its effectiveness as an educational tool.

Finally, the researchers included a Game Evaluation and Quality Scenario Control.
In this section, the researchers delve into the evaluation and quality control aspects
of the game. They discuss the evaluation methodology employed to assess the
effectiveness and impact of the game. The researchers explain the use of the Quality
Evaluation Framework (QEF) as a tool to measure the educational value, accessibil-
ity, and inclusivity of the game. The section presents the findings of the evaluation
process, including feedback from users and the overall performance of the game in
meeting its intended objectives.

By including these sections, the chapter provides a comprehensive overview of the
framework of the game development, the game development process itself, and the
evaluation and quality control measures undertaken to ensure the effectiveness and
inclusivity of Elementals.

2. Framework: the use of serious games in education

Access to equal opportunities and social inclusion for disabled individuals is a
major concern in modern society and a key issue within European education. In
response to this, significant efforts are being made to enhance education through
the implementation of educational and social inclusion initiatives. The concept of
inclusion, in this context, aims on ensuring that all students, regardless of their
abilities, can actively participate and thrive in mainstream educational settings.
Achieving this goal requires comprehensive changes in pedagogies within the educa-
tion system [4].

Addressing these challenges requires the incorporation of new technologies
to drive positive transformations in educational settings. These technologies can
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introduce valuable opportunities for social inclusion, as part of a holistic approach. It
becomes crucial not only to improve the education system and the overall educational
settings but also to promote the utilization of new technologies to assist students in
their studies and self-learning environments.

In this regard, the development of Educational Serious Games has emerged as a
highly promising and innovative approach to enhancing education and inclusion.
These serious games are specifically designed with the primary goal of education in
mind, setting them apart from conventional entertainment-focused games. They
are carefully crafted to serve an educational purpose, aiming to develop knowledge,
skills, or specific learning outcomes. Throughout the last two decades, there has
been a significant emphasis on developing educational games that not only serve the
primary purpose of enhancing knowledge but also aim to be engaging and entertain-
ing. These games have been designed with the intention of captivating players and
fostering motivation, thereby promoting active participation [5-7].

An essential aspect of serious games is their ability to align with their educational
purpose, guiding players toward meaningful learning experiences. They offer distinct
and effective mechanisms for learning and assessment, which set them apart from
traditional instructional methods [2].

The relationship between game development, computer science, and disabled
people’s education is a powerful and transformative one. Through the convergence of
these fields, innovative solutions can be created to address the unique challenges faced
by individuals with disabilities, ultimately fostering inclusivity and equal access to
education. Let us explore this relationship in more detail:

1. The Role of Game Development: Game development plays a pivotal role in shap-
ing educational experiences, especially for students with disabilities. By leverag-
ing interactive and immersive gameplay, game developers can create engaging
environments that capture the attention and interest of learners. Games provide
a safe and enjoyable space for individuals to explore complex concepts, experi-
ment with different approaches, and reinforce their understanding through
active participation. The integration of educational content within games can
transform traditional learning into a dynamic and accessible experience.

2.The Intersection with Computer Science: Computer science serves as the back-
bone of game development, providing the technical foundation for creating
interactive experiences. In the context of education and disability empower-
ment, computer science brings forth powerful tools and technologies that can
be harnessed to enhance accessibility and inclusivity in games. From adaptive
control systems and assistive technologies to data analysis and machine learn-
ing algorithms, computer science empowers game developers to create tailored

solutions that accommodate diverse learning needs and overcome barriers for
disabled individuals.

3.Empowering Disabled People through Education: Education is a fundamental
right, and it is crucial to ensure that individuals with disabilities have equal access
to quality educational opportunities. Game development, driven by computer
science advancements, can significantly contribute to empowering disabled
people in education. By incorporating accessibility features and adaptive technol-
ogies, games can provide tailored experiences that cater to specific disabilities,
allowing individuals to actively engage and participate in the learning process.
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This inclusion not only facilitates knowledge acquisition but also fosters confi-
dence, self-expression, and social interaction.

The relationship between game development, computer science, and disabled
people’s education goes beyond just creating accessible games. It opens doors to new
possibilities, empowering individuals to overcome limitations, develop critical skills,
and thrive in various educational domains. Through the use of adaptive technologies,
such as brain-computer interfaces or augmented reality, games can provide unique
learning experiences that bridge gaps and promote independence for disabled learn-
ers. Moreover, the collaboration between game developers, computer scientists, and
educators can lead to continuous innovation, driving the evolution of educational
approaches that prioritize inclusivity and personalized learning.

By embracing educational serious games and leveraging their potential, we can
advance educational and social inclusion by providing interactive and effective learn-
ing experiences for all students. These games serve as a bridge between education and
entertainment, offering a powerful tool for engagement and knowledge acquisition
[6, 7]. Through their thoughtful design and purposeful implementation, serious
games contribute to creating an inclusive and enriching educational environment for
both disabled and non-disabled students alike.

3. Methodology

The Elementals game is designed to enhance the learning process for chemistry
students, providing them with valuable support that complements common teaching
and learning methods. Its overarching purpose is to be educational and inclusive.
With a strong focus on accessibility and social inclusion, the Elementals game strives
to ensure that students and players with disabilities can actively engage with the
content and participate in the learning experience. The Elementals game not only
enriches the educational journey of junior and high-school chemistry students but
also emphasizes the importance of equal opportunities for all learners.

Through its carefully crafted methodology and project outcomes, the Elementals
game makes a significant contribution to the advancement of inclusiveness in educa-
tion. Integrating accessible features in response to the needs of different learners
creates an environment that fosters engagement, comprehension, and knowledge
acquisition.

3.1 Concept

The Elementals project sets out to create an immersive and educational serious
game that revolves around the concept of collecting cards. The game will offer multi-
player support, enabling players to engage and compete with one another, and it will
leverage cutting-edge technologies such as augmented reality and geolocation.

The success of the game will be measured by its impact on academic performance,
as it aims to improve learning outcomes through the application of gamification prin-
ciples and a less intimidating approach to the study of chemistry. The mechanisms
and features developed for the game will be carefully crafted to ensure inclusivity,
allowing students with disabilities to effortlessly engage with the game.

At the core of the game’s objective is the collection of molecule cards, with players
striving to increase their ranking by accumulating a diverse range of cards. To obtain
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these molecule cards, players must first gather atom cards that are dispersed across
real-world map locations. Leveraging their chemistry knowledge and skills, players
strategically select and combine atom cards to construct unique and valuable mol-
ecule cards, which are then added to their ever-expanding collection.

To assess the presence of any disabilities, the game begins with a puzzle-based
evaluation. This assessment includes challenges designed to determine color blind-
ness, featuring squares of varying sizes and colors, as well as options for players to
select their preferred communication mode, such as written or sign language, to
identify any hearing impairments.

The game takes players on an exploration journey starting from their current
geographic location, searching for atom cards scattered throughout the real-world
map [3]. The level of engagement and success in finding hidden atoms depends on
the players’ determination and their familiarity with gameplay mechanics. Once close
to an atom card, players can activate the augmented reality feature to view the atom
directly within their surroundings and add it to their card collection. Additionally,
players can strategically combine sets of atom cards to create unique and powerful
molecule cards, earning valuable score points that contribute to their leaderboard
ranking. This leaderboard serves as a representation of each player’ progress and
learning achievements.

To provide ongoing motivation and rewards, the game presents daily objectives
to players based on their ranking. By completing these objectives, players unlock
rewards and advance their user level. As players ascend to higher levels, they gain
access to crafting more complex molecules that were previously beyond their reach.
This progressive system not only enhances the learning process but also encourages
continuous skill development and deepens their understanding of chemistry.

The Elementals project strives to revolutionize the educational gaming landscape
by offering an inclusive and captivating experience that seamlessly integrates learning
and entertainment.

3.2 Objectives

Elementals is a groundbreaking game that has been designed to revolutionize
education and ensure that every student has access to equal opportunities. It seeks to
achieve two main objectives: developing an educational component focused on the
field of chemistry and fostering inclusivity for players with disabilities, including
color blindness, and mobility and hearing impairments. By incorporating innovative
features and adaptations, Elementals empowers individuals with disabilities to fully
participate in the game. Thus, the game aims to incorporate the following specific
objectives:

1. Educational component: The game offers a unique approach to learning
chemistry by complementing traditional schoolbooks with a card-collecting sys-
tem. This engaging gameplay mechanic encourages students to actively explore
and acquire knowledge about chemical elements and compounds. By collect-
ing and organizing cards, players gain a deeper understanding of the subject
matter and develop essential skills.

2.Inclusivity for players with disabilities: One of the key aspects of Elementals is its
commitment to allowing players to configure the game according to their specific
needs. Importantly, this configuration is entirely optional and not compulsory,

91



Computer Science for Game Development and Game Development for Computer Science

ensuring that players can choose to customize the game to their preferences.
This empowers individuals to create an experience that aligns with their unique
requirements and learning styles.

3.Inclusion of color-blind players: To promote the inclusion of color-blind players,
Elementals incorporates feedback mechanisms that go beyond traditional color-
based cues. Instead, the game utilizes well-defined and easily understandable
symbols that provide clear and unambiguous information. By relying on these
symbols, color-blind players can fully comprehend and interact with the game’s
elements without facing any disadvantages.

4.Inclusion of deaf players: Elementals embraces the inclusion of deaf players
by providing feedback that caters to their specific needs. This involves the use
of sign language to express simple messages, which are then translated into
sequences of sign language characters within the game. By incorporating sign
language, the game ensures effective communication and enables deaf players to
fully engage with the gameplay experience.

5.Inclusion of players with mobility impairments: Elementals is dedicated to sup-
porting the inclusion of players with mobility impairments. It achieves this by
integrating an EPOC device, which enables alternative input methods. These
methods may include mimicking actions, utilizing shortcuts, or employing push-
buttons to interact with the game. By providing full user accessibility, the game
ensures that players with mobility limitations can navigate through the game
world and participate in all aspects of gameplay.

Overall, Elementals represents a groundbreaking approach to education and
inclusivity. By focusing on chemistry and incorporating features specifically tailored
to individuals with disabilities, the game breaks down barriers and promotes equal
opportunities for all players. Elementals empowers students to actively learn, raises
awareness of learning challenges, and fosters a sense of inclusion and accessibility
within the gaming community.

4. Game development

The game architecture of Elementals comprises six primary components, each
playing a crucial role in delivering a cohesive and immersive gameplay experience.
These components work together seamlessly, leveraging cutting-edge technologies to
achieve the game’s objectives and provide an engaging learning environment for players.

4.1 Game architecture

The Elementals game encompasses six primary components (Figure 1) that
perform together to create a cohesive and immersive experience. These components
are carefully designed to fulfill specific functionalities and contribute to the overall
game objectives. These components are as follows:

1. Mobile Application Component: The Mobile Application Component serves as the
user-facing interface of the game. It enables users to interact with the game and
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Figure 1.
System component diagram.
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access various features and functionalities. This component establishes communi-
cation with the backend component to exchange data and trigger actions. The back-
end component provides a set of services that the mobile application can consume.

2.Backend Component: The Backend Component consists of a Node server hosted
on the Azure platform. It acts as an intermediary between the Mobile Applica-
tion component and the other game components. This component offers a well-
defined interface, exposing a range of services that the mobile application can
utilize. Through this backend component, the mobile application can access and
manipulate data, perform calculations, and interact with the wider system.

3. Database Component: The Database Component, implemented using MongoDB,
plays a vital role in storing and retrieving essential information required by the
game. The Backend Component communicates with the Database Component
to fetch the necessary data. MongoDB, a flexible and scalable NoSQL database,
provides efficient storage and retrieval mechanisms, ensuring the game’s smooth
functioning.

4.MapBox Component: The MapBox Component configures and generates the

world map, incorporating real coordinates and serving as a foundational layer
for realism and immersion. This component enhances the gameplay experience
by providing a dynamic and interactive environment where players can explore,
search for atoms, and encounter other players. The MapBox component contrib-
utes to the game’s spatial awareness and location-based features.
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5.Emotive EPOC (Brain-Computer Interfaces) Component: The Emotive EPOC
Component serves as an interface specifically designed to cater to individuals
who may have physical movement limitations. It allows users to interact with
the application using inclusive inputs based on brain-computer interfaces. This
component ensures that the game remains accessible to a wider range of users,
promoting inclusivity and equal participation.

6. Augmented Reality Framework Component: The Augmented Reality (AR) Frame-
work is a crucial component that brings an immersive experience to the game. It
enables players to collect atoms in a visually captivating and interactive manner. By
leveraging AR technology, this component overlays virtual elements onto the real
world, enhancing the gameplay and fostering a deeper sense of engagement.

Each of these components within the Elementals game serves a distinct purpose
and contributes to its overall functionality and user experience. The seamless integra-
tion and collaboration among these components create a cohesive and compelling
environment for players to learn and enjoy the game.

4.2 Special technical requirement

For this game, the researchers applied a range of technologies and tools to meet the
technical requirements. These include:

1. Unity 3D: The researchers utilized the Unity 3D engine as the foundation for
developing the game. Unity 3D offers a comprehensive set of tools and features
for creating interactive and immersive experiences.

2.Visual Studio Code: This code editor was employed by the researchers to write
and edit the game’s source code. Visual Studio Code provides a lightweight and
versatile environment with support for various programming languages.

3.Visual Studio Community Edition 2019: The researchers used this integrated
development environment (IDE) for building and debugging the game. Visual
Studio Community Edition offers a rich set of features for software development.

4.Map Box—Georeferencing Services: Map Box’s georeferencing services were in-
corporated by the researchers to enable location-based functionalities within the
game. These services provide access to accurate and up-to-date mapping data.

5.Photon: Photon was used for implementing multiplayer networking capabilities
in the game. This framework facilitates real-time communication and synchroni-
zation between multiple users.

6.Blender for 3D modeling: The researchers employed Blender, a powerful open-
source software, for creating and editing 3D models used in the game. Blender
offers a wide range of tools and functionalities for modeling, texturing, and
animating objects.

7.REST Services for server communication: REST (Representational State Trans-
fer) services were utilized by the researchers for server communication. RESTful
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Application Programming Interfaces (APIs) enable efficient and standardized
communication between the game’s client-side and server-side components.

8.Server and Database: The researchers set up a server infrastructure to handle
data storage and processing requirements. Additionally, a database system was
employed to store and manage game-related data efficiently.

9. Microsoft Paint 3D: Microsoft Paint 3D was used by the researchers as a supple-
mentary tool for creating or modifying 3D assets. This software allows for basic
3D modeling and texture editing.

10.InkScape: InkScape, a vector graphics editor, was employed by the researchers
for creating and manipulating scalable 2D graphics. It provides a comprehensive
set of tools for designing and editing vector-based artwork.

11. EPOC Unity Plugin: The EPOC Unity Plugin was integrated into the game by the
researchers to interface with the EPOC Emotiv headset. This plugin allows for
capturing and processing data from the EPOC Emotiv headset, enabling brain-
computer interface functionality.

12. Emotiv App—EPOC Emulator: The Emotiv App was employed as an emulator
for the EPOC Emotiv headset. This software simulates the functionality of the
physical headset, enabling development and testing without the actual hard-
ware.

13. Vuforia—Augmented Reality SDK: Vuforia, an Augmented Reality Software
Development Kit (SDK), was selected to implement augmented reality features
within the game. It provides tools and APIs for marker-based and markerless AR
experiences.

By incorporating these technologies and tools, the researchers ensured that the
game was equipped with the necessary features and functionalities to deliver a
dynamic, inclusive, accessible, and engaging user experience.

4.3 Game engine

The researchers selected Unity 3D as the game engine for this game, taking into
consideration several key factors. Firstly, Unity 3D was chosen because it is designed
to be multiplatform, meaning that the game can be developed and deployed on
various operating systems and devices. This multiplatform capability ensures a wider
reach and accessibility for players.

Additionally, Unity 3D offers an integrated development environment (IDE),
which provides a seamless and efficient workflow for game development. The IDE
includes a comprehensive set of tools and features that streamline the development
process, allowing the researchers to focus on creating engaging gameplay experiences.
Furthermore, Unity 3D comes with an extensive asset library, providing a rich collec-
tion of pre-built game objects, resources, and visual effects. This asset library signifi-
cantly enhances the development speed and efficiency, as it offers a wide variety of
ready-to-use components.

Unity 3D has gained immense popularity within the gaming community in recent
years. It has become one of the most widely adopted game engines due to its versatility
and ease of use. Developers appreciate its flexibility and adaptability, enabling them
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to create games for different genres and platforms with relative ease. Moreover, Unity
3D has an active and vibrant community that actively contributes to its growth and
provides valuable resources, tutorials, and support.

One of the significant advantages of Unity 3D is that it is an open-source engine,
which means that it is freely available for developers to use and modify. This open-
source nature encourages collaboration, innovation, and the sharing of knowledge
among developers. Additionally, the free-to-use model makes Unity 3D accessible to
developers of all backgrounds, irrespective of their budgetary constraints.

Considering these factors, the researchers employed Unity 3D as the game engine
for this game, leveraging its multiplatform capabilities, integrated development
environment, extensive asset library, widespread popularity, versatility, user-friendly
interface, and open-source nature to meet the requirements of the game.

4.4 Rendering

Blender’s 3D modeling engine played a crucial role in the development and design
of various components within the game. Specifically, the researchers utilized Blender
to create and design the Atom models, Molecule models, Cards, and other objects
featured in the game.

Blender, a powerful and versatile software, provided the researchers with a
comprehensive set of tools and functionalities to bring these objects to life in a three-
dimensional space. The Atom models, representing the building blocks of matter,
were meticulously crafted using Blender’s modeling tools, allowing for precise detail-
ing and accurate representation.

Similarly, the Molecule models, which showcase the complex structures and
interactions of chemical compounds, were developed using Blender’s advanced
features. The researchers leveraged Blender’s capabilities to accurately depict the
intricate bonds, atoms, and molecular arrangements, ensuring a visually compelling
and scientifically accurate representation.

In addition to the Atom and Molecule models, Blender was instrumental in
designing other objects essential to the game’s gameplay and visual esthetics. Cards,
for instance, were crafted using Blender’s 3D modeling engine to create distinct and
visually appealing playing cards with intricate designs, textures, and animations.

Blender’s extensive capabilities in 3D modeling, texturing, and animation
enabled the researchers to unleash their creativity and bring their vision to life.
The software’s intuitive interface and the vast array of tools facilitated the creation
of high-quality and realistic objects, enhancing the overall immersion and visual
fidelity of the game.

By leveraging Blender’s powerful 3D modeling engine, the researchers were able
to develop visually captivating and engaging components such as Atom models,
Molecule models, Cards, and various other objects.

4.5 Gameplay objects

The gameplay objects in this game were divided into two distinct major compo-
nents, namely menus for navigation and a game canvas where the actual card collec-
tion levels are played. The separation of menus and the game canvas was carefully
implemented, following the guidelines provided in Unity’s documentation. This
approach aimed to create a structured pattern that efficiently isolates different layers
of the game, facilitating organization and maintenance.
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To achieve this separation, the development process involved creating the menus
and game canvas’ as separate entities. The menus component focused on designing
and implementing the user interface elements responsible for navigation, such as
main menus, options menus, and level selection screens. These menus were developed
following the recommended Unity documentation guidelines, ensuring consistency
and usability.

On the other hand, the game canvas component encompassed the actual gameplay
levels where players engage in card collection. The game canvas was implemented as
a distinct area within the game, dedicated to providing an immersive and interactive
experience. The development of the game canvas followed Unity’s recommended
practices, taking advantage of the available tools and features to create engaging and
challenging levels.

To further streamline the development process, the game’s development components
were organized into a structure. This structure encompassed the following elements:

1. Game actions: This component involved defining the various actions and inter-
actions that players could perform within the game. Examples include card selec-
tion, shuffling, and scoring mechanisms. The game actions component served as
the foundation for implementing the gameplay mechanics.

2. Game action scripts: These scripts were responsible for implementing the spe-
cific functionalities associated with each game action. By utilizing scripts, the
researchers could define the behavior and logic behind the gameplay mechanics,
ensuring smooth and accurate execution.

3. Graphic Resources: This component encompassed the visual assets used in the
game, including textures, sprites, animations, and other graphical elements. The
graphic resources component played a vital role in creating visually appealing
and engaging gameplay experiences.

4. Graphic Assets: This component involved the creation and management of
graphic assets, such as card designs, backgrounds, and visual effects. The re-
searchers carefully crafted these assets to enhance the esthetics of the game and
provide an immersive visual experience.

5.Game Engine controllers: The game engine controllers served as the bridge
between the various development components and the underlying Unity game
engine. These controllers were responsible for managing the flow of the game,
handling input events, managing game states, and ensuring proper integration
between different elements of the game.

By organizing the development components into this structure, the researchers
ensured a systematic and efficient approach to the game’s implementation.

4.6 Game data storage and tracking

The gameplay data, specifically the scores and ranking levels of each player, were
stored and managed in a dedicated Servers Database deployed on the Microsoft Azure
platform. This cloud-based database solution provided a reliable and scalable infra-
structure for securely storing and retrieving game-related information.
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To facilitate seamless communication between the game user and the server data-
base, a REST (Representational State Transfer) API was developed. This API utilized
HTTP methods to enable the game client to interact with the server and access the
scoring information. Two primary HTTP methods were employed for this purpose:

1.POST scores: The game client utilized the REST API’s POST method to send
player scores to the server. When a player completed a level or achieved a sig-
nificant milestone, the game client would initiate a POST request to the server,
transmitting the score data. This data was then stored securely in the server’s
database, ensuring the persistence of each player’s score.

2.GET scores: The REST API's GET method was utilized by the game client to
retrieve scores from the server. When required, the game client would initiate a
GET request to the server, which would respond with the requested score infor-
mation. This allowed the game client to fetch and display scores, rankings, or any
other relevant gameplay data for the players.

By implementing the REST API with these HTTP methods, the game user could
seamlessly communicate with the server database, securely transmitting and retriev-
ing the scoring information. This integration enabled players to persistently store
their scores, track their progress, and compare their rankings with other players.

The choice to deploy the Servers Database in Microsoft Azure provided several ben-
efits. Azure’s cloud infrastructure ensured high availability, scalability, and reliability,
allowing for efficient storage and retrieval of gameplay data. Additionally, Microsoft
Azure’s robust security measures protected the integrity and confidentiality of the
stored information, ensuring that player scores and ranking data remained secure.

4.7 Development lifecycle

The game was structured with distinct development lifecycle phases, which are
outlined in Table 1 for easy reference and understanding.

Phase Process

Alpha Alpha tests assure the first verification to confirm if the game’s overall goals are met and that the
game is effectively evolving into the predefined scope. These tests are performed by the project
team developers.

Beta Beta tests guarantee the first user experience of the gameplay, the feedback in terms of usability,
playability, and the learning experience. These tests are by randomly selected users.

RC Release candidate tests focus mainly on performance and heavy load tests. Once these tests are
passed with success, assuring a real-life scenario load environment, the release candidate is
cleared to be deployed or streamed to market.

RTM The Release to the Market version of the game is the ultimate revised version in terms of bug
fixing, with the highest degree of quality assurance. From this point on only bug fixing from
end-user input is performed.

Table 1.
Game development lifecycle.
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5. Game evaluation and quality scenario control

The evaluation of the project is conducted in accordance with recognized quality
standards, specifically ISO 9126, which provides guidelines for assessing software
quality, and SCORM, a set of standards for developing learning content. These
standards ensure that the evaluation process follows established principles and best
practices in the field.

To facilitate the evaluation process and ensure its objectivity and reliability, a
quantitative evaluation framework called the Quantitative Evaluation Framework
(QEF) is utilized. The QEF offers a systematic and structured approach to measuring
the quality of the system in a quantitative manner. It operates at three levels: dimen-
sions, factors, and requirements. Each dimension encompasses a collection of factors,
while each factor consists of a set of specific requirements [8-10].

This work extends the foundational research conducted by Escudeiro et al. from
2008 to 2013 on QEF. By building upon their contributions, the researchers have
further developed, adapted, and updated the framework to meet the evolving needs
of evaluating educational serious games, demonstrating its ongoing significance in
evaluating educational serious games [11, 12].

By employing QEEF, the evaluation process becomes systematic and standardized.
It enables the researchers to assess the quality of the system and to measurably evalu-
ate outcomes, providing valuable insights into the system’s performance.

5.1 QEF: dimensions, factors, and requirements

The quality scenario of the Elementals game is evaluated using QEF, which follows
the standards set by ISO 9126 for quality assessment. The framework considers three
key dimensions: Functionality, Adaptability, and Usability [8-10].

The Functionality dimension, which is vital for assessing the overall effectiveness
of the game, consists of seven specific factors: gameplay, trading, collection, user
interaction, features, account, and game engine. Each of these factors contributes to
the overall functionality and performance of the game. Evaluating gameplay ensures
that the game mechanics and interactions provide an engaging and enjoyable experi-
ence. Trading and collection assess the game’s ability to facilitate the exchange and
acquisition of cards. User interaction focuses on how players engage with the game
interface and controls. Features encompass additional functionalities and enhance-
ments that enrich the gameplay experience. Account evaluates the management and
security of user accounts, while game engine examines the technical aspects and
performance of the game’s underlying system.

The Adaptability dimension assesses the game’s ability to adapt to new conditions
and requirements. This dimension consists of factors such as gameplay, versatility,
accessibility, and maintenance. Evaluating gameplay adaptability involves deter-
mining whether the game can effectively adjust its mechanics and challenges to
accommodate different player levels and preferences. Versatility assesses the game’s
flexibility in providing diverse gameplay options and modes. Accessibility examines
how well the game caters to players with disabilities, ensuring they can fully partici-
pate and enjoy the experience. Maintenance evaluates the game’s ability to receive
updates, bug fixes, and improvements to ensure its continued functionality and
relevance.
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Usability, another crucial dimension, focuses on how well the game can be used
by players to achieve their goals with effectiveness, efficiency, and satisfaction, as
outlined by ISO 9241 standards. It incorporates factors such as menu navigation,
map navigation, content quality, and integrity. Evaluating menu navigation involves
assessing the intuitiveness and ease of navigating through the game’s menus and set-
tings. Map navigation examines the clarity and ease of navigating the game’s virtual
environment. Content quality ensures that the educational content, including cards
and information, is accurate, informative, and engaging. Integrity focuses on the
consistency and reliability of game data and ensures that players can trust the infor-
mation provided by the game.

To evaluate each requirement within the dimensions, the QEF framework utilizes
a discretized approach with predefined values. These values vary depending on the
specific requirement. Some requirements are assessed using a binary approach,
where they are either fulfilled (100%) or not fulfilled (0%). Others are evaluated
using a Likert scale ranging from 1 to 5, allowing for a more nuanced assessment.
Additionally, certain requirements follow a three-level threshold (0%, 50%, and
100%) or a five-level threshold (0%, 25%, 50%, 75%, and 100%) structure, which
provides a graded evaluation based on specific criteria [8-10].

To ensure clarity and consistency during the evaluation process, all levels and
thresholds for each requirement are clearly defined.

5.2 Evaluation methodology

The evaluation methodology employed by the project team involved assessing the
product under development at various stages during the game’s development pro-
cess. The QEF provided a clear and quantitative perspective on the product’s quality
at any given stage.

This section outlines the approach to testing and data collection for the game
Elementals, with a specific focus on its target population, including individuals with
color blindness, and mobility and hearing impairments.

5.2.1 Technical testing

Technical testing is essential for ensuring product quality and goes beyond
end-user testing. It provides insights into the system’s capabilities, limitations,
and performance issues, allowing necessary fixes to be made. The game specifica-
tions, including mandatory requirements and recommended specifications, are
analyzed using the QEF framework to assess their completion and alignment with the
project plan.

Performance testing involves evaluating the game on different devices with vary-
ing operating systems to assess compatibility and measure performance metrics. The
goal is to identify any potential frame rate drops during gameplay.

5.2.2 Play testing
Play testing is a crucial process in game development where designers thoroughly
test the game to identify and address bugs and design flaws before its release.

Different types of playtest can be conducted. In this case, a playtest without external
participants was chosen.
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During the playtest, the researchers assess the game’s usability by measur-
ing how quickly users become familiar with the interface and navigate through
the game. Feedback on game balance, mechanics (e.g., card picking, available
options), and necessary improvements will be collected. The accuracy of the
Dynamic Difficulty Adjustment (DDA) system will also be evaluated to ensure that
the game’s difficulty matches players’ skills, regardless of disabilities. Analyzing the
game’s flow from early development stages helps streamline the process of fixing
game mechanics.

5.2.3 Focus testing

Focus testing involves testing the product with a focus group to gain insights into
people’s feelings and opinions. In this type of testing, the group examines mockups
and color schemes without actively using the product, understanding that their
responses may change once they interact with the actual game.

The primary objective of focus testing is to evaluate the game’s inclusivity for play-
ers with color blindness, hearing impairments, and mobility disabilities. The focus
tests conducted include different testers:

* Color-blind: Testing the color schema with color-blind users to ensure that this
impairment does not impact gameplay.

* Hearing-impaired: Testing the correctness and appropriateness of sign
language used in the game for individuals with hearing impairments. It is
essential to verify that sign language does not impact gameplay and is easily
understandable.

* Movement impaired: Testing the user interface (UI) to assess its ease of use for
players using the EPOC device or individuals with movement impairments. This
test aims to verify if players with movement impairments can play the game
without their disabilities significantly affecting gameplay.

5.2.4 Usability testing

Usability testing involves observing how individuals interact with the game and
adapt to it if needed. Unlike focus testing, this method allows for the assignment of
specific tasks and the collection of quantitative data.

During the initial interaction with the game, the researchers analyze players’
responses to the interface, available options, gameplay, and the ease and efficiency of
navigation. This testing phase aims to gather objective data on players’ interactions
with the game.

5.2.5 Data collection

The evaluation process relied on questionnaires and interviews as the primary
methods for data collection. The choice of method depended on the limitations of the
testers, with interviews being preferred for individuals with movement impairments
and hearing impairments.
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Questionnaires maintained consistency across different formats, whether written
or verbal, and covered aspects such as user experience, graphics, gameplay, color
schemes, and sign language adaptation.

5.3 Evaluation results
5.3.1 Alpha test analysis report

This section presents the findings of the analysis conducted on the Alpha Tests,
providing an in-depth examination of the results to identify possible areas for
improvement and assess the current state of the game.

Due to the previous Covid-19 restrictions, the researchers opted for an online
questionnaire using the Microsoft Forms platform, facilitating both data collection
and analysis. The Alpha Test included participation from 11 members of the develop-
ment team, all of whom had no hearing impairments. However, it is worth noting that
one question remained unanswered and unanalyzed as a result.

Overall, the evaluations for the questions were positive, highlighting aspects such
as the ease of starting the game, text quality, game stability, interface design, avatar
location, and ranking presentation. Despite the favorable feedback, there is still room
for improvement, and certain considerations should be considered to achieve a more
comprehensive assessment.

Specific improvements are related to the user interface, aiming to enhance naviga-
tion within the application. Conducting additional tests to identify potential errors
and evaluate the game’s performance is advisable. Furthermore, conducting a thor-
ough review of the game’s complete content, including text messages, color utiliza-
tion, and other elements, is highly recommended. Lastly, assessing the effectiveness
of the DDA as implemented in the game is crucial.

5.3.2 Beta tests analysis report

This section presents the findings of the analysis conducted on the Beta Tests, pro-
viding an in-depth examination of the results to identify possible areas for improve-
ment and assess the current state of the game. Additionally, an evaluation based on
the System Usability Scale (SUS) will be provided.

Similar to the alpha test, and to overcome Covid-19 restrictions, the researchers
conducted an online questionnaire using the Microsoft Forms platform, facilitat-
ing both data collection and analysis. Once the questionnaire was distributed to the
participants, they were instructed to play the game and respond to a predetermined
set of questions. To ensure clear and consistent game testing, a comprehensive user
guide was provided.

The Beta Test involved the participation of 11 subjects, all of whom had no hearing
impairments. However, it should be noted that one question remained unanswered
and unanalyzed due to this circumstance.

The evaluations for the questions were positive, with the notable aspects such as
the ease of game initiation, text quality, game stability, interface design, avatar loca-
tion, and ranking presentation receiving praise.

By employing the SUS analysis methodology, it can be concluded that the game
has reached a usable and stable phase. Moreover, it is evident that all test subjects
thoroughly enjoyed the game experience.
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6. Conclusions

Education plays a crucial role in shaping the future of students, but it can often
present unique challenges for those with disabilities. As such, the researchers aim to
address these challenges by developing innovative educational approaches that ensure
equity for all students. The researchers’ primary focus revolves around the develop-
ment of Educational Serious Games, which offer an inclusive and effective approach
to delivering education. Specifically, their work contributes to this field through the
creation of Elementals, an inclusive and educational game.

Elementals are designed to actively engage students and serve as a complementary
solution to the traditional teaching and learning process. By harnessing the power
of technology, the game promotes social inclusion and accessibility in educational
settings, providing students with access to educational information and enhancing
self-learning environments. The game particularly addresses the learning challenges
in chemistry, with the potential to extend its scope to other subjects in engineering
and electrical engineering education.

In future work, Elementals has the potential to expand its reach to encompass a
broader range of subjects within the field of engineering and electrical engineering
education. Through continuous development and improvement of the game, the
researchers strive to enhance students’ educational experiences and foster their learn-
ing across multiple disciplines.
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Chapter7

Education Supported by Games
Even in University?

Kinga Kovdcsné Pusztai

Abstract

Games are part of our lives and are not a waste of time because everyone needs
intellectual experiences and development and the joy of playing. Multiplayer games
play a role in the development of social connections too. Computer games made for
educational purposes are called edutainment. Edutainment is part of gamification,
which became known in 2010, and it means using game elements in other areas of
life. In my chapter, besides providing some examples of mathematics and logic games
and puzzles that proved to be successful when introduced in my university classes, I
will deal with how to incorporate edutainment applications into university courses. In
the broader spectrum of computer science, my research is focused on the subjects of
“Algorithms and Data Structures” and “Programming methods” although some points
and results can be applied to secondary school classes as well.

Keywords: gamification, edutainment, games and puzzles, computational thinking,
IT education

1. Introduction

A game is an experience, a pleasure, a voluntary, free activity for pleasure where
the driving force is the player’s enthusiasm. There are numerous studies (e.g., [1, 2])
on the social benefits of the game. It plays a significant role in the development of
social relationships. It builds character. It teaches the ability to win or lose, play by the
rules, cooperate, and be self-disciplined. These are skills that you need in life.

The importance of the educational role of the game has been recognized since
antiquity. The use of the game in the classroom has a motivating factor. It has a posi-
tive effect on the relationship between teacher and student, as well as on the student’s
active participation in the lesson.

Robert O. Brinkerhoff’s study [3] has shown that participants in traditional train-
ing (methodology and environment) do not achieve sustainable behavioral change at
85% of participants. This means that 10 people out of 12 are unnecessarily involved
in various pieces of training because the training is not followed by a lasting result.
However, if the new knowledge of the learning process can relate to an appropriate
experience, it strongly contributes to the deepening and later recalls of knowledge.

Today, games are increasingly being used successfully in the classroom (e.g.,

[4, 5]). Several concepts have emerged over the past decades to identify the use of
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digital games for educational purposes, but their precise definitions are not clear
[6]. One frequently used term is “edutainment,” which means short for entertaining
teaching and learning. After the turn of the millennium, new terms such as “serious
games” or “digital game-based learning” have spread. Both terms refer to the fact
that the purpose of these games is to facilitate teaching-learning processes. Their
aim is not to entertain, but that does not necessarily mean they are not enjoyable [7].
These applications are in many areas of life: industrial, military, scientific discoveries,
healthcare, engineering, religion, politics, and, of course, formal education [8]. These
digital games are interactive, based on a set of rules, aim to achieve some goal that
challenges the player, and provide continuous feedback on progress in the game [9].
In my chapter, I approach games with two goals. First, I will deal with logic games,
which can also be as programming tasks. In the second part of my chapter, I would
like to show examples of how easy it is to create simple games, even for a theoretical
subject, which is a great help to students in understanding, acquiring, and deepening
their knowledge.

2. Games and puzzles in class work

Logic games are goal-bound and related to winning and competition. The game
is a series of steps taken according to a well-defined set of rules, the goal and result
of which is one or more precisely defined states, which means victory for one of the
parties. In these games, chance plays no role at all. The outcome of the games depends
more or less on the player’s skill. In some games, there is only a winner or loser, while
in others, draw is possible.

The goal of logic games is to help students to find a winning strategy. Students
need to play with each other too, but one of the disadvantages of playing with each
other is that students win not only when they find out the winning strategy but also
when their partner plays badly. A well-programmed computer version of the game
can help overcome this disadvantage.

Using logic games emphasizes experiential learning and observation skills that also
develop problem-solving thinking, which we need more and more in an ever faster-
changing world. According to Lénard, a problem is any situation in which the way to
achieve some goal is hidden from us [10]. Pélya, who was the creator of heuristics,
defines problem-solving as [11] “The solution of any problem involves finding a way
out of some difficult situation, circumventing some obstacle, reaching some goal
that could not otherwise be achieved directly.” The problem-based learning (PBL)
is a teaching method and, according to some researchers (e.g., Walton, Matthews),

a general teaching strategy that has been dealt with since the mid-twentieth century
but has not yet been widely adopted in education [12]. The roots of PBL can be traced
back to John Dewey, who believed that children should prepare for life. In traditional
schooling, the child only learns knowledge but does not learn the most important
thing: how to acquire knowledge. In life, however, there is no ready knowledge [13].
Problem-based learning is defined by Barrows as [14] “A conception of knowledge,
understanding, and education that is profoundly different from the more usual
concept underlying subject-based learning.” Several articles (e.g., [15]) discuss the
benefits of using PBL (e.g., motivating; or helping to develop competencies that are
neglected in traditional education but are very important in life). An example of

a problem might be determining the winning strategy of a logic game. Deductive
reasoning plays a significant role in finding a winning strategy.
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After some mathematical and logical games, students usually formulate con-
jectures and hypotheses that can be proved or disproved. The games also teach
discipline and accuracy, which are needed in mathematics, programming, and real
life [16].

Games and puzzles are typical forms of the interactive use of computers while
displaying several qualities of computational thinking. Various problem-solving
methods and heuristics of mathematics and information technology are inherent to
any aptly compiled series of games and puzzles, hence their privileged role in modern
pedagogy [17].

The aim of the logic games is not only to develop the student’s intellectual abilities
but also to spend their free time in a meaningful and enjoyable way, to socialize, to
strengthen sociability, to compete regularly, and to foster traditions [18].

Logic games are also an excellent tool for teaching programming. I have used the
games presented below in the Programming Methods course of the BSc in Computer
Science Teacher training. This course was in the first semester and aimed at acquiring
programming skills. As an input, no prior knowledge of programming is required.
Therefore, the examples presented are applicable not only in higher education but also
in public education.

2.1 Some logic games
2.1.1 Tower of Hanoi

Perhaps one of the best-known and most widely used games in education is the
Towers of Hanoi, which is used to teach recursion. The exercise, which is also known
as the Towers of Brahma, or the doomsday puzzle, is as follows [19]: put all the discs on
the first vod onto the second one. There are two important rules: (1) you can only move one
disc at a time, and (2) no bigger disc can get on top of a smaller one.

This game was invented by Edouard Lucas, a French mathematician, in 1883. His
inspiration was a legend that at the time of the creation of the world, Brahma’s monks
started playing a 64-disc version of the Tower of Hanoi game. According to the legend,
when the monks are finished stacking the discs onto the second rod, the monastery
collapses, and our world ceases to exist.

For the precise formal specification of the task, we can introduce the Hanoi (n, i, j)
predicate in which # is the number of discs, 7 is the source, and is the destination of
the move. The original problem then becomes formalized as Hanoi (64, 1, 2).

The solution has the following steps (Figure 1):

If there is one disc, lift the disc from rod I and put it onto rod j, or in other words,
use the function move (i, j).

If there is more than one:

Move the top #-1 discs from the first rod to the third one: Hanoi (n-1, i, n-i-j).

Move the largest disc from the first rod to the second one: move (i, j).

Move the top 7-1 discs from the third rod to the second one: Hanoi (n-1, n-i-j, j).

Playing through the game, increasing the number of discs one at a time, students
will understand the idea of induction. If we explain how a previous iteration can serve
as a model for calculating with an increased number of discs, the idea of recursion
is also introduced and understood. The solution illustrates the “divide and conquer”
principle in program design along with recursion. Summarizing, by using this game,
skills like algorithmic thinking, inductive inference, generalization, and abstraction
are developed.
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n>1

T F

Hanoi (n-1, i, n-i4) | move (i, j)

move (i, j)

Hanoi (n-1, n-i-j, j)

Figure 1.
The structogram of the solution of the game.

2.1.2 Guess my number

Almost all of us know the game that starts with the following question: Guess the

number I have thought between 1 and 100. With at least how many questions can you guess

for sure? The idea behind the solution is halving intervals, which is an excellent way to
demonstrate the theorem of logarithmic search. The solution will be 7 because
log,100=6,6<7.

Perhaps a more difficult and less familiar version of the task is to guess the number
by writing down all the questions in advance and having no control over the ovder in which
the guesser looks at the questions and answers them. Ave seven questions enough in this case,
or do we need more questions?

This task can be answered if we produce some cards in advance, and our questions
are whether it is on the given card. If we make the cards skillfully, then 7 questions are
still enough. But how do we create our card so that we can guess the number by look-
ing at it? The binary number system is used for the solution. The first digit of each
card will be a power of two. The card contains the numbers whose binary number is
one in the given position. In this way, the thought number is obtained by adding the
first numbers of the cards for which we received the answer that the thought number
is on the card. (The cards are shown in Figure 2a.)

Making the cards can be a simple programming task. In this case, the guessing
game is not limited to 100, but to #. We do not use the binary numeral system when
creating the program. It is easier if we notice some regularity about the numbers on
the number cards. (The algorithm for creating the cards is shown in Figure 2b.)

The task can be made even more difficult by leaving the world of numbers and
choosing another topic. I attempted to do this in the Challenge online competition
that was aimed at primary school students and also my first-year university students.
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The cards and the structogram of creating the cards.

The chosen topic was Olympic sports. The best answer to 5 questions listed 25 sports.
(The solution is shown at the following link: https://people.inf.elte.hu/kinga/bar-
kochba.png.).

3. Gamification and edutainment

Computer games made for educational purposes are called edutainment.
Edutainment, a portmanteau of the words “education” and “entertainment,” refers to
technologies and software products that combine education with entertainment in
some way. In the digital age, many of these products and technologies seek to make
education more attractive to young people and students [20].

Educational technology takes many forms. A streaming video platform, a prepack-
aged learning product, or an app for a mobile phone can be classified as edutainment.
Such instructional applications are very effective in practicing tedious routine tasks
(e.g., in mathematics operations with fractions) or in very complex concepts (such as
the operation of an ecosystem). Therefore, edutainment can be a significant issue in
the development of modern digital and hybrid learning materials for classroom and
supplementary educational use [20].

Edutainment is a subset of gamification. The concept of gamification in the public
mind appeared in the 2000s and has become popular since 2010, but its origins can
be traced far back. Fuchs [21] found examples of the use of gamification in the army
dating back to early Roman times.

The most accepted definition of gamification is “the use of game elements in a non-
gaming context” [22].

Two very important concepts appear in the definitions of gamification: game ele-
ments and game mechanisms, which are often called game design techniques. Game
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elements refer to tools taken from traditional and video games and game mechanisms
to the application of the operating principle.

Of course, tools will work effectively only if the mechanisms of the game are
given: A game is a voluntary, promising success, transparent, and properly delimited
(providing proper time).

The “out-of-game context” term in the definition implies that the purpose of the
game is different from that of gamification. The biggest difference between game
and gamification is that a game is an activity providing entertainment or amusement,
whereas the purpose of gamification is to do something to achieve a predefined goal
in real life.

3.1 The appearance of edutainment in “Algorithms and Data Structures” practical
university course

In a previous semester, I supplemented my practical lessons with edutainment
applications. These included Kahoot quizzes that I usually used for summarizing. As
it was so popular with students, last semester I decided to create a Kahoot quiz for
each of my classes. I continued this initiative this semester as well, and in addition, I
also introduced the use of Kahoot quizzes to check class attendance. I find the Kahoot
repetition at the beginning of the lesson very useful as it is easy to use and does not
take too much time, but the students like it. It spices up the lesson, briefly summarizes
what they learned in the previous lesson, and confronts the students with their gaps,
and after using them, the students tend to pay more attention. In addition, it sends
me feedback on the success of the answers to each question and the student’s perfor-
mance. To make the game more interesting, the students who solve the most questions
correctly get 1 extra point, which is added to their test score.

Kahoot is a well-known and popular quiz-maker application that I presented in
detail in my previous work [23]. I will therefore not describe its use here. However,
based on my experience, I recommend taking the following aspects into account [23].

* First, I consider it important that a Kahoot quiz is not too long and does not want
to repeat too much knowledge. (A quiz for me consists of 5-7 questions.) A Kahoot
that is too long becomes boring, takes a lot of time out of the lesson, and contains
more information than the students can remember, so it is not effective.

e It is important to pay attention to the time limit. If the question is too long, then
more time should be allocated, but by overestimating the question and allocating
more time than necessary, the competitive spirit is reduced and thus the students’
motivation.

* One of Kahoot’s drawbacks is that it shows the images in a small size. An image is at
its largest when it is lying flat, and its aspect ratio is closest to 350 x 220.

I researched the students’ feedback using anonymous questionnaires that were
filled out by 62 students. (17 of them were English-speaking and 45 were Hungarian-
speaking students.) Its result can be seen in Figure 3.

The question “How much do you like that we repeat with Kahoot at the begin-
ning of the class?” was rated on a five-point scale with an average of 4.44, a standard
deviation of 1.07, a mode, and a median of 5. (The Hungarian students rated it with an
average of 4.6, while English students rated it with an average of 4).
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Kahoot questionnaire

How much do you like that How useful do you find How much do you like How well the idea you
we repeat with Kahoot at Kahoot repeats? using Kahoot 10 check think it is to get exira
the Degmmng of the class attendance? points with Kahoot?
class

Figure 3.
Students feedback on the Kahoot.

The usefulness of the Kahoot repetitions was similarly rated, with an average of
4.37 (Hungarian students scoring 4.53 and English students 3.94), a standard devia-
tion of 1.01, a mode, and a median of 5.

The idea that checking class attendance with Kahoot was rated with an average of
3.97, a standard deviation of 1.33, a mode, and a median of 5. This was the only ques-
tion that the English-speaking students rated well (4.11) than the Hungarian-speaking
(3.91) students.

And finally, the idea that students could earn extra points with Kahoot didn’t
appeal to the students as I thought it would. They rated it with an average of 4.31, a
standard deviation of 1.25, a mode, and a median of 5.

The students had the opportunity to write down their opinions. I received a total
of 20 text opinions (that’s about a third of the students), which I was very happy
about as it meant that almost a third of the students thought it was important to
evaluate them textually as well. Some opinions about it: “It’s a really smart choice to
take attendance with Kahoot because in this way we don’t lose time for it, furthermore we
can get extra points;” “I think it’s a great way to repeat what yow've learned in the previ-
ous class, vather than just starting the next material;” “Kahoot gives extra motivation to
prepave for class after class;” “Fun and cool ©.”

Based on student feedback, I will use Kahoot in my other classes to check class
attendance.

3.2 The appearance of edutainment in “Algorithms and Data Structures” lecture
university course

My previous research was about the gamification of practical lessons. Based on my
own and others’ experiences, the use of gamification elements has a positive effect on
student motivation, which leads to a deeper knowledge of the material.

My current research is about the gamification of lectures. In contrast to practical
classes, lectures are more difficult to activate students, as we have 300 students at
atime instead of 20. If we use a presentation, the vast majority of students do not
take notes, as the presentation is usually downloadable. For this reason, several of
my colleagues returned to traditional blackboard lectures, but this did not bring the
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appropriate student activity either. Unfortunately, many students complain that the
explanation is told to the board, so they do not hear much of it, and it is also dif-
ficult to write down the material, so it is even more difficult to pay attention to the
explanation.

A further problem is that the lecture material is generally more theoretical than
the practice, with more definitions, theorems, and proofs, which makes it much
harder to hold the student’s sustained attention. Many students fall behind in the
first half of the lecture and from then on do not pay attention or try to re-engage with
the lesson. Since the assessment of the subject is an exam during the exam period,
students do not even take much care to understand it during the study period. And
the backlog is increasing more and more, so it takes much more time to master the
knowledge during exam time. This is why I started to expand the course with edutain-
ment applications.

I have created an edutainment application for each lesson which is optional. These
apps are short games purposed to help you review and understand the lesson material.
As they are not long, they are not suitable for learning the whole lesson, but they are
excellent for highlighting, reinforcing, or illustrating them with examples of some of
the most important knowledge of the lesson. A further advantage of its brevity is that
the highlighted parts are just so long for the students to remember. I hope that the
short games are motivating enough for them to engage with it so that they come to
the next lesson with some prior knowledge that will help them to understand more of
the lecture.

My longer-term goal is that when learning for the exam, they will already have
some prior knowledge to help them learn. Because they will not be unfamiliar with
the material, they will be able to master it more easily and more deeply in less time.

Of course, there will be students who will play these games during the exam
period. In this case, the mid-semester benefits will not be applied, but they will still
help with the learning process.

When creating the games, I tried to use as many images as possible, thereby
favoring students with a visual style. I think that today’s world is becoming more and
more visual, so there are more and more people who can understand the material
more easily with the help of a picture. (These images are usually also included in the
lecture.)

The app for the first lecture was viewed by 55 people in the first week, which
means 17.2% participation in the 307 people’s lecture. Of course, this rate is not
entirely true, as some of the 307 students did not attend the lecture (due to class
collision or exemption), and there are certainly students who opened the app more
than once. The game for the second lecture was viewed by 44 people; it means a 14%
attendance rate. However, the viewing of games does not stop after a week; currently
(at 2/3 of the semester), these apps are at 123 (40%) and 128 (41.7%) views. All these
numbers may not seem so high, but considering that there is no exam period yet,
there is no assessment yet, so there is no need to learn the material yet, I think these
are not bad rates.

I was curious to know the students’ opinions that I collected through an online
questionnaire. A total of 119 students filled in the questionnaire and rated the games
on a five-point Likert scale with an average score of 4.52 (with a standard deviation of
0.7, amode, and a median of 5) (Figure 4a). So far, 114 out of 119 students (95.8%)
have been helped by the apps in their learning (Figure 4b). The students could also
write opinions about the games, some of which were: “It playfully teaches useful basics.
It is very good, we should have similar games in more subjects;” “It helped me to review not
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Figure 4.
Students feedback on the apps.

only the practice but also the lecture notes;” “I liked that it was specific to the course mate-
rial.” Text responses also revealed that some students do not attend the lecture and do
not read the notes, but open the game and then watch the presentation of the lecture
to solve the game.

As T introduced my innovation this semester, I do not know yet how it will affect
my exam grades.

In this semester, I will make 12 games for the lecture. In the following, I will pres-
ent some of these that I have already created.

3.3 Presentation of some edutainment applications

Nowadays, there are a lot of free interactive curriculum maker applications that
are very easy to use. (Some of which I have presented in Edutainment in Education
article [24]).

I created my edutainment applications using LearningApps. I like it because
LearningApps.org is a versatile tool for teachers. LearningApps.org is a Web 2.0 inter-
active multimedia application, to support learning and teaching processes with small
interactive modules. We can use it without registration, but after free registration, we
have much more control over our blocks (called Apps) and our classes [25]. It is very
easy to use with a walkthrough tutorial on the home page explaining all of the fea-
tures. I can create your activities from scratch using one of the templates provided or
you can adapt activities already created. There are games and quizzes such as match-
ing, identifying, categorizing, gap-filling, crosswords, filling in answers, ordering,
putting things on a line, and multiple-choice tasks [26].

3.3.1 The millionaire game

In the first lecture, we covered several topics. In addition to introducing basic
concepts and notation, we dealt with the time complexity in more detail and started
the topic of sorting. “The Millionaire Game” app is a great opportunity for repeating
this type of lesson.

The App is a 6-question quiz, embedded in a game. The difficulty is that with
a wrong answet, you lose and must start the game from the beginning. The home
screen (Figure 5b) shows 6 values, each of them hiding a task. There are four possible
answers to a question (Figure 5a), of which only one is correct. If you find the correct
answer, return to the home screen, where the diamond moves up one value; that is,
you continue to the next question. If you give a wrong answer, the correct answer can
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Figure 6.
The end of the millionaire game by losing, or by winning.

be seen, but the game is lost (Figure 6a); that is, it ends. The game is won if all the
questions are answered correctly (Figure 6b).

I was afraid to create “The Millionaire Game” type app because I thought that
it would frustrate the students if they made a mistake on the last question. But it
does not frustrate them; it motivates them to solve the task correctly. Meanwhile,
going through the first questions several times, they unconsciously learn the
answers.

According to the questionnaire, this game was one of the most popular, with
students rating it 4.62 on average (they only rated it with fives and fours), and it
helped all students but one to learn. The game received some text comments, some of
which were “The gamified approach is fun;” “My little boy enjoyed it and ask me to search

for tasks on the LearningApps that were suitable for him;” “I think it’s a good idea because,
in case of a mistake, the repeated questions help to memorize it.”

As the feedback showed that the students liked this type of game, I also created
“The Millionaire Game” app for a future lecture.

3.3.2 Group assignment

To practice elementary data structures, I created a group assignment game. The
app exercises the knowledge of the array, the queue, the simple one-way linked list,
and the one-way list with a header node. At the beginning of the game, these four
groups appear in different colors (Figure 7a). The cards (24) are visible in the middle,
which you need to drag into the right group. If the cards run out (or if you want to
stop gaming), the solution can be checked by clicking on the checkmark in the blue
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Figure 7.
Group assignment start and end screen.

circle in the lower right corner of the screen. The correct solutions are given a green
frame; the incorrect ones are given a red frame (Figure 7b).

Some cards contain images; others contain important properties of the data struc-
tures (e.g., time complexity, when to use, and advantages over other data structures).

This is the game that most students dealt with so far. In the questionnaire, students
rated the game with an average score of 4.51, and all said it helped them to learn.
The app received some text comments, some of which read like this: “I liked that it
was specific to the curviculum. I would highlight that the (previous) answers were visible
throughout;” “It was useful, I think it was a good summary of the similarities and differ-
ences between the data structures..

Feedback from students confirmed that this type of app is useful because it is
easy to give a visual example, which is increasingly important for today’s generations.
Based on the feedback, I will decrease the number of the cards.

3.3.3 Matching pairs

To practice the two-way lists, I created a matching pairs game. One-half of the pairs
is a picture, and the other half is an explanation of the picture. There are eight pairs in
total; two pairs represent the types of two-way lists, and six represent the structograms
of its operations. As the images are quite small, clicking on them will enlarge them so
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Matching pairs start and end screen and an example of a bad and a good pair.

that they are visible. Initially, all the cards are on a virtual corkboard, with one-half of
the pairs with an orange angle and the other half with a blue pin (Figure 8a). The cards
can be matched in any order, starting with the easiest one you know for sure and finish-
ing with the hardest one. When marching, you must take one of the cards to its pair. If
you did well and found a pair, then the members of the pair are linked, given a green
frame (Figure 8d), and then disappear from the board. If not, the cards get a red frame
(Figure 8c); then, you can take them apart with one click to continue the game. The
game is over when all the cards have been matched; that is, they have disappeared from
the board. A congratulatory message (Figure 8b) will then be received.

This game has been rated the most and in the most different ways. The average rating
was 4.29 with a standard deviation of 0.96. The app also received some text comments,
one of which reads: “ liked that the concepts and their explanations were visualized in one
place, at the same time”” The game also veceived a constructive opinion: “I liked it, I think it
would be even better if we could see all the parties together after the successful solution.”

Based on the feedback, I modified the app afterward, so you do not get immediate
feedback about the pairing, but your pairs do not disappear in the end (Figures 9
and 10).

3.3.4 Crossword

To practice the basic concepts of the binary tree, I created a crossword puzzle with
13 questions, 4 horizontally and 9 vertically. The question can be solved in any order,
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with the help of the letters already filled in (Figure 11b). When checking, the letters
that are filled in correctly turn green, and the incorrect ones turn red (Figure 11c). If
you have solved the crossword correctly (Figure 11a), a new word as a solution will be
received.

Based on the questionnaire, this game was the most successful, with an average score
of 4.8. The student only rated it with fives and fours, and it helped all students to learn.
It is clear from the comments that the students liked the app. (“I enjoyed this one, I liked
the tree in the background and the questions made sense, but you had to know the concepts.”)

Feedback from students confirmed that this type of app is useful, because playful
enough for students to take out their notes and review important concepts. I plan to
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innovate similarly in my other subjects in the future, and based on the feedback I have
received, I will use this type of app there as well.

4. Summary

Experience-based learning builds on our curiosity as a natural component of our
human operation. The drive is a very strong urge to accompany us from our child-
hood. There may be a lot of hindrances in the learning process, such as lack of motiva-
tion or disinterest. However, using games in teaching can turn our knowledge into a
problem-solving action; then, we can be a success [27].

In my chapter, I approach games with two purposes.

First, I have dealt with logic games that are suitable for programming tasks. The
featured games are examples of how logical games can use to teach programming.
There are a vast number of games that can be used in secondary school or university
education. Although I have approached the application of games with a programming
focus, the scope of the application can be extended; that is, they can be used in other
areas as well.

The presented games are not new, but they can still be new to many students as
they have not necessarily seen them before in this digital age. These games can be
applied with great success in teaching certain concepts by helping the development of
problem-oriented thinking.

In the second part of my chapter, I wanted to show examples of simple games
that can be created, even for a theoretical subject, which can greatly help students
to understand, master, and deepen their knowledge. This section is mainly of peda-
gogical importance; although I have shown examples within the areas of computer
science, the methods I have presented are not only related to computer science but can
be applied to the teaching of any subject.

In this section, I have created some edutainment applications for the “Algorithms
and Data Structures” university lecture and practice courses, and I also have
researched the student’s opinions.

The high participation of students in the survey and their feedback confirmed that
there was a place for the use of gamification not only in public education but also in
higher education.
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Chapter 8

METs as Gamified Health Indicator
to Promote Elderly Active Lifestyle
and Technology Acceptance in
Ambient Assisted Living

Xavier Fonseca

Abstract

This paper focuses on ambient assisted living (AAL) scenarios and proposes the
use of location-based games (LBGs) as engaging applications for (1) the promotion of
an active lifestyle in healthy senior adults (+65) and (2) the enhancement of current
acceptance rates of technology used in these scenarios. It offers a high-level software
architecture that can be used to integrate health indicators produced from gameplay
data of LBGs with AAL healthcare systems, thus serving as data sources capable of
contributing to better professional healthcare support. The proposed concept enables
care providers in AAL settings to recommend gaming exercises that can be done
through LBGs; in turn, such professionals have access to health indicators (metabolic
expenditure) of the gameplay, which can then be compared to the WHO recom-
mendations for an active lifestyle of older adults. This concept enables the use of
digital LBGs running on commonly available smartphones without the need for extra
hardware, as applications that are more engaging and motivational than traditional
technologies by design. A test of concept for the proposed architecture is presented,
whereby the health indicator METs are offered from multiple gameplay data provided
by an LBG and where such indicator is compared to dedicated hardware.

Keywords: location-based games, ambient assisted living, health, concept, architecture

1. Introduction

Ambient assisted living (AAL) explores technology to support the ageing process
of the elderly and chronically ill. This is a concept that contributes to a more sustain-
able national healthcare system, through which high costs and stress in the healthcare
infrastructure can be alleviated [1]. Within AAL, technology is designed and used to
turn ageing into an easier and (to some extent) self-dependent process to individu-
als, all the while aiming to prevent, heal, and improve overall wellness. Even though
being a promising concept, researchers have focused on the technical evolution of
AAL systems [2-4] (e.g., sensors [5, 6], [oT-based devices and architectural designs
[7], dependability analysis [8], complex systems engineering [9], modeling of
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AAL-related factors [4, 10], and artificial intelligence in AAL [11]). Less effort has
been put on user acceptance of AAL technology [2, 12]. This, together with the status
quo of legacy systems of formalized care institutions that tend to be substantially
sized, complex, and closed [13-15], prolongs the lack of adoption of AAL systems in
the larger-scale national healthcare systems [3].

Pervasive serious games are applications that are designed early on to engage
players and that can serve as an alternative approach to user acceptance. The seri-
ous games discussed in this paper are digital location based, that is, games that run
on location-aware smartphones connected to the internet and that are designed to
provide an outdoor pervasive gaming experience. Even though argued to be lacking
overall social acceptance themselves as “serious” applications for healthcare [2],
serious games in general are established as valid options for multiple health-related
purposes such as rehabilitation [16], physical exercise [17-19], and cognitive training
[20]. Serious location-based games (LBGs) serve as a potential means for a more sus-
tainable and engaging health improvement approach to AAL settings, as they expose
healthy players to their physical surroundings and motivate them to go outside and
do fun game activities to advance gameplay. When the serious game is an active LBG,
movement (and maybe even physical exercise) must be made to progress through
the gameplay. The activities promoted by LBGs can be purposefully designed to be
beneficial for the elderly living in AAL scenarios and must be researched further to
have their potential properly unlocked in AAL settings.

This paper presents a concept of LBGs for healthy senior individuals living in AAL
locations, a concept that informs researchers and practitioners on how to integrate
LBGs in health and wellness applications used by healthcare professionals in these
locations. The presented concept proposes the benefit of combining LBGs with AAL
technology, by proposing LBGs as data sources for health indicators that are usable
in AAL scenarios. It offers an instantiation of this new architectural concept with the
existing LBG “Secrets of the South,” which offers one health indicator that is relevant
for AAL scenarios: the estimated metabolic expenditure (METs) of the gameplay
sessions of that LBG.

The following section of this paper provides a brief background on the evolution
of AAL systems and their current maturity level and the use of engagement and
LBGs as key research avenues to improve current technological approaches in AAL
scenarios. The next section proposes the health indicator MET as one appropriate
indicator for older adults, all the while proposing a conceptual architecture, where
LBGs work together with AAL systems to inform them on the metabolic expenditure
during gameplay sessions throughout the week. The section after that instantiates
this concept with the LBG Secrets of the South. The following section discusses the
presented proof of concept and highlights implications for game development and
computer science. The last section concludes with future work.

2. Background
2.1 Ambient assisted living and its maturity level

Several factors, such as innovation in technology, the demand of citizens for easier
and updated access to healthcare, and a justified concern over rising costs and stress
in existent formalized care infrastructure, have driven the pursuit of new healthcare
solutions and models [21, 22]. These have sought to transform the present reactive
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healthcare system centered on treating patients’ ailments, into a user-centered care
provision centered on what users (instead of patients) want. Among multiple transi-
tions, the concept of AAL emerged as a model based on the connected devices over the
internet (IoT), which aims at promoting an active and assisted self-centered ageing
process to the elderly and chronically ill primarily in their home [23]. AAL is the use
of IT technologies (AALTSs) for the enhancement of the quality of life of the elderly via
active and healthy applications. The AAL concept (1) refers to an ecosystem that (2) is
enabled by cloud and IoT technologies in particular [24] and that (3) promotes health
and wellness applications for a high-quality ageing process. This ecosystem includes
the elderly’s relatives, social services, health workers, and care agencies [25].

Current state of the art on AAL is most solidly based on the technological aspects
of AAL scenarios, leaving other aspects such as user acceptance of such new technol-
ogy largely unaddressed [25]. Over 95% of the research published within the last 3
decades on AAL [26] falls within 12 clinical themes [27]: routine action monitoring
(42.7%), fall detection (13.7%), physiological parameters tracking (8.6%), presence
detection (7.7%), gait analysis (6%), assessment of environment (6%), sleep moni-
toring (5.8%), estimation of level of activity (4.3%), routine support (1.7%), gesture
recognition (1.5%), indoor localization (1.5%), and wandering study (0.4%). This
body of research has different focal points, mainly on the health status (e.g., asymp-
tomatic seniors, dementia, or Parkinson’s), use case settings (home, smart homes,
nursing homes, hospitals, public places, and other settings), population (elderly,
younger target groups, caregivers, and healthcare professionals), different technolo-
gies (e.g., sensors for contact, monitoring, motion, presence, pressure, or tempera-
ture), and methodological perspectives (it is predominantly quantitative [27]).

The purpose of AAL is to improve and promote an active quality of life enjoyed by
the elderly, but it is largely lacking the measurement of the impact of these new tech-
nologies in the user’s life. Current aspects such as user acceptance, based on perceived
usability, ease of use, intention to use, and actual use [28], show that seniors currently
perceive AALTSs as useful, but they are hesitant to accept and adopt them [28-30].
This means that there is a mismatch between proposed AALTs and what works for the
elderly and care personnel alike [30] and shows that AAL as a concept is still material-
ized as a set of prototypes that do not offer extensive and much needed qualitative
insights for AAL to become a consolidated reality.

2.2 User acceptance of AAL technology: engagement and the contribution of
location-based games

Given the presented foci on technological aspects, one potentially beneficial but
largely missing research direction in AAL literature is the design for engagement.
Engagement will hardly solve structural and technical problems hindering the daily
use of AALT such as data security issues or the extra workload imposed on care pro-
fessionals [31-33]. Yet engagement provides an ever-evolving set of design strategies
that can lead to engaging user experiences and higher adoption rates of technology
[34, 35]. These strategies vary at least per target group, as each has distinct capabili-
ties, needs, and preferences [36]. The elderly in particular have a set of conditions
that younger generations do not: beyond the expected lack of IT proficiency, they
experience a decline in cognitive, physical and sensorial functions, and may face some
impairment that is unique from the already diverse age group they belong to [37].

Numerous strategies exist to influence the level of engagement of the elderly with
interactive technology in AAL settings, such as the allowance of creative expression,
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emotional attachment, knowledge sharing, and activities with a purpose they identify
with [17, 38, 39]. It is worth noting, however, that by “the elderly”, this paper refers to
healthy independent senior individuals and not to those seriously impaired mentally
or physically. This is an important positioning when arguing about engagement
because the observed lack of engagement of seniors with technology in AAL settings
may be due to issues far deeper than the potentially benevolent lack of motivation to
use technology [28, 40].

This paper defends that engagement is a missing design goal for technological
adoption in AAL scenarios and proposes serious games as one type of application
that must be engaging by design to benefit AAL systems. Serious games should be
designed to be engaging [39-42], and the study of the impact of serious games in
the elderly’s engagement can contribute to the adoption of AALTS, for example, on
subjective qualitative experiences commonly not accounted for in the AAL literature,
physiological reactions, motives for playing, game usage, time spent on playing, and
the impact of playing on life satisfaction [43]. Existent research on serious games for
health is abundant [19, 44-48], yet research on the combination of serious games for
AAL scenarios is rarely done [2, 49]. The only works on serious games and AAL are
the ones developed by the human-computer interaction center at Aachen since 2015
[2, 49-51]. Brauner, Wittland, and Ziefle have researched the use of serious games for
cognitive training [2, 51], physical exercise [2, 49, 50, 52], and social acceptance [2]
and focus on providing design guidelines for the successful introduction of serious
games for health purposes to residents of AAL environments. They discuss the social
acceptance of serious games and argue that this is an emergent field with challenges
at (1) the relationship level between game performance and intention of use, (2) user
diversity, and (3) the lack of IT literacy of seniors. Thus, with this exception, serious
games for AAL settings are hardly researched [2, 49].

This paper argues that LBGs, as a specific type of digital serious games that run
on devices with locative features and data connection, contribute to the state of the
art of applications for AAL settings and influence user acceptance of AALTs. LBGs as
complement applications to AAL environments are an unexplored research avenue,
and if they are properly designed for a prolonged and sustainable user engage-
ment, they (1) promote an active gameplay experience that is commonly outside
AAL settings and (2) offer a user experience that can serve as potential motivator
for a more active lifestyle to healthy seniors. LBGs are a game genre that promotes
outdoor play around public space, and this is largely not considered in AAL research
possibly because researchers have the assumption that the elderly must be assisted
and hardly have autonomy. LBGs offer clear benefits when compared to traditional
AAL applications (and even regular serious games): when the elderly are healthy and
have the autonomy to walk outside their living location in an unrestricted way, they
can actively move around while engaged in play. When the game design matches the
knowledge of what the elderly prefer playing, and have the physical ability to play,
LBGs may serve as an extra motivator to a more active lifestyle when compared to the
scenarios where they are permanently located within the AAL facility.

3. Concept proposal for healthy elderly (65+) in AAL locations

For serious games to be relevant in AAL scenarios, they must contribute to the
overall AAL technical system in place, and this paper proposes a conceptual model,
where LBGs provide health indicators that complement AAL systems. This paper
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proposes the use of metabolic equivalents (METs) as an estimate of the amount of
physical activity done by the elder. With this health indicator (derived from multiple
data sources from the smartphone where the LBG runs), a conceptual architecture
is presented where LBGs are integrated with an AAL technological environment and
where they work together to promote an active lifestyle with technology.

3.1 Metabolic equivalents as a health indicator of active lifestyle for the elderly

The metric MET is a physiologic estimation of absolute exercise intensity and
bases itself on the amount of energy that an individual’s body consumes per minute
while resting [53-56]. It varies based on the intensity of the activity performed: light
activities (<3 METs/min) include slow walking or light gardening; moderate activi-
ties (3-6 METs/min) include faster walking or leisure bicycle; and vigorous activities
(>6 METs/min) include running or faster active sports [57]. METs are an important
estimate measure because they are a reliable estimate of effort that can be used to
understand how the individual is doing regarding the recommendations of the world
health organization (WHO). WHO recommends several guidelines to children, ado-
lescents, adults, and older adults on physical activity, which, in general, recommend
a minimum amount of time for moderate to vigorous-intensity physical activity and a
reduction of sedentary lifestyle.

Specific to older adults (+65), the WHO argues that the benefits of physical activ-
ity are critical in many situations such as adverse events, all-cause and specific cause
mortality, cognitive outcomes, falls and fall-related injuries, functional ability, frailty,
osteoporosis, and mental health. As part of their weekly physical activity, seniors
should do varied physical activity of moderate to higher intensity (>= 3 METs/min)
for at least 3 times a week to enhance functional capacity, and it is recommended to
all older adults and to not just those with reduced mobility [58]. In terms of METs, the
minimum recommended by WHO is 450 METs per week.

Given that the MET is an estimate measure of physical effort, it is appropriate for
scenarios where dedicated sensing hardware is not deployed (e.g., electrodes attached
to the person’s body), like those where only a smartphone is used. In LBGs, it is
important to provide a playful experience that is fluid and does not offer a big barrier
to start playing (like the setup of body sensing hardware) [18, 59], which makes the
estimation of METs a compatible approach.

3.2 Location-based games as media to Gamify METSs and promote usage of
technology in AAL settings

LBGs can serve multiple purposes in AAL settings, such as serving as engaging
digital applications to seniors and serving as applications that source relevant data to
both AAL settings and formalized healthcare systems. In terms of the sort of data this
paper refers to, LBGs can calculate the amount of METs that players consumed every
time they played the LBG and give back the aggregated weekly amount of METs to the
AAL system. This can inform healthcare professionals on the seniors’ level of physical
activity outside the AAL location.

To that end, this paper proposes the conceptual architecture of Figure 1. This
conceptual architecture assumes a 3-tier AAL system as what is commonly proposed
as future healthcare systems: with edge and fog computing as architectural concepts
needed to adopt new IoT sensors/actuators and handle the consequentially huge
amounts of data with a short reaction time [24, 60]. The architectural proposal for
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the LBGs is based on what these games require to work in terms of infrastructure and
third-party services (e.g., map provision, gaming accounts, and geolocated points of
interest) [17, 61].

Such architectural concept for LBGs further specifies a separate storage for health
indicators processed by the game, and this is a security measure by design to only
allow access to this database by the AAL system (instead of the whole game data). The
conceptual systems architecture in Figure 1 presents a connection between the AAL
location, other healthcare institutions responsible for the electronic health record data
of the elderly (e.g., multiple hospitals or clinics), and the LBGs. AAL systems should
have access to the personal EHR of care recipients because each person is unique from
the clinical perspective, and this information, recorded over a lifetime, should be
considered by AAL entities. It is admissible for AAL systems to pass data onto formal-
ized healthcare systems not related to LBGs, so the bidirectionality is represented.
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Conceptual architecture to use LBGs as data sources for AAL settings.
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Parallel to formalized healthcare systems, AAL systems are also integrated at the
cloud level with LBGs, with two main data flows. The first one is the establishment of
patient recommended activity criteria by the AAL care staff, which can inform LBGs
of the desired goals from the AAL perspective. The second one pertains to the access
of relevant gameplay indicators from the AAL care personnel that contribute to the
overall health data collection that AAL systems collect.

Regarding the 1st identified dataflow, the proposed concept establishes the use
of criteria for activities that each older adult can/should perform. These criteria are
defined by the care staff of the AAL environments and are, in turn, consumed by
LBGs to propose differentiated gameplay experiences to seniors. Every time the LBG
is played, the game consults such criteria defined and stored in AALTs and recom-
mends gaming activities based on the updated criteria. The admissible criteria are not
specified in this paper but may include: (1) the type of physical activity allowed or
level of risk the senior has; (2) a scale recommending more movement (in METs); (3)
more cognitive training (e.g., memory exercises); and (4) more activities promoting
emotional gain (e.g., giving back to society, having random social interactions, or
transmitting knowledge).

Regarding the 2nd identified dataflow, LBGs store and process data from the game
state and gameplay. This goes from GPS coordinates to game-related events that
players encountered during gameplay. Much of this data can be post-processed in the
game cloud into valuable health indicators that are in turn available to be included
in the AAL care providers’ assessment on how active and healthy each OA has been.
Specifically on health indicators, LBGs can calculate the amount of METSs spent
through the following game indicators:

* Activity type (Activity): The computing of energy expenditure is directly
associated with the type of activity performed (e.g., walking, fast pace, running,
or jumping).

* MET level of Activity (MET Level): The computing of energy expenditure is
directly associated with Activity and the level of effort applied. This is the MET
per full minute of activity of a given activity type, and the different METs/min
per type of activity (and the vigorousness involved) are found here.!

* Distance (GPS): what distance was covered while doing the activity.
* Time of Play (ToP): within which amount of time the given activity was done.

The two mentioned data flows of the presented concept happen across different
systems on the cloud (those of the AAL and the LBG). These systems work com-
pletely autonomously by definition: LBGs can work without an integration with AAL
systems, and vice versa. The flow of data must therefore be explicitly agreed upon
between each elder of the AAL location and their LBG account: only they may decide
to enable their gameplay as a data source for the analysis and monitoring of their
health and wellness in the AAL settings.

With these game indicators, the amount of METs can be computed first by finding
the speed with which the type of activity was done:

! http://media.hypersites.com/clients/1235/filemanager/MHC/METs.pdf, Levels of Common Recreational
Activities, Wellsource, Inc, 2008.
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Speed (Km/h)=GPS/ToP (1)

With Activity and the speed from Eq. (1), the MET Level can be found herel.
With that information, the amount of METs of each LBG gameplay can be found with
the following equation:

METSs = MET Level x ToP 2)

All these indicators (Activity, MET Level, GPS, ToP, and METs) are to be stored
in “Health Indicators DB” of Figure 1 and can then be used to inform healthcare pro-
fessionals on the weekly amount of METs spent by each patient of an AAL location.

4. Test on MET conceptual validity

From the conceptual architecture presented in Figure 1, this paper presents a
test of concept where an existent LBG is used to provide an estimate of the amount
of METs from a gameplay session and where such estimate is compared to the effort
measured through a dedicated smartwatch. This is to reflect on the soundness of the
health indicators estimated through LBGs played on a smartphone, not to validate the
concept.

4.1 Context: the LBG secrets of the South

Even though not designed specifically for users aged 65+, the SotS is chosen to
further explore the proposed concept. It is an LBG that the authors have information
and control over its implementation,; it fits the proposed concept and can be used to
generate and test the estimation of METs as a health indicator.

The LBG Secrets of the South (SotS) is a game created for the promotion of mean-
ingful social interaction in public space and has been validated with both adolescents
and adults in both Rotterdam and the Hague, the Netherlands [17, 18, 39, 42]. Itisa
game that proposes gaming activities (named challenges) spread across the city, and
these activities require different sort of actions to be solved: Quizzes with open and
closed answers, taking pictures and voting on other players’ pictures, doing physical
activities together in a group of players (e.g., playing music or football in the middle
of the street), or performing given actions within a time limit [18, 36, 41, 62]. Players
can play this game by opening it on their smartphones and looking on the map to see
the nearest ones. Given that the game is originally designed to promote social interac-
tion with passers-by, the game activities proposed usually invite players to engage
with other people on the streets, such as interviewing them, inviting them for a dare
challenge, or asking for their collaboration toward a given task (e.g., high fiving a given
number of people within 2 minutes). On top of the described gameplay, players can
also go to the online game portal and propose game challenges for other players to do in
their own neighborhood. The game architecture of the SotS LBG is shown in Figure 2.

Figure 2 provides an example on how to implement Figure 1’s LBG system: the
SotS gaming application requires many services such as the recording of the game
state, the recording of the position of players, account authorization, and the usage
of 3 party services such as the geographical data with points of interest of the
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The SotS software architecture [17].

surrounding area of the player. On the cloud of the game, a custom private server
with storage capabilities (“SotS Custom Server”) is implemented, where both the
“Game DB” and “Health Indicators DB” from the presented conceptual systems
architecture in Figure 1 are built in.

4.2 Gameplay test session and health indicators with the SotS

A gameplay test session was prepared with the SotS to exemplify how, from an
LBG gameplay, the indicators GPS (distance) and ToP (time of play) are made avail-
able to then estimate the amount of METs from a gameplay session. This test session
served to test the idea of using LBGs in AAL settings as proposed in the concept above
and not to validate the presented concept. It started with the design and set up of
several gaming activities around a random public place accessible by an older adult,
which were defined in the SotS online platform as shown below:

The gameplay test session was executed with one person to cover most of the
challenges placed around a given public space in Porto, Portugal, and see how health
indicators could be derived from the SotS game data. Figure 3 shows several 2D icons
on the map representing the different types of gaming activities created in the SotS
game. The test session lasted around 25 minutes in a walking pace, with a senior male
individual weighing 78kg, and the resulting gameplay data that were logged by the
LBG are plotted in both Figures 4 and 5.
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Figure 3.
Setup of game challenges on public space.

Figure 4.
Data collected from the gameplay test session with the SotS. Yellow pins vepresent collected GPS coordinates by the
SotS; green arrows make the locations of the gaming activities previously defined in Figure 3.

Figure 5 shows a small snipped of the entire game data logged by the SotS, which
are needed for the functioning of the SotS (other LBGs may define other data). From
these data, the indicator time of play (ToP) and GPS (distance) are directly calculable
by reading the game database (column “timestamp” in Figure 5 for ToP and columns
“latitude” and “longitude” for distance). In this game test session, ToP was 25 min-
utes, and total distance walked was 1.68 kms. This distance was walked (this is the
type of activity).

From the collected data, we can use formula (1) to calculate the speed of walk,
which results on an average 4 km/h. That means that, by checking the MET level of
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latitude longitude timestamp message
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4117638016 -8.605481148 2021.07.30 14:22:50

41,17629623 -8.605381012 2021.07.30 14:22:54 Otis SOLVED the Quiz Challenge "Who's the new cool kid?" [XsfhCZeFIRS7G37ds) witr
41,17629242 -8.604920387 2021.07.30 14:23:29 Otis clesed the Quiz Challenge "Who's the new cool kid?" [XsthCZeFfRS7G37ds]
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41,17633438 -8.604352951 2021.07.30 14:24:03

Figure 5.
Snippet of the entire LBG game data collected by the SotS: latitude and longitude (GPS coordinates), timestamp
(data/time of record), and message (game event logged).
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Figure 6.
Data collected from the wearable during the game test session: (a) path recorded as 1.84 km, (b) detailed view of

the physical activity.
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walking at an average walking speed of 4 km/h, it is possible to find that the MET
level is 2.9 METs/min. Using the formula (2), this results in 72.5 METs total spent
walking during the gameplay session (around 99 kcal, based on the formula provided
and the weight of the participant).

A wearable was used” to compare real data from this gameplay test session
(Figure 6) with the values estimated by the game SotS (from Figure 5). Based on the
smartwatch, the distance traveled is 1.84 km instead of 1.68 km (observable by the
blue line- Figure 6a), with the details of the walking session in Figure 6b. Of these,
it is relevant for the comparison with the LBG gameplay the distance walked, average
speed, duration measured, and the kilocalories measured by the equipment.

Comparably to the data gathered by the game itself, the distance captured is
more detailed. This means that we can find a speed of 4.4 km/h with formula (1),
which translates into MET Level of 2.97 and results on a total amount of 74.25 METs.
This closely compares to the 72.5 METs/min estimated by the LBG SotS. In terms of
calories, the 99 kcal estimated through the data of the gameplay compare to 122 kcal
estimated through the wearable.

5. Discussion

This paper presented the concept of location-based games (LBGs) for the promo-
tion of an active lifestyle in AAL scenarios, a concept that informs researchers and
practitioners of not only how to benefit from LBGs in AAL settings but also on how to
integrate LBGs as data sources in existent AAL systems. This integration refers to the
use of LBGs as producers of health indicators, specifically the use of gameplay data
such as the type of Activity, MET Level, distance (GPS), and time of play (ToP) to
calculate the quantity of metabolic equivalents (METs) spent during such gameplay.
These METs estimated by LBGs are an estimate measure of absolute exercise intensity
that can help care providers invite older adults to be more active and allow them to
follow up on exactly how well seniors respond to an increased active lifestyle. Parallel
to the extraction of health indicators from LBGs, the proposed concept aims at con-
tributing to a higher acceptance rate of technology in AAL settings in healthy seniors,
when compared to traditional applications. This may be the case when the employed
LBGs are engaging and well designed for this target group.

The test on METs validity was made with one senior individual and with an
existent LBG not originally designed for this scenario or target group. Given that, and
the number of players used in the test, the previous section cannot and is not meant
to validate the concept. It serves to illustrate that the metabolic estimate calculated
by the LBG SotS is close (= 19 kcal difference) to what can be derived from dedicated
hardware used to produce the equivalent estimate. This indicates that the use of LBGs
to promote physical activity can also serve to provide an informative and reliable
estimate of the metabolic expenditure of the gameplay. In this case, the proposed con-
ceptual framework would be able to inform the AAL healthcare professionals that this
senior participant spent exactly 72.5 METs over 25 minutes in a potentially engaging
application, which could then be compared to the World Health Organization’s set of
recommendations (or others) at the end of the week to further support the wellbeing
of the older adult.

% The wearable used was a Huawei smartwatch GT2, paired to the Huawei Health application running in

parallel to the SotS game.
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5.1 Implications for computer science and game development

This case study delves into the complex information systems that are deployed
both at formal (hospitals) and informal healthcare sites (e.g., home or elder houses)
and argues toward a specific health indicator through gameplay mediated by LBGs.
The first implication of this is that health-relevant indicators such as metabolic
equivalents can be extracted from gameplay-related indicators. This not only poses
as a guideline for game designers of such games but also takes a step forward toward
reducing the documented lack of social acceptance of serious games as valid applica-
tions for healthcare. Going even beyond the social acceptance of serious games,
health indicators that are produced by systems such as LBGs may be seen by hospital
staff as being worth less than that which is produced by certified hospital equipment.
This may breed the need to create mechanisms in IT healthcare systems of formal
care institutions to legitimate and accommodate data from third-party sources such
as LBGs. It may also imply an extra rigor from the software development’s perspective
to guarantee that health indicators produced by LBGs in AAL settings are a source of
information that healthcare physicians can rely on.

A second implication is the use of LBG as a driver toward the evolution of the
current healthcare IT systems. The future of healthcare is argued to go from a reactive
“I've got a disease” care system to a proactive/preventive “I want to take care of my
own health” care system [22]. This means that healthcare information systems will
be different in the future: (1) they will be centered around what the user (instead of
patient) wants and (2) they will enable more personalized healthcare by potentially
accounting for information produced by third-party non-medical software or some-
how release part of the patient’s information to other systems controlled by the user.
This serves to guide the evolution of current healthcare IT systems toward higher
interoperability and flexibility. At the same time, the use of METs by LBGs as posited
by this chapter contributes to enabling this future of healthcare while at the same
time considering user acceptance of technology.

Lastly, another implication for game development and healthcare systems is that
there is the possibility of having to certify location-based games as medical devices
in the future so that their data can in fact be accounted for in wider healthcare IT
systems. This means designing and developing location-based games where health-
related data produced is secure, private, and locked behind mechanisms; only the
user can articulate. Such a mechanism can be the release of information (METs
produced by an LBG) only when the doctor asks the patient to or when the user
explicitly gives order for the game to upload the information to the AAL information
system. Even though this may pose as a usability challenge for the elder, it may enable
the integration of LBGs as data sources in existing healthcare IT systems and support
the user-centered care paradigm.

6. Future work

Regarding future research, the conceptual architecture should be further explored
with use cases that can implement LBGs and AAL systems in AAL locations. First,
engagement levels that LBGs can achieve in older adults must be researched and how
to design for a sustainable and prolonged gameplay that most likely occurs around
the same places over time. This is a known research issue in games in general, which
are particularly relevant for LBGs. Second, future research needs to further the state
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of the art on technology adoption: do engaging LBGs influence user acceptance of
AAL technologies (AALTs)? Third, future research should assess whether the health
indicator considered in this paper (METs) is the only or the most useful metric for the
discussed scenario, which breeds the need to perform lengthier studies on how well/
reliable are the METs produced form LBGs. Fourth, future integrations of LBGs and
AALTs must enforce privacy (and pseudo-anonymity) by design. It is conceivable to
imagine scenarios where seniors do not want their health care providers to access their
gameplay information but still want to play the LBG. Other topics are more concerned
to games themselves, such as the sort of content that is appropriate to this target
group and who manages and maintains such application in the longer run. Lastly,
the literature on AAL ecosystems must be further developed from the user-centered
design perspective, as the elderly are usually not expected to be fully literate IT users.
Seniors should have a dignified ageing process, and technology must seamlessly aid
in the process and serve as neither an impediment to health and wellness nor as a tool
excluding individuals from social interactions mediated by technology.

Insights on these issues can have positive implications that far outreach AAL sys-
tems and have implications at the larger-scale national healthcare systems of current
societies.
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