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Preface

Nowadays, video games are complex, multidimensional systems that support
cognitive, social, and technological development. Since they have evolved beyond
recreational activities, this book offers an insight into game design, education, and
digital technologies. The book is structured into four sections, which provide a
deeper understanding of the role of video games.

The first section, titled “Game Mechanics, Player Experience, and Design”, focuses

on three main topics. In the first chapter, “Dynamic Difficulty Adjustment in Games:
Concepts, Techniques, and Applications” by Nicholas Fisher and Arun K. Kulshreshth,
the authors investigate gameplay mechanics that dynamically adapt gameplay to the
player’s performance. The next chapter, “Pathways to Mastery: A Taxonomy of Player
Progression Systems in Commercial Video Games” by Tibor Guzsvinecz, introduces a
model of progression systems that illustrates what motivates players and how feedback
loops are structured. Lastly, the chapter “Crafting Virtual Characters for Games: A
Player-Centered Approach” by Remi Poivet examines the psychological and affective
aspects of avatar and NPC design.

The second section, titled “Socio-Cultural Aspects of Gaming”, investigates gaming
as a medium for social behavior and narrative construction. The first chapter, “Games
as a Social-Cultural Medium: Motivation, Community, and Disruptive Behavior”

by Ahmad Azadvar and Qianhui Ni, analyzes motivational profiles and behavioral
phenomena in multiplayer video games. In the following chapter, “Environmental
Storytelling in Video Games: Crafting Narratives beyond Words”, J6zef Cyran,
Dariusz Myszor, and Krzysztof A. Cyran examine non-verbal narrative techniques,
emphasizing spatial and symbolic communication in video games.

The third section is titled “Games and Learning: Educational Approaches through
Play” It presents applications of games in educational settings. In the first chapter, ‘A
Brief Discussion on Research Experiences in Games and Learning: A Predecessor of a
Community of Practice Approach in Taiwan” by Tieh-huai Chang, institutional and
cultural influences on game-based learning are examined. In the second chapter, titled
“Enhancing Case-Based Serious Games in Dental Education with Al: A Comparative
Study of Manual vs. AI-Driven Development” by Ahmed Adam Kada et al., the
manual and Al-driven development of serious games is investigated. Finally, “Play
with Purpose: Serious Games for Inclusion and Sustainability” by Paula Escudeiro

et al. presents game-based approaches to promote equity and sustainable thinking.

The final section, titled “Technological Innovations in Gaming”, covers both hardware
and software paradigms. In the first chapter, titled “Exploring the Effect of Size on
Viewers’ Perception of Augmented Reality Objects on Mobile Devices” by Zhenan Tian
etal., the design of AR interfaces is explored. Then, in the following chapter, titled
“Internet-of-Things Integration: Sensor-Driven Gameplay on WowCube”, Nikola Perié
etal. present a tactile gaming platform that integrates IoT devices.



Overall, the chapters in this book present video games from multiple perspectives.
I want to express my sincere gratitude to the authors for their rigorous work. With
their contributions, the scientific value of this book has significantly increased.

Tibor Guzsvinecz

Department of Information Technology and its Applications,
University of Pannonia,

Zalaegerszeg, Hungary
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Chapter 1

Dynamic Difficulty Adjustment in
Games: Concepts, Techniques, and
Applications

Nicholas Fisher and Arun K. Kulshreshth

Abstract

Modern video games face the challenge of maintaining player engagement across
a wide range of skills, experiences, and motivations. Traditional fixed difficulty
settings often fail to meet this need, leading to early frustration for new players and
boredom for experienced ones. Dynamic difficulty adjustment provides a flex-
ible alternative by adapting gameplay in real-time based on player performance or
emotional state. Grounded in concepts such as Flow Theory and Self-Determination
Theory, adaptive systems seek to align challenge with player ability and psychological
needs. This chapter reviews the historical development of difficulty systems, outlines
performance-based, emotion-based, and hybrid adjustment methods, and examines
a case study comparing five difficulty strategies within a custom first-person shooter
game. Results show that while difficulty levels and perceived stress varied across
methods, players’ engagement, excitement, and enjoyment remained consistent, sug-
gesting that adaptive systems can help maintain an optimal experience across diverse
player profiles. The chapter concludes by discussing the limitations of dynamic
adjustment, including the importance of transparency, the risk of undermining
player competence, and the need to consider different motivations for play beyond
the pursuit of challenge.

Keywords: dynamic difficulty adjustment, gameplay metrics, physiological sensors,
player engagement, affective computing

1. Introduction

Video games today face a delicate challenge: how to keep players engaged without
overwhelming or boring them. This balance is especially tricky because players
come with vastly different skill levels, gaming experience, and even daily moods.

A game that’s too easy might feel dull; too hard, and it quickly becomes frustrating.
Traditionally, game designers address this with fixed difficulty settings—“easy,”
“medium,” or “hard”—but these one-size-fits-all approaches rarely capture the full
range of player needs.

For some players, especially those new to gaming, even the “easy” setting can
feel overwhelming. They may be unfamiliar with controls, core mechanics, or genre
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conventions, and often do not play long enough to adapt. Many non-gamers try a game
once, feel lost or frustrated, and never return. This early drop-off can prevent them
from reaching the positive feedback loop of skill development, increased confidence,
and eventual mastery that keeps players engaged long term. On the opposite end of
the spectrum are experienced or competitive players who may find even the hardest
setting insufficiently challenging, resulting in boredom rather than engagement.
Designing for these outliers—novices and experts alike—requires flexible systems
that respond to individual needs. Dynamic Difficulty Adjustment, or DDA, offers
a promising solution. Rather than locking players into a fixed challenge level, DDA
systems adjust the game in real time based on how a player performs—or even how
they feel. By tailoring difficulty to each individual, DDA can help more players find
their way into the game and stay engaged, whether they are picking up a controller for
the first time or seeking a new level of challenge.
In this chapter, we explore the foundations of DDA, review key approaches,
including performance-based and emotion-based systems, and share insights from
a study that compared several difficulty adjustment strategies. This highlights how
adaptive design can shape player experience and broaden a game’ reach.

2. Origins of game difficulty

The idea of adapting difficulty based on the player’s performance is not new. In
fact, it can be traced back to the earliest arcade games of the 1970s and 1980s. These
games often featured reactive mechanics that adjusted challenge on the fly, not out of
player empathy, but for commercial reasons. As players survived longer, games like
Space Invaders, Tetris, and Galaga increased the speed or complexity of their enemies.
These adjustments kept the gameplay from becoming monotonous and nudged play-
ers toward a quicker end, encouraging repeat plays and, ideally, another coin in the
machine.

Although primitive by today’s standards, these early systems introduced a key idea:
challenge can and should respond to player behavior. This real-time reactivity laid the
seeds for modern adaptive systems, even if it was initially driven more by monetiza-
tion than by user experience.

As games transitioned from arcades to home consoles and PCs, the model shifted.
Developers began offering fixed difficulty settings—Easy, Medium, Hard—as a way
to give players more control. Without the pressure to push players into game-over
states for profit, games could offer longer, more narrative-driven experiences. But
while this new model reduced pressure, it also assumed players knew how hard the
game would be and how skilled they were before even starting. That assumption
would prove limiting, especially for new players or those whose skill developed
significantly over time.

3. Why fixed difficulty falls short

Despite their widespread use, fixed difficulty settings introduce significant limita-
tions for both players and developers. While they were a logical evolution from the
reactive mechanics of arcade-era design, fixed settings rely on the assumption that
players can accurately assess their skill level and predict how challenging a game will
be before they have even begun. In reality, this often leads to mismatches: players may
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underestimate themselves and breeze through the game with little engagement, or
overestimate and hit a wall of frustration early on.

These decisions are often made before players have a clear understanding of the
situation. New players, in particular, may be unfamiliar with the game’s mechanics,
pacing, or difficulty curve. Being asked to choose a challenge level before even touch-
ing the controls can feel alienating, especially when that choice directly shapes the
entire experience.

For developers, fixed difficulty adds another layer of complexity. Designing
multiple tiers that feel distinct, fair, and fun requires a deep understanding of player
psychology and broad testing across varied skill levels. Despite best efforts, these tiers
are rarely one-size-fits-all. Launching with fixed difficulty tiers that are too rigid or
poorly tuned can result in mismatches between player ability and challenge, leading
to frustration, disengagement, or uneven reviews. Even when multiple settings are
available, they may fail to adapt to players whose skill develops over time or whose
preferences shift across sessions. And while post-launch patches can tweak balance,
they often come too late to recover lost player interest.

Another key issue is that fixed settings do not account for player improvement. As
players progress, they often become more skilled, mastering mechanics, recognizing
patterns, and refining their strategies. A difficulty level that once felt appropriate may
become too easy over time, resulting in boredom during key narrative or climactic
moments.

A more flexible solution is needed: one that evolves alongside the player. DDA
addresses this gap by responding in real-time to performance or even emotional state.
Instead of locking players into a single challenge level, DDA systems personalize
the experience moment to moment, helping maintain engagement across a broader
spectrum of player ability.

4. Foundations of adaptive difficulty

While fixed difficulty settings offer a simple solution to balancing challenge, they
often fall short in addressing the diverse and evolving needs of players. DDA has
emerged as a promising alternative. However, its development is not just a technical
shift. It is grounded in longstanding design practices and psychological theories.
Understanding these foundations helps explain why adaptive systems are more
than reactive mechanics; they are rooted in principles of engagement, learning, and
motivation. This section examines the historical origins of adaptive design and the
theoretical models, such as Flow Theory, that continue to influence the understanding
and implementation of DDA today.

4.1 Flow theory in dynamic systems

One of the most influential frameworks behind DDA is psychologist Mihaly
Csikszentmihalyi’s Flow Theory [1]. Flow describes a mental state of deep immersion,
marked by intense focus, a sense of control, and intrinsic enjoyment in the activity
itself. In games, flow occurs when the challenge posed by the game is well-matched to
the player’ abilities, a balance that fosters engagement without tipping into boredom
or anxiety.

According to Csikszentmihalyi, if a task is too easy for the player’s current skill level,
it results in apathy or boredom; if the task is too difficult, it induces worry, frustration, or
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even anxiety. Flow emerges in the narrow channel between these extremes, where players
are stretched just enough to stay immersed and motivated. This balance is illustrated by
the challenge-skill model in Figure 1, which visually represents how an optimal experi-
ence arises when task difficulty aligns with individual capability.

A well-tuned DDA system aims to preserve this equilibrium by continuously
adapting gameplay conditions in real time, responding to fluctuations in player skill,
focus, and emotional state. Rather than relying on static difficulty settings, such sys-
tems adjust challenge dynamically to keep the player within the optimal “flow zone.”

This principle is foundational to both performance-based and emotion-based
adaptive systems. The phenomenon of being “in the zone” reflects this state of flow,
often characterized by heightened arousal, sustained concentration, and a diminished
awareness of time and self. While flow is frequently associated with high arousal and
positive valence, these are distinct emotional dimensions—arousal refers to the inten-
sity of the emotional state, while valence indicates its pleasantness or unpleasantness.
By supporting this optimal state through real-time adaptation, DDA can lead to more
engaging, personalized gameplay experiences.

4.2 Beyond flow: Motivation, feedback, and personalization

Beyond Flow, adaptive gameplay connects to broader ideas in motivation, learn-
ing, and player psychology. Games are often described as “systems of feedback”—
they reward progress, signal failure, and provide clear goals. When this feedback
is timely, relevant, and matched to the player’ actions and abilities, it promotes a
satisfying loop of effort and reward.

Motivation theories such as Self-Determination Theory (SDT) highlight three psy-
chological needs that drive engagement: autonomy, competence, and relatedness [3].
Adaptive difficulty directly supports the need for competence by adjusting challenges
to align with player skill, helping players feel capable and successful. This reinforce-
ment loop, where a player attempts a task, receives feedback, and either advances or
tries again with better information, is essential for maintaining both engagement and
learning.

Difficulty
~,
\\\
\\
\\\
\\
Ay

 J

Player Ability

Figure 1.
Flow state is achieved when challenge matches player skill. Too much challenge causes anxiety; too little leads to
boredom (Reproduced with permission from [2]).
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This balance is not only motivational but also cognitive. According to Cognitive
Load Theory [4], learners (and players) have a finite capacity for processing infor-
mation. Adaptive difficulty can help regulate this load, reducing complexity when
the player is overwhelmed and increasing it when the player is under-challenged, to
ensure that the experience remains mentally manageable and engaging.

Feedback also plays a crucial role in how players perceive their own improve-
ment. Systems that offer too little challenge risk making the player feel uninvested,
while systems that are too punishing can lead to discouragement. Adaptive difficulty
systems help maintain a motivational sweet spot, offering tasks that are just hard
enough to promote effort, without overwhelming the player. This idea parallels scaf-
folding in educational design, where instruction adapts to a learner’s needs to support
growth.

Personalization amplifies these effects. In educational and entertainment contexts,
research has shown that personalized systems—those that adapt to a user’s prefer-
ences, pace, or performance—lead to better retention, deeper engagement, and
longer play sessions. Adaptive systems that respond to emotional cues (e.g., frustra-
tion, boredom) or physiological signals (e.g., heart rate, gaze behavior) take this even
further, potentially allowing for real-time difficulty tuning that meets the player
exactly where they are.

By going beyond static levels and tailoring the experience to the individual,
adaptive systems can meet the player’s needs across multiple dimensions: cognitive,
emotional, and motivational. This personalization helps create a gameplay experience
that feels responsive, rewarding, and tailored to each player.

5. Dynamic difficulty adjustment types

DDA systems can be categorized by the types of data they use to assess the player’s
state and determine how to adjust gameplay. While the core goal remains the same—
aligning challenge with player ability or experience—the methods used to achieve this
vary widely. Some systems monitor performance metrics, while others assess emo-
tional or physiological cues; many modern implementations combine multiple inputs
to deliver more personalized and context-aware adjustments.

The following subsections outline three major types of DDA approaches: perfor-
mance-based systems, emotion-based systems, and hybrid systems that combine
both.

5.1 Performance-based systems

Performance-based DDA is the most common form of adaptive difficulty. These
systems monitor the player’s performance by tracking metrics such as accuracy, reac-
tion time, win-loss ratio, and remaining health. Based on this data, the game dynami-
cally adjusts the difficulty, for example, by increasing enemy speed, spawn rate, or
Al behavior when the player is succeeding, or by reducing obstacles and offering
assistance when they are struggling.

This approach is attractive because it directly responds to observable gameplay
outcomes. It allows for real-time adjustment without requiring player input, and can
be finely tuned to match specific design goals. Because performance is relatively easy
to measure and interpret, these systems are among the most widely implemented in
both commercial and experimental games.
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Performance-based systems are especially well-suited to fast-paced or competi-
tive games. A well-known commercial example is Left 4 Dead, where the game’s
Al Director adjusts enemy waves in real time based on team performance. Another
frequently cited case is Resident Evil 4, which features a hidden difficulty adjustment
system that modifies enemy behavior, damage, and item drops in response to player
performance—creating a smoother experience without explicitly informing the
player.

Academic research on performance-based DDA encompasses a range of genres
and platforms. Early work explored dynamic challenge scaling in first-person shoot-
ers [5, 6], with subsequent studies focusing on balancing player experience through
in-game performance metrics [7]. This approach has been extended to Massively
Multiplayer Online environments through dynamic enemy tuning based on real-time
data [8], and to the Multiplayer Online Battle Arena genre by adapting the challenge
based on both team and individual performance [9].

More recent implementations have incorporated machine learning and novel
interaction contexts. One study used deep learning to classify player skill and dynam-
ically adjust difficulty in an arcade shooter, enhancing engagement and immersion
[10]. Another application of DDA is to Virtual Reality (VR) exercise games, where
procedurally generated environments are adapted to players’ physical capabilities
[11]. A separate model tailored difficulty in a 2D platformer using static danger zones
and enemy behavior patterns [12].

Because performance metrics alone cannot capture the full range of player experi-
ence, researchers began exploring emotion-based systems—an approach intended
to address not just external performance, but internal factors such as arousal, stress,
and attentional engagement. While these systems are often described in affective
terms, many rely on physiological indicators that primarily reflect emotional intensity
(arousal), rather than emotional valence.

5.2 Emotion-based systems

While performance-based DDA adapts gameplay based on observable behav-
ior, it does not always reflect how the player is feeling. A player may perform well
but still experience stress, boredom, or cognitive overload. To address this limita-
tion, emotion-based systems attempt to model the player’s affective state and use
that information to inform the adjustment of difficulty. These systems aim to sup-
port a more comprehensive understanding of the player’s experience, capturing
not only what the player is doing but also how they are emotionally responding to
the game.

Emotion-based DDA systems rely on signals from the body to estimate how a
player is feeling during gameplay. These systems use biosensors to detect emotional
states such as stress, excitement, boredom, or fatigue. Common tools include heart
rate monitors, skin conductance sensors, and brainwave measurement devices, such
as electroencephalogram (EEG) headsets. However, most emotion-based systems
focus on a specific signal to detect a single target emotion, such as using EEG to detect
anxiety or heart rate variability (HRV) to infer stress. In practice, especially within
affective computing and machine learning, these emotional states are often mod-
eled as singular scalar values (e.g., “engagement” or “stress” scores from 0 to 100),
rather than decomposed into independent dimensions like arousal and valence. These
signals are then used to trigger adjustments in gameplay, such as modifying pacing,
enemy density, or UI complexity. While these systems do not typically attempt to
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measure all emotional variables simultaneously, they can still offer targeted adapta-
tion that enhances player comfort and engagement within specific gameplay contexts.

For example, researchers have used EEG to detect anxiety and mental focus in various
types of games [13-15]. In contrast, others have explored excitement and arousal as key
signals for adjusting difficulty in multiplayer settings [16]. Techniques like functional
near-infrared spectroscopy have also been tested to measure mental workload [17], and
HRV is often used to identify moments of stress or cognitive strain [18-21]. Skin conduc-
tance, measured through galvanic skin response, remains a popular method for tracking
emotional arousal and has been widely applied in game adaptation research [22-24].

By gauging emotional cues such as stress, excitement, boredom, or fatigue,
emotion-based systems can dynamically adjust the difficulty or gameplay elements
in real-time. For instance, if the system detects signs of cognitive overload or frustra-
tion, it may lower the challenge or simplify interactions. If boredom or low arousal is
detected, it may introduce new enemies, time pressure, or other stimulating events to
counteract it. The goal is to create a more empathetic and responsive experience that
adapts to both the player’s internal state and their performance.

Although emotion-based DDA is still a growing area of research, a few commercial
games have explored its potential. Nevermind uses heart rate sensors to detect player
stress and dynamically adjusts the horror elements of its environment. Deep, a medi-
tative VR experience, responds to diaphragmatic breathing to promote relaxation
through gameplay. While not widespread in mainstream development, these games
demonstrate how affective input can be used to shape both challenge and atmosphere,
offering a glimpse into the future of emotionally adaptive design.

Despite its promise, emotion-based DDA presents challenges. Biosignals are often
noisy, individual differences in emotional expression can be substantial, and interpreting
affect in real-time remains a complex task. Moreover, while emotion-based systems offer
amore human-centered lens on adaptation, they still represent only one side of what
is required to sustain a flow state. These systems aim to support a more comprehensive
understanding of the player’s experience, capturing not only what the player is doing but
also how they are emotionally responding to the game—typically through signals linked
to emotional arousal rather than valence. Just as performance-based systems fall short by
excluding emotion, emotion-based systems fall short by excluding ability. This limitation
has led to a growing interest in hybrid approaches—systems that combine behavioral and
physiological data to create a more comprehensive and adaptive gameplay experience.

5.3 Hybrid approaches

Hybrid DDA systems combine both behavioral and physiological data to inform
adjustments to the difficulty level. By blending what the player is doing with how
they might be feeling, these systems aim to form a more complete understanding of
the player experience. Rather than relying on a single stream of input, such as perfor-
mance metrics or emotional arousal alone, hybrid approaches integrate both to adapt
gameplay in more nuanced and context-aware ways.

For example, a hybrid system might detect that a player is performing well,
consistently landing shots, or completing objectives. Yet, physiological signals, such
as elevated heart rate or skin conductance, indicate stress. Instead of raising the
difficulty further, the system could maintain the current challenge level but ease the
pressure by reducing time constraints or simplifying the interface. On the other hand,
a player struggling with performance but showing signs of calmness or disengage-
ment might trigger a gentle increase in challenge to re-engage their attention.
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This dual-channel approach is particularly promising in the context of Flow
Theory, which emphasizes the need for balance between challenge and skill, but also
implicitly requires that players feel emotionally engaged, neither overwhelmed nor
under-stimulated. By simultaneously accounting for both performance and affective
cues, hybrid systems are well-positioned to maintain the conditions necessary for
achieving a state of flow. In doing so, they can help sustain player engagement over
longer sessions, support a wider range of player preferences, and create more mean-
ingful, personalized experiences.

Hybrid systems are naturally more complex to develop. They require the fusion
of multiple data streams, calibration across individuals, and often the use of machine
learning models to classify affect and interpret gameplay context. Still, the payoff is
aricher, more empathetic gameplay experience—one that responds to both what the
player is capable of and how they are experiencing the game.

Recent studies have begun exploring these hybrid approaches in greater depth, com-
bining performance data with physiological signals to refine adaptive difficulty techniques
[2,22,25]. This integration aims to address the limitations of relying solely on one type
of data, marking a promising direction for future research and application in the field.

As the field continues to evolve, hybrid systems represent a compelling step toward more
adaptive, emotionally aware, and skill-sensitive game experiences.

6. Case study: Exploring adaptive difficulty in a first-person shooter

Understanding the real-world challenges of adaptive difficulty systems requires
examining how different adjustment strategies influence the player experience.
This case study investigates a custom-built first-person shooter designed to compare
five difficulty adjustment methods: Fixed Difficulty, Player-Selected Difficulty,
Performance-Based Adaptation, Emotion-Based Adaptation, and a Hybrid approach.
Rather than seeking to determine a superior method, the study explores how these
strategies affect player engagement, enjoyment, perceived challenge, and emotional
response. By analyzing gameplay metrics, physiological signals, and self-reported
experience, the study offers insights into how adaptive systems can support stable and
satisfying gameplay across diverse players (Figure 2).

6.1 Study overview

This study draws on previously published research [2] that examined the impact of
dynamic difficulty adjustment on player experience in a custom-designed first-person
shooter. Five difficulty adjustment strategies—Fixed, Player-Selected, Performance-
Based, Emotion-Based, and Hybrid—were compared in terms of their effects on
perceived difficulty, engagement, stress, excitement, and enjoyment.

Participants played under all five conditions, with gameplay order randomized
to control for sequence effects. The study focused on whether different adaptive
methods would meaningfully alter emotional responses linked to arousal, or maintain
engagement across varying gameplay conditions.

6.2 Experimental setup

Thirty-one Participants completed preliminary questionnaires on gaming habits
and immersive tendencies, then were fitted with electroencephalography and heart
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Figure 2.
Screenshot from the custom FPS game used in the study, designed to evaluate five different difficulty strategies.
Reproduced with permission from [2].

rate sensors. After a brief training session to familiarize them with game controls,
baseline physiological signals were recorded.

Each participant then played five short gameplay sessions, each using a different
difficulty adjustment method. Sessions lasted up to 3 minutes or ended when the
player’s character was defeated. After each session, participants rated their perceived
stress, focus, excitement, enjoyment, and difficulty. Throughout gameplay, perfor-
mance metrics (e.g., accuracy, survival time) and physiological signals (e.g., engage-
ment, stress) were continuously recorded.

For adaptive systems (Performance-Based, Emotion-Based, Hybrid), a 40-second
moving average was used to smooth dynamic difficulty adjustments and avoid abrupt
changes in challenge.

6.3 Difficulty adjustment methods

The five difficulty strategies varied in how they responded to player input, perfor-
mance, or emotional state:

* Fixed difficulty: A constant, medium difficulty level served as a baseline
comparison.

* Player-selected: Players chose their preferred difficulty (1-7) before starting. This
allowed self-adjustment based on perceived skill or mood.

* Performance-based: Ditficulty scaled using gameplay metrics such as accuracy,
survival time, and objectives completed. High performance triggered increased
challenge.

* Emotion-based: Difficulty adapted based on physiological signals. Affective data
from EEG and heart rate sensors were used to maintain players in an optimal
arousal range, aligned with Flow Theory, thereby avoiding boredom and
overload.

11
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* Hybrid: Combined both performance and emotional signals, with greater weight
(0.6) given to emotion-based data, based on pilot testing that suggested emo-
tional alignment had greater influence on player engagement.

6.4 Key findings

EEG-Derived Metrics. Physiological analysis focused on electroencephalography-
derived metrics aligned with Flow Theory: Focus, Engagement, and Stress. Objective
difficulty levels assigned by each system were also compared.

As shown in Table 1, mixed-effects modeling confirmed significant differences in
assigned difficulty levels ( p <.001 ), while experiential EEG metrics such as Focus,
Engagement, and Stress remained largely stable across conditions. Although the
model suggested subtle effects for some measures, none survived Bonferroni correc-
tion, reinforcing the interpretation that player engagement was broadly maintained
across different adaptive strategies.

As shown in Figure 3, Emotion-Based adaptation consistently assigned higher
difficulty levels (mean 5.93 on a 7-point scale), while Fixed and Performance-Based
methods produced moderate difficulty. Player-selected conditions exhibited the
greatest variability, reflecting individual differences in initial preference.

Self-Reported Experience. Participant self-reports mirrored objective difficulty trends.
Stress and perceived difficulty ratings differed significantly across conditions, with higher
difficulty corresponding to greater perceived stress. However, ratings of excitement,
focus, and enjoyment remained statistically similar across methods (Table 2).

These patterns are further illustrated in Figure 4, which shows that the Emotion-
Based adaptation was perceived as the most difficult on average, while Fixed and
Performance-Based methods were rated as moderately challenging. Emotion-based
adaptation was perceived as the most difficult (mean 5.34 out of 7), closely followed
by the Hybrid approach. Fixed and Performance-Based strategies clustered around
moderate difficulty ratings (approximately 4.0). Player-selected difficulty again
showed the widest range, underscoring the variability in player self-assessment.

Overall, our results did not reveal one difficulty strategy as consistently superior
in terms of player enjoyment, focus, or engagement. However, this lack of divergence
may be meaningful in itself. Despite varying challenge levels—some systems adapt-
ing to stress, others to performance—players across all conditions reported similar

Metric Mixed Model p -value
Difficulty <.001

Focus 034
Excitement 144

Interest 280
Engagement 029

Stress 040
Relaxation 363

Table 1.

Summary of mixed-effects model vesults across difficulty adjustment methods. Difficulty reflects the actual
in-game challenge level; all other metrics arve derived from EEG signals. Only Difficulty remained significant
after Bonferroni correction (@ =.0071 ).
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Average Game Difficulty by Condition
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Figure 3.

Mean difficulty level assigned during gameplay, grouped by difficulty adjustment method. Bars represent the
average setting applied by the system, with error bars showing standard deviation. The Emotion-Based system
consistently assigned higher difficulty levels, while the Fixed and Performance-Based methods centered on
moderate challenge. User-selected difficulty showed the widest variation across participants.

Question Friedman Test

Please rate your average stress level while playing this iteration of the game 2 (4) =23135, p<-001

Please rate your average excitement level while playing this iteration of the game 2 (4) = 4215, P=-378

Please rate your average focus level while playing this iteration of the game 2 (4) =2675, p=-614

How much fun did you have playing the game this iteration? 2 (4) = 4.098, P=-393

How difficult would you rate this iteration of the game? 7 (4) = 21766, P <-001
Table 2.

Friedman test results for selected post-questionnaire items comparing perceived experience acvoss difficulty
adjustment methods.

Average Perceived Difficulty by Condition

-]

w

Perceived Difficulty (1-7)
w e

L8]

Fixed User Selected Performance  Emotion Hybrid

Figure 4.

Average perceived difficulty vating for each difficulty adjustment method, based on post-condition questionnaire
responses. Bars represent the mean veported difficulty (1—7), with error bars indicating standard deviation.
Participants rated the Emotion-Based condition as the most difficult on average, while Fixed and Performance
conditions were perceived as more moderate. User-selected difficulty showed the greatest variability across
participants.

13



From Pixels to Play — The Art and Science of Video Games

emotional states based on Emotiv’s predefined affective metrics. Both EEG signals
and self-reports suggest that engagement was broadly sustained, regardless of how
difficulty was tuned. This stability may reflect a core strength of adaptive systems:
rather than amplifying emotional differences, they help ensure a consistent and play-
able experience across a diverse player base.

6.5 Design implications

Adaptive difficulty systems are often expected to produce highly personalized
experiences; however, our findings suggest that their role may be more stabilizing
than transformative. Across all adjustment strategies—whether based on perfor-
mance, emotion, or a hybrid—players reported similar levels of enjoyment, focus,
and excitement. This consistency highlights a key strength of adaptive design: its
ability to maintain engagement across a diverse player base, even when gameplay
conditions differ behind the scenes.

Rather than viewing this uniformity as a shortcoming, it may reflect successful
alignment between challenge and ability. Flow Theory posits that engagement peaks
when difficulty matches skill, and our results suggest that each system achieved this
balance in its own way. Players remained emotionally invested, regardless of the
method used to tune difficulty, suggesting that adaptation can support immersion
without drawing attention to itself.

At the same time, our data challenges the assumption that all players want to be
optimally challenged. The broad range of difficulty selections in the User-Selected
condition points to varied motivations. Some participants may have been seeking
mastery or competition, while others may have preferred a relaxed or exploratory
experience. These findings reinforce the idea that adaptive systems should consider
not just performance, but intent. Player-centered adaptation means supporting dif-
ferent play styles—not simply pushing everyone toward high difficulty, but tailoring
the experience based on what the player wants out of the session.

Finally, the convergence across physiological signals, gameplay telemetry, and
self-report lends confidence to these conclusions. While no single metric revealed
dramatic differences, together they painted a coherent picture of stable engagement.
This suggests that the value of adaptation may lie less in creating extreme highs and
lows, and more in offering gameplay that remains steady, immersive, and responsive
across a wide spectrum of player experiences.

7. Limitations of adaptive difficulty

Although adaptive systems can help stabilize player engagement across diverse
gameplay conditions, they are not without tradeoffs. The same mechanisms that allow
for smooth and responsive experiences can also create unintended consequences,
particularly when players are unaware of, or uncomfortable with, how and when
adaptation occurs.

One key concern is the impact on perceived competence. From the lens of Self-
Determination Theory, players derive motivation from overcoming meaningful
challenges. If a system quietly reduces difficulty to prevent failure, it may undermine
the sense of achievement that comes from mastering a task. Even if players remain
engaged, they may question whether their progress is truly earned, which can weaken
the emotional payoff of success.
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Similarly, adaptive systems that raise difficulty in lockstep with player improve-
ment may obscure growth. Without visible markers of advancement, such as
increased scores or tangible skill mastery, players may feel as if they are treading
water, unable to track their development or feel a sense of momentum.

Transparency is especially critical in this context. While adaptive features
are often framed as subtle or seamless, our findings suggest players are attuned
to changes in difficulty, even when not explicitly informed. If those changes feel
arbitrary or hidden, they risk undermining trust. This is particularly problematic
in competitive or high-stakes settings, where fairness is of paramount importance.
Perceptions of “invisible punishment,” such as suspected skill-based matchmaking
penalties, can damage player confidence even if the system is functioning as intended.

Lastly, many adaptive systems are guided by Flow Theory, which assumes players
benefit most from maintaining a state of optimal challenge. But our findings and
prior research suggest this model may not suit all playstyles. Some players engage for
relaxation, while others do so for narrative, social connection, or curiosity. If systems
rigidly aim to push players toward high challenge, they may misalign with those
broader motivations.

These motivational mismatches, along with concerns about transparency and
perceived competence, have behavioral consequences that extend beyond moment-
to-moment experience. The Theory of Planned Behavior [26] suggests that players’
intentions—and ultimately their behavior—are shaped by their attitudes toward the
system, social context, and perceived control. If players feel that difficulty adjust-
ments occur without their knowledge or input, or that they reflect negative evalua-
tions of their skill, this can erode trust and reduce willingness to continue playing.

Beyond these experiential concerns, adaptive systems raise ethical questions.
Because DDA can subtly influence player behavior, it could be exploited to serve
design goals that benefit developers more than players—for instance, encouraging
longer sessions or increased spending on microtransactions. When adaptation is used
in this way without transparency or consent, it risks becoming manipulative rather
than supportive.

Together, these limitations highlight the need for adaptive systems that go beyond
performance metrics and skill matching. Truly player-centered adaptation requires
not only flexibility and responsiveness, but also transparency, ethical boundaries, and
an understanding of the diverse reasons players engage with games.

8. Conclusion

Dynamic difficulty adjustment offers significant promise for creating tailored
gameplay experiences, but realizing that promise will require careful attention to both
technical constraints and the evolving psychological expectations of modern players.
However, despite its potential, several limitations still require attention for broader appli-
cation. Technical constraints, such as the accuracy and reliability of physiological signals
in emotion-based systems, present notable hurdles. Performance-based systems, while
more straightforward, often neglect critical emotional and psychological dimensions of
player experience, potentially limiting their ability to sustain engagement over time.

Hybrid systems, which integrate both physiological and performance metrics,
align closely with principles from Flow Theory and offer a compelling direction for
future research. Yet their practical application remains constrained by complexity,
cost, and the challenge of achieving seamless, real-time integration of diverse data
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streams. In addition to technical hurdles, psychological factors must be considered
carefully. Adaptive systems must preserve player autonomy, perceived fairness, and
trust; transparent adaptation practices and user-centered design will be crucial for
maintaining long-term satisfaction.

Looking forward, dynamic adaptation has the potential to evolve beyond simply
adjusting difficulty along a traditional easy-medium-hard continuum. Rather than
assuming that all players seek optimal challenge at all times, future systems could
embrace adaptive profiles that align with the player’s intent for the gaming session.
Options such as “challenge-focused,” “relaxation-focused,” or “story-driven” experi-
ences would allow players to express their goals more directly, with adaptation tuning
itself accordingly.

To truly align with players’ goals and expectations, future adaptive systems must
account not only for real-time data but also for the psychological factors that drive
continued engagement. As discussed earlier, behavioral models such as the Theory of
Planned Behavior highlight the importance of perceived control and player attitudes—
factors that are essential to fostering trust and long-term satisfaction. By considering not
just performance metrics but also behavioral intentions and player experience, dynamic
systems can overcome the limitations not only of traditional difficulty models but even
of Flow Theory itself, recognizing that sustaining engagement sometimes means chal-
lenging the player, and other times means supporting exploration, immersion, or rest.
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HRV heart rate variability

SDT self-determination theory

Ul user interface
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Chapter 2

Pathways to Mastery: A Taxonomy
of Player Progression Systems in
Commercial Video Games

Tibor Guzsvinecz

Abstract

Player progression systems are a central design element in digital games that shape
how players experience growth, mastery, and engagement over time. This chapter
proposes a taxonomy of the following six progression types: skill-based, XP-based,
item-based, narrative, social, and hybrid. Special emphasis is placed on the trans-
formative role of artificial intelligence (AI) that enables adaptive, personalized, and
procedurally generated progression structures. Through structured SWOT analyses
and detailed examples from representative games, the chapter provides information
for researchers and developers seeking to analyze or construct progression systems.
Future trends, which include meta-progression across platforms, Al-driven narra-
tive generation, emotion-aware design, and ethical regulation, are also explored. By
providing a framework, this taxonomy can serve as a reference for game designers,
researchers, and industry professionals who seek to understand and optimize pro-
gression mechanics in video games.

Keywords: game design, intrinsic motivation, player progression, reward structures,
taxonomy, video game

1. Introduction

Player progression is an important component of video game design that can
directly influence how players interact with mechanics, experience growth, and
remain engaged over time. While progression is not the sole contributor to an engag-
ing gameplay experience, it serves as a critical scaffolding mechanism that shapes
long-term motivation and a sense of achievement [1-3]. However, its implementation
varies between different types of games [4]. In action games, progression might
emphasize skill acquisition and reflex mastery, while in role-playing games (RPGs),
it often hinges on numerical growth, narrative milestones, or social standing.
Therefore, it is necessary to contextualize progression not as a monolithic construct,
but as a multifaceted design strategy tailored to genre-specific goals.

This chapter focuses on player progression in entertainment-focused digital video
games, mainly those spanning single-player and multiplayer genres such as RPGs,
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action-adventure games, open-world experiences, and competitive online games.
While some theoretical studies may draw from formal game theory, the scope of this
taxonomy is limited to empirical and practical game design models. The taxonomy
does not apply to abstract, mathematical games (e.g., zero-sum games, coordination
games) discussed in economic or decision theory literature.

Progression systems perform multiple psychological and functional roles in
games. They provide players with goals, structure the gameplay experience, and regu-
late challenges. Cognitive Load Theory shows that well-designed progression systems
reduce information overload by sequencing difficulty and content. Thus, they enable
sustained engagement and learning [5]. Self-determination theory suggests that
progression systems are most effective when they support psychological needs such
as competence and autonomy [6-8]. Relatedness may also play a role, particularly in
socially driven games, although its applicability is genre-dependent [9]. To further
understand progression, Flow Theory illustrates how optimal challenge-skill balance
can lead to deep immersion [10]. Operant Conditioning underpins many reward
systems as players respond to structured incentives such as experience points (XP),
loot, or achievements [2, 11, 12]. However, an overreliance on extrinsic rewards may
promote compulsive behaviors rather than meaningful engagement [13]. It can also
lead to prolonged play sessions [14].

Recent trends have added new dimensions to progression systems with the use
of artificial intelligence (AI), procedural generation, and live-service models. Al
enables adaptive difficulty, personalized content, and dynamic progression paths
[15]. Procedural content generation and engagement-based reward systems have
also changed how games sustain player interest across multiple sessions [16, 17].
Consequently, a modern taxonomy of progression systems must account not only
for traditional mechanics but also for technological innovations that reshape player
experiences.

Despite the existence of progression systems in commercial video games, a
comprehensive, academically grounded taxonomy has not been widely established.
This chapter aims to fill that gap by categorizing player progression into six key types:
skill-based progression, XP-based numerical growth, item-based systems, narrative
progression, social progression in multiplayer environments, and hybrid models
that integrate multiple approaches. Each category is contextualized with historical
evolution, design challenges, and best practices, with an emphasis on psychological,
technological, and structural considerations.

By offering a taxonomy for understanding progression systems, this chapter serves
as a resource for researchers, designers, and developers aiming to analyze or optimize
progression mechanics in video games. The chapter is structured as follows: Section 2
provides a historical overview of progression systems; Section 3 presents the tax-
onomy and its six categories; Section 4 discusses Al integration; Section 5 speculates
on future trends; and Section 6 concludes the results.

2. The evolution of player progression systems in video games

Player progression systems have undergone significant transformation since
the early days of digital games. In the late 1970s and early 1980s, progression was
rudimentary. It was mainly based on score accumulation and increased difficulty
levels. Arcade games like Pac-Man (1980) and Donkey Kong (1981) had skill-based
progression where continued survival and higher scores indicated mastery. These
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early systems did not retain player achievements between sessions. Consequently, this
showed a transient and linear form of progression coupled with player reflexes and
pattern recognition [8].

A paradigm shift occurred with the advent of RPGs, particularly those influenced
by tabletop systems such as Dungeons and Dragons (1974). Titles like Final Fantasy
(1987) introduced XP as a persistent metric for character development. XP-based
progression became synonymous with RPGs that enabled players to level up their
characters, allocate skill points, and unlock new abilities over time. This structured
numerical growth provided clear and satisfying feedback loops, reinforcing behaviors
aligned with in-game objectives [2].

By the late 1990s and early 2000s, progression systems became more diverse.
Western RPGs such as Baldur’s Gate (1998) and The Elder Scrolls III: Morrowind
(2002) merged XP accumulation with narrative branching and player choice. These
titles expanded the scope of progression to include not just character stats but also
storyline advancement, world exploration, and player agency. Simultaneously, item-
based progression systems became prominent in games like Diablo II (2000), where
randomized loot served as both a reward mechanism and power progression.

The increasing popularity of multiplayer games in the 2000s added a new dimen-
sion: social progression. Titles such as World of Warcraft (2004), League of Legends
(2009), and Overwatch (2016) introduced ranking systems, guild structures, and
persistent reputation mechanics. Progression in these contexts extended beyond
individual achievement and reflected status within the community.

Hybrid models soon became the norm that integrated multiple progression
systems to accommodate diverse player motivations. For example, The Witcher 3:
Wild Hunt (2015) combined XP-based leveling, narrative progression, item acquisi-
tion, and skill customization. Genshin Impact (2020) even incorporated all major
types: skill, XP, item, social, and narrative. These hybrid systems can mainly be found
in open-world and live-service games where personalization and longevity are key
design goals [17].

Recent advancements in Al and procedural content generation have further
influenced progression mechanics. Games like Left 4 Dead (2008) and No Man’s Sky
(2016) used Al to dynamically adjust difficulty and generate content based on player
behavior. These systems enable adaptive progression paths that ensure sustained
engagement without requiring static leveling curves or handcrafted content [15, 16].

Thus, the evolution of progression systems reflects a shift in game design from
transient, reflex-driven challenges to persistent, complex experiences tailored to
individual player preferences. As technological capabilities expand and player expec-
tations evolve, progression systems are increasingly designed to support dynamic,
player-centric gameplay experiences.

3. The taxonomy of player progression systems

Player progression systems are central to shaping user experience, mainly in how
games structure long-term engagement and reward mechanisms. Drawing on genre
conventions, psychological theories, and player typologies, this section presents a tax-
onomy consisting of six major progression types: skill-based, XP-based, item-based,
narrative, social, and hybrid systems. Each subtype is examined with its definition,
common usage contexts, key examples, design implications, and a SWOT analysis.
The following subsections present these six progression types.
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3.1 Skill-based progression

Skill-based progression refers to systems where advancement is tied to the player’s
improvement regarding game mechanics. In these systems, progression reflects player
learning, reaction, and strategic decision-making. While numerical upgrades or
rewards can be present in this progression system, the emphasis is on skill. Skill-based
progression is common in competitive and difficult games where challenge is a core
part of the experience. Unlike RPGs where progression requires “grinding” (doing
tasks multiple times to accumulate XP to get stronger), skill-based games require
players to refine their abilities through trial and error.

* Typical genres: Platformers, fighting games, puzzle games, soulslikes, competi-
tive shooters.

* Example games: Celeste, Street Fighter II, Dark Souls, Counter-Strike: Global
Offensive, Super Meat Boy.

* Required skills (depending on the game): Creative problem-solving, logical rea-
soning, pattern recognition, enemy Al adaptation, tactical positioning, aiming
accuracy, perfect dodging, timing, memorizing level layouts, and combos.

Table 1 shows the SWOT analysis of skill-based progression systems.

Based on the SWOT analysis, the following design guidelines were formed for
skill-based progression systems:

* Introduce a gradual and adaptive difficulty curve;

* Deliver actionable feedback that supports learning;

* Ensure fair and consistent challenge scaling.
3.2 XP-based progression systems

XP-based progression is one of the most common progression systems in video
games. In this case, players earn XP by completing certain actions. These can be
combat encounters, exploration, quest completion, or other achievements. By accu-

mulating XP, players can increase their level or rank. Consequently, they can improve
their stats, learn new abilities, or receive expanded customization options. Unlike

Strengths Weaknesses

High replayability due to mastery mechanics Can frustrate new or casual players

Sense of achievement through skill growth Requires precise balancing of difficulty

Opportunities Threats

Enables deep skill expression and competition Risk of steep learning curve causing player churn

Long-term engagement for expert players Perceived unfairness if mechanics are not transparent
Table 1.

The SWOT analysis of skill-based progression systems.
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skill-based progression, XP-based systems create a numerical representation of
growth. This approach can appeal to players who enjoy measurable progress that pro-
vides clear indicators of advancement. This type of progression is effective because

it is similar to the Operant conditioning principles [2, 11, 12]: players are rewarded at
regular intervals that reinforces dopamine-driven feedback. This cycle keeps players
engaged and motivated to continue playing. This also makes this system effective in
RPGs and live-service games.

* Typical genres: RPGs, strategy games, massively multiplayer online (MMO)
games, live-service titles.

* Example games: Final Fantasy, Pokémon, The Division, World of Warcraft.

* Figure 1 shows a summary of XP-based progression systems. Note that not all XP
sources and rewards are mentioned, only the most common ones are presented.

Table 2 presents the results of the SWOT analysis of XP-based progression
systems.

Based on the SWOT analysis, the following design guidelines were formed for
XP-based progression systems:

* Diversify XP sources to support different playstyles;
* Avoid grind loops that hinder pacing;

¢ Link XP gain to meaningful in-game choices.
3.3 Item-based progression systems

Item-based progression refers to player advancement through gathering, crafting,
or upgrading items such as weapons, armor, or other types of tools. Instead of relying
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Figure 1.
A summary of XP-based progression systems.
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Strengths Weaknesses

Clear, quantifiable progress Can devolve into grinding

Structured reward system Can reduce skill-based agency

Opportunities Threats

Appeals to goal-oriented players Stat inflation and artificial difficulty scaling

Easy to track and balance Repetitiveness if XP sources lack variety
Table 2.

The SWOT analysis of XP-based progression systems.

on XP accumulation or skill mastery, item-based progression grants power and new
abilities through objects obtained in the world of the video game. Item-based progres-
sion uses reward anticipation and the loot drop dopamine effect. It also has variable
reward systems, focuses on player agency, and motivates exploration due to hidden
gear. Item-based progression follows random reinforcement schedules that make
rewards exciting but unpredictable. Unlike XP-based progression, this type offers
choices since players can decide which weapons to craft, upgrade, or prioritize.

* Typical genres: Action RPGs, survival games, looter shooters.

* Example games: Monster Hunter: World, The Legend of Zelda, Diablo II,
Borderlands.

It should be also noted that this type of progression system can have subcategories:

* Tool-based progression: Players acquire key items that unlock new areas or
abilities;

* Loot-based progression: Players acquire randomized gear, with rarity tiers and
stat improvements;

* Crafting-based progression: Players gather materials and craft weapons, armor,
and tools.

To better understand how such systems work, Figure 2 shows a summary of item-
based progression systems.

Table 3 details the results of the SWOT analysis of item-based progression
systems.

Based on the SWOT analysis, the following design guidelines were formed for
item-based progression systems:

e Combine random and deterministic item acquisition;
¢ Offer meaningful differences between equipment types;

* Balance rarity, utility, and accessibility.
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A summary of item-based progression systems.

Strengths Weaknesses

Tangible, immediate power increases Random number generation (RNG) can frustrate progression

Supports diverse builds and playstyles Complexity can overwhelm players

Opportunities Threats

Supports exploration and player agency Grind or imbalance in loot systems

Promotes replayability Pay-to-win risks in monetized systems

Table 3.
The SWOT analysis of item-based progression systems.

3.4 Narrative progression systems

In these types of progression systems, player advancement occurs through story
events, character development, and branching decisions instead of numerical stats or
skill mastery. Progress is measured by how far a player has moved through a game’s
storyline rather than by XP or gear upgrades. Thus, these types of systems focus on
story engagement and character-driven decisions. These systems are mainly common
in RPGs and adventure games since choices shape the game world and influence the
experience of the players. Due to this, many games also offer multiple paths in the
story. Interaction with non-playable characters (NPCs) also affects relationships,
quests, and even endings. These types of progression systems have emotional engage-
ment and decision-making psychology. For example, branching choices make players
feel like they are co-authors of the story. Meanwhile, meaningful decisions create
stronger emotional connections with the characters in the games. These progression
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systems also enhance the curiosity of the players since they replay narrative-driven
games to see different outcomes of the story.

* Typical genres: Story-driven RPGs, adventure games, visual novels.
* Example games: The Witcher 3: Wild Hunt, Life is Strange, Detroit: Become Human.

For an example of narrative storytelling, we should think of a hypothetical
scenario which is illustrated in Figure 3.

A mysterious stranger arrives in the town of the player character. He proposes the
following deal for the player: “Find an ancient magic scroll, then bring it back to me
or face my wrath”. Depending on the choice of the player, the following can hap-
pen: if the player declines this offer, the stranger calls his army and they destroy the
hometown of the player character, resulting in a bad ending. If the player accepts, a
new questline starts. Then, the player finds the scroll, but it is guarded by an ancient
dragon. The game allows the player to fight the dragon or negotiate with it, and both
decisions can yield two outcomes. The player can either be victorious or defeated.
These two outcomes can consequently save the player character’s town or result in
its destruction, respectively. Naturally, this hypothetical scenario is simplified since
these narrative decision trees can be much more complex in today’s video games, and
more than two endings can be reached.

To better understand these types of progression systems, a SWOT analysis was
conducted. Its results can be seen in Table 4.

Based on the SWOT analysis, the following design guidelines were formed for
narrative progression systems:

—
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A summary of narrative progression systems.
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Strengths Weaknesses

Deepens emotional engagement Ilusion of choice if poorly designed

Encourages exploration and agency Limited appeal for action-focused players

Opportunities Threats

High replay value via branching paths High development costs and narrative complexity

Enhances immersion Risk of dissonance between story and mechanics
Table 4.

The SWOT analysis of narrative progression systems.

* Ensure choices influence both the plot and game world;
* Balance nonlinearity with narrative coherence;
* Reflect player decisions through world and character responses.

3.5 Social progression systems

In the case of social progression systems, players advance through interactions
with other players, reputation systems, multiplayer ranking, and community-driven
achievements. Unlike the previous player progression systems, social progression
is tied to the status and social influence of the player while engaging in cooperative
or competitive tasks in the world of the game. These progression systems are most
frequently found in multiplayer games, MMO games, and other, live-service titles.
Here, the player’s growth is measured by their standing in the community. This stand-
ing can consist of ranking in competitive play or contribution to cooperative goals.
Furthermore, unlike progression in single-player games, social progression persists
beyond individual play sessions with evolving leaderboards and guild hierarchies.

* Typical genres: MMOs, competitive online games, live-service games.
* Example games: League of Legends, Fortnite, Call of Duty: Warzone, EVE Online.

Table 5 shows the SWOT analysis of social progression systems.
Based on the SWOT analysis, the following design guidelines were formed for
social progression systems:

* Reward collaborative behavior and sportsmanship;
* Balance competition with inclusivity;

* Design transparent and fair progression metrics.

Strengths Weaknesses

Drives community engagement and competition Toxic behavior and elitism

Encourages teamwork and cooperation Harder for new players to join established hierarchies

Opportunities Threats

Creates persistent progression loops Social pressure may discourage some players

Enables community-driven content Requires constant moderation and balancing
Tables.

The SWOT analysis of social progression systems.
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Strengths Weaknesses

Supports diverse player motivations May overwhelm new players

Flexible and customizable systems Requires delicate balancing

Opportunities Threats

Increases replayability and depth Risk of feature bloat or redundancy

Enables personalized experiences Uneven emphasis on different progression tracks
Table 6.

The SWOT analysis of hybrid progression systems.

3.6 Hybrid progression systems

These types of progression systems combine two or more aforementioned progres-
sion types to create a more dynamic and engaging experience. Instead of relying on a
single method of advancement, these systems offer multiple paths for player growth.
Consequently, these allow individuals to engage with the game mechanics that suit
their playstyle since diverse player preferences require flexible and layered progres-
sion systems [18, 19]. For example, based on player types, achievers engage with
XP-based leveling, item rewards, and rank progression; explorers can benefit from
open-ended progression systems; socializers prefer faction reputation, guild ranks,
and social influence-based growth; and competitors focus on skill-based mastery and
ranked leaderboards.

* Typical genres: Open-world games, modern RPGs, sandbox games.

* Example games: The Witcher 3 (Narrative + XP + Skill), Elden Ring (Skill +
XP + Item + Narrative), Destiny 2 (Item + XP + Social), Final Fantasy VII
(XP + Item + Narrative).

Table 6 presents the results of the SWOT analysis of hybrid progression systems.
Based on the SWOT analysis, the following design guidelines were formed for
hybrid progression systems:

* Ensure synergy between different progression systems;
* Avoid feature overload by streamlining redundant mechanics;

* Let players prioritize progression paths that suit their playstyle.

4. Artificial intelligence in player progression

The integration of Al into player progression systems has influenced the evolu-
tion of modern game design. No longer limited to static structures such as fixed XP
thresholds, linear narrative branches, or predetermined loot drops, progression
mechanics can now be customized in real-time based on individual player behavior,
cognitive load, and emotional state. The convergence of machine learning, procedural
generation, and player modeling enables games to deliver adaptive and personalized
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progression systems that continuously respond to the player’ learning curve and
engagement profile.

This section explores how Al technologies are currently being used in-game pro-
gression through six focal areas: dynamic difficulty adjustment (DDA), procedural
content generation (PCG), personalized learning systems, reward system optimiza-
tion, and ethical considerations.

4.1 Al-driven dynamic difficulty adjustment

Dynamic difficulty adjustment is one of the earliest and most impactful applica-
tions of Al in games. Rather than offering static difficulty levels selected at the outset
of a game, DDA allows for in-the-moment recalibration of gameplay variables based
on player performance metrics such as reaction time, accuracy, success-to-failure
ratio, or input frequency. These adaptations may occur invisibly or be communicated
explicitly through in-game feedback systems [20]. For example, in Resident Evil 4
(both in the original and its remake), the Al dynamically adjusts enemy density and
item drops to maintain a balanced experience. Valve’s Left 4 Dead series created the
“Al Director,” which modulates environmental tension, spawn rates, and item place-
ments to maximize player immersion and team coordination [21].

Table 7 details the results of the SWOT analysis of Al-driven DDA.

Al-based DDA systems have been shown to increase retention and satisfaction
in both novice and expert players [22]. However, the literature shows that balance is
the key if the system reduces difficulty too aggressively, players may feel their skill is
undervalued. Conversely, poorly tuned increases can lead to frustration. Player mod-
eling techniques such as behavior trees, fuzzy logic, and Bayesian inference are often
used to make DDA more robust. For instance, Yannakakis and Hallam demonstrate
how real-time adaptation mechanisms can dynamically adjust gameplay parameters
such as challenge and curiosity to enhance player engagement [23]. Their work on the
Bug Smasher game showed that even a simple gradient-ascent-based controller and
player interaction data (e.g., response time, pressure variance, and input frequency)
could significantly improve the entertainment value of a game. Moreover, their results
indicate that maladaptive parameter changes correlate with decreased player prefer-
ence. This shows the importance of precision in DDA design.

Strengths Weaknesses
Enables personalization without requiring Risks undermining player agency and perceived skill
extensive user input or manual configuration mastery if adjustments are overly intrusive or opaque
Supports accessibility by adapting to diverse Relies on accurate, interpretable player modeling; errors
cognitive and motor skill levels in prediction can lead to maladaptive responses
Opportunities Threats
Applicability extends beyond entertainment to Privacy and ethical concerns regarding the collection
domains such as education, rehabilitation, and and use of player data, mainly in the context of minors
training simulations or biometric tracking
Potential for long-term adaptive profiles across Risk of misalignment between adaptive difficulty
platforms, enhancing cross-game personalization goals and commercial incentives (e.g., engagement vs.
monetization)
Table7.

The SWOT analysis of Al-driven DDA.
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Recent advancements in Al-driven DDA have highlighted its evolution from
heuristic-based systems to personalized mechanisms that enhance player engage-
ment. For instance, Rahimi et al. introduced a continuous reinforcement learning-
based DDA approach in a visual working memory game [24]. This improved player
experience and performance compared to traditional rule-based methods. Similarly,
Kristensen et al. used factorization machines to predict personalized game difficulty
that enabled more accurately customized challenges to individual players [25].
Furthermore, adaptive systems using Monte Carlo Tree Search (MCTS) algorithms
have been developed to adjust game difficulty based on predicted player affective
states, such as challenge and flow, enhancing overall player experience [26]. These
developments illustrate that effective DDA is not merely about matching difficulty
to performance metrics but involves a complex understanding of player behavior,
preferences, and emotional states. As Al continues to advance, DDA systems are
poised to become more responsive and personalized. Consequently, they contribute to
more immersive and satisfying gaming experiences.

4.2 Procedural content generation in progression

Procedural content generation involves using algorithms to generate game assets
such as maps, levels, enemies, and quests. With the use of AI, PCG can also incorpo-
rate player preferences, progress history, and behavior patterns to produce content
that evolves alongside the user [27]. For example, No Man’s Sky uses a mathematical
model and seeded randomness to generate over 18 quintillion planets with unique
flora, fauna, and atmospheric conditions [28]. Roguelikes like Hades or Dead Cells use
PCG to create dungeon layouts that adjust in difficulty and complexity as the player
progresses.

Recent approaches in PCG via machine learning (PCGML) have allowed for the
generation of levels that adapt not only structurally but also semantically. In other
words, the content serves specific learning objectives or engagement patterns [16].
Reinforcement learning, generative adversarial networks (GANs), and Markov deci-
sion processes (MDPs) are among the key techniques enabling these innovations. For
instance, Khalifa et al. introduced PCGRL that is a framework that uses reinforced
learning to train level-designing agents [29]. This enables the creation of game levels
that adapt to player performance and preferences. Meanwhile, Liu et al. provided a
survey on the use of deep learning for procedural content generation while highlight-
ing methods like convolutional neural networks and recurrent neural networks for
generating complex game elements [30]. These innovations signify a shift toward
more intelligent and adaptive content generation in games. By integrating machine
learning techniques, PCG systems can produce content that not only varies structur-
ally but also aligns with the semantic and experiential aspects of gameplay, offering
personalized and engaging experiences for players. As research in this area continues
to evolve, we can anticipate even more sophisticated PCG systems that seamlessly
blend algorithmic generation with player-centric design principles.

4.3 Personalized progression paths through Al

One of Al’s most promising contributions is in supporting individualized player
journeys. Al can segment players based on behavioral telemetry such as movement
patterns, combat preferences, and exploration tendencies and provide progression
paths that match these patterns [31]. This is not just difficulty scaling; it allows for
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changes in narrative delivery, mission objectives, upgrade paths, and even the emo-
tional tone of gameplay. The Nemesis system of Middle-earth: Shadow of Mordor is a
prime example. In that system, Al-generated enemies evolve in personality and tactics
based on previous encounters. In educational games, intelligent tutoring systems can
adjust challenge levels to align with Bloom’s taxonomy of cognitive skills that results in
higher learning retention and flow [32].

Furthermore, the role of Al in player segmentation has been important in
understanding and predicting player behavior. By analyzing in-game actions and
preferences, developers can create more engaging and personalized experiences. This
approach not only enhances player satisfaction but also informs game design decisions
to cater to diverse player profiles. Zhu and Ontafién present a player-centered frame-
work of Al for game personalization as they identify open problems and emphasize
the need for collaboration between technological advancement and player experience
design [33].

Overall, the integration of Al into game design paves the way for the creation of
personalized progression paths that adapt to individual player behaviors and prefer-
ences. By leveraging behavioral telemetry, procedural content generation, and adap-
tive learning frameworks, Al enables dynamic and engaging experiences that evolve
with the player. This marks an important shift from static game design to responsive,
player-centric models.

4.4 The use of Alin reward systems

Al also transforms how players are rewarded by optimizing the timing, frequency,
and type of feedback. Unlike traditional fixed-reward schedules (e.g., get 10 XP for
every kill), Al-driven systems use engagement prediction models to identify when
a player is at risk of disengaging and deploy appropriate incentives. These might
include offering bonus objectives, providing rare loot, or introducing surprise
narrative content [34]. For example, Destiny 2 dynamically adjusts loot drops based
on a player’s recent reward history to prevent monotony or “loot fatigue.” Machine
learning models trained on user retention metrics can detect when players are likely
to churn and introduce corrective mechanisms such as progression boosts, narrative
reminders, or social incentives.

Importantly, these mechanisms require careful calibration to avoid creating
manipulative or addictive loops. While reinforcement learning and behavioral model-
ing are powerful, designers must be cautious not to exploit player vulnerabilities in
pursuit of engagement metrics. To address these concerns, researchers advocate for
the integration of ethical frameworks within Al systems. By incorporating machine
ethics into reinforcement learning, developers can ensure that Al agents make deci-
sions aligned with human values and norms. Thus, they can promote responsible and
sustainable gaming practices [35].

4.5 Ethical considerations in AI-driven progression

The use of Al in progression systems raises critical ethical issues. A well-designed
Al system should empower players. However, concerns arise when Al is used to
impose artificial barriers such as slowing progression or manipulating challenge levels
to steer players toward monetized options like microtransactions or paid boosters.
Opacity is another issue as players are often unaware that an Al system is shaping
their experience. Without transparency, trust in the system may erode, particularly
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in competitive environments where fairness is of crucial importance. The black-box
nature of some Al systems makes it difficult for players to understand how decisions
are made. This can further increase concerns about fairness and accountability.

Best practices suggest giving players visibility and control over Al-driven systems,
including the ability to opt out of personalization or toggle transparency modes.
Game designers must also navigate data privacy concerns, especially when integrat-
ing biometric or affective feedback systems into progression logic. The principles of
explainable AI (XAI) and human-in-the-loop (HITL) design are becoming increas-
ingly relevant in games to ensure that progression systems remain comprehensible
and ethically sound [36]. Furthermore, data privacy is an important concern, mainly
when Al systems use biometric or affective feedback to inform progression logic.
Ensuring that players have control over their data and the ability to opt out of per-
sonalization features is essential to maintain ethical standards and comply with data
protection regulations [37].

5. The possible future of player progression systems

Player progression systems have undergone significant transformation over
the past decades, evolving from rudimentary XP mechanics and static skill trees to
sophisticated, Al-driven models that offer dynamic and personalized experiences.
Emerging technologies such as Al, machine learning ML, blockchain, cloud comput-
ing, and virtual reality (VR) are poised to further revolutionize these systems. This
enables more immersive and adaptive gameplay [38]. Historically, progression in
video games was linear and predefined that required players to follow fixed leveling
curves and rigid upgrade paths. In contrast, contemporary developments have intro-
duced dynamic progression models that afford greater player agency, adaptability,
and persistent engagement across multiple platforms and game ecosystems.

This section examines how these Al-driven mechanics could affect player
progression in the coming years. It discusses Al-powered adaptive difficulty, meta-
progression across platforms, Al-generated quests and storylines, as well as the ethical
challenges of progression design in an era of live-service models.

5.1 The shift toward Al-driven progression

Artificial intelligence is increasingly integral to the structuring and delivery of
player progression. Moving beyond static skill trees and predefined leveling systems,
future games are anticipated to use Al to create adaptive and personalized experi-
ences. Al-driven progression systems can analyze player behavior in real time, adjust-
ing skill recommendations, challenge levels, and rewards to align with individual
playstyles. This paradigm shift from fixed RPG character development to adaptive
progression models ensures that each player’s experience is unique. For instance, an
Al assistant in a role-playing game could learn from a player’s combat style, preferred
weapons, and movement patterns. Thus, it provides real-time suggestions that evolve
alongside the player’s behavior. If a player frequently utilizes ranged attacks but
struggles in melee combat, the Al could recommend ranged perks, suggest strategies,
or adjust enemy behavior to accommodate the player’ strengths and weaknesses.

However, ethical considerations must be addressed in the design of such systems.
Al-driven progression should enhance player agency rather than diminish it. Overly
deterministic Al-generated suggestions may undermine the sense of accomplishment
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and personal investment, leading to a diminished gaming experience. Therefore, it
is imperative to balance AI adaptability with meaningful player choices to maintain
engagement and satisfaction.

5.2 Meta-progression and cross-game continuity

The transition toward cloud-based ecosystems and live-service models has
elevated the relevance of meta-progression. These are progression systems that persist
beyond a single game session, platform, or even franchise. Instead of restarting char-
acter growth with each new game, future progression models may enable players to
maintain a persistent progression profile that carries over across multiple games. This
concept was exemplified in the Mass Effect series (2007-2012), where players could
transfer saved games between titles, allowing previous narrative choices to influence
subsequent storylines. Looking forward, the development of interconnected uni-
verses could facilitate similar continuity on a broader scale.

An emerging and contentious area of in-game progression is blockchain-based
persistence, wherein player-owned progression assets such as skills, ranks, and digital
items exist independently of specific game servers. In theory, blockchain technology
could enable ownership of in-game progression elements, cross-game asset trans-
fers, and decentralized progression tracking. This approach could enhance player
autonomy by allowing assets to retain value across different gaming environments.
However, it also raises concerns regarding monetization, accessibility, and potential
exploitation. The risk of pay-to-win economies necessitates careful consideration of
the ethical implications of integrating blockchain into progression systems.

5.3 Procedural and Al-generated story progression

Al-driven narrative design is expected to redefine the nature of progression in
story-rich games. Procedural quest generation, previously limited to fetch quests or
randomized events is becoming more sophisticated through natural language process-
ing (NLP) and large language models (LLMs) [39, 40]. These systems can dynami-
cally generate branching story arcs, context-sensitive dialog, and evolving world
states based on player actions.

In future games, the decisions of the players could not only shape immediate
outcomes but also generate new plotlines and character relationships in real-time.
Progression in such systems would be less about completing pre-authored content and
more about co-creating narrative paths that reflect the unique playstyle, values, and
history of the individual player.

5.4 Gamification beyond entertainment

The principles of player progression are increasingly being applied outside of
entertainment in areas such as education, workplace training, mental health, and
civic engagement. Serious games and gamified applications already use progression
systems to motivate learning and behavior change [41]. With the support of Al, these
systems can become more adaptive and impactful. For example, educational plat-
forms may use procedural skill trees to guide students through personalized curricula.
Fitness apps can deploy Al to recommend workout goals and dynamically adjust
difficulty based on past performance. Even civic apps can track social contributions
or sustainable behavior through progression metaphors like leveling or badges.
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In these contexts, progression becomes a tool for long-term behavior reinforce-
ment, but it must also preserve intrinsic motivation and avoid excessive gamification
that may trivialize real-world issues.

5.5 Ethical considerations in future progression systems

As progression systems become more complex, persistent, and data-driven,
they must adhere to evolving standards of digital ethics and regulation. Regulatory
frameworks such as the General Data Protection Regulation (GDPR) in Europe
already impact how games handle player data, especially in AI-driven personaliza-
tion [42]. Designers and developers will need to establish best practices for fairness,
transparency, and explainability. Player autonomy must remain a central design goal,
particularly when progression systems adapt based on biometric or behavioral data.

Moreover, there is a growing demand for ethical Al audits and third-party valida-
tion of adaptive systems in games, especially those involving vulnerable populations
such as minors. The future of player progression will depend not only on technologi-
cal capabilities but also on the industry’s commitment to responsible innovation.

Overall, the following can be stated:

* Al should be used to enhance progression, not throttle XP gain artificially to
encourage microtransactions.

* Games must ensure that progression remains rewarding rather than a grind that
feels endless with no meaningful payoffs.

* Al-driven skill recommendations must suggest and not force progression paths.
This can allow players to experiment and find their own playstyle.

6. Conclusions

Player progression systems serve as the backbone of long-term engagement in video
games, shaping not only the player’s moment-to-moment actions but also their broader
sense of development, mastery, and identity. This chapter has provided a taxonomy of
six key player progression types: skill-based, XP-based, item-based, narrative, social, and
hybrid. By formalizing these systems, designers, and researchers can be offered a common
vocabulary for analyzing and constructing progression mechanics.

Moreover, the integration of Al has redefined what progression can meanina
digital game context. From dynamic difficulty adjustment and procedural content
generation to emotionally responsive and personalized progression paths, Al has
enabled systems that adapt to the player’s style, preferences, and performance. These
developments not only enhance player satisfaction but also present novel challenges
in ethical design, transparency, and regulatory compliance.

Looking ahead, progression systems are poised to expand beyond individual
games and even the entertainment domain itself. Persistent meta-progression across
ecosystems, Al-generated narratives, and biometric feedback mechanisms all point
toward increasingly sophisticated and immersive player journeys. Simultaneously, the
adoption of gamified progression structures in education, health, and civic technolo-
gies highlights the versatility of these systems and the importance of designing them
with care and responsibility.
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As games continue to evolve as cultural, economic, and technological artifacts,
player progression systems must remain both innovative and accountable. This
requires collaboration between designers, data scientists, ethicists, and players
themselves to ensure that progression mechanics serve diverse audiences, respect user
autonomy, and foster meaningful engagement.

In summary, progression is not merely a structural element. It is a dynamic, mul-
tidimensional tool for shaping how players grow, both within and beyond the game
world. Thoughtfully designed progression systems, especially those augmented by Al,
have the potential to create not just better games, but better human experiences.
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Appendix A: Methodology for SWOT Analyses

The SWOT analyses shown in this chapter were developed using a structured
qualitative method designed to ensure practical relevance. The process combined
expert input, targeted literature review, and comparative game analysis to derive a
balanced set of evaluations for each progression system. They had the following four
steps:

* Step #1: For each progression type, 3-5 influential or genre-defining games
were selected as reference points. The selection prioritized titles that are widely
recognized in the academic literature, have detailed postmortems or developer
insights available (e.g., through GDC talks), and exhibit progression systems
representative of their category.

* Step #2: Academic sources were consulted to identify theoretical advantages and
drawbacks associated with each progression system. These included:

* Game studies literature on player motivation and engagement (e.g., SDT, Flow
Theory)

* Technical design texts (e.g., Game Analytics, Al, and Games)
* Empirical studies and player behavior analyses

* Step #3: For each progression type, results from the literature and game exam-
ples were categorized into:
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* Strengths: Elements that increase player engagement, satisfaction, or retention
* Weaknesses: Limitations that may reduce accessibility, depth, or balance
* Opportunities: Design possibilities for future innovation or genre expansion

* Threats: External or internal risks, including monetization pitfalls or design
complexity

* Each table was reviewed for balance to avoid overgeneralization and ensure that
SWOT entries reflected diverse player experiences and use cases.

Step #4: After the initial tables were drafted, they were refined through internal
peer feedback during the manuscript preparation. Adjustments were made to avoid
overlap, sharpen definitions, and align terminology with current discourse in game
design scholarship. This structured approach ensures that the SWOT analyses serve as
both a pedagogical tool for taxonomy and a practical guide for game development and
evaluation.

Appendix B: Game titles referenced by progression type

The following list includes the primary games analyzed to support the taxonomy
and SWOT analyses in this chapter. Titles were selected based on their influence
within their genre, innovative use of progression mechanics, and availability of
developer commentary or academic discussion. Each game demonstrates the core
characteristics of one or more progression types. This list is not exhaustive but reflects
the core examples used to illustrate the variety and complexity of progression systems
analyzed throughout the chapter.

* Skill-based progression: Celeste (2018), Dark Souls (2011), Super Meat Boy
(2010), Street Fighter II (1991), Counter-Strike: Global Offensive (2012).

* XP-based progression: Final Fantasy series (1987-present), Pokémon series
(1996-present), World of Warcraft (2004), Tom Clancy’s The Division (2016)

* Item-based progression: Diablo II (2000), Monster Hunter: World (2018), The
Legend of Zelda: Breath of the Wild (2017), Borderlands 2 (2012)

* Narrative progression: The Witcher 3: Wild Hunt (2015), Life is Strange (2015),
Detroit: Become Human (2018), Mass Effect series (2007-2012)

* Social progression: League of Legends (2009), EVE Online (2003), Call of Duty:
Warzone (2020), Fortnite (2017)

 Hybrid progression: Destiny 2 (2017), Elden Ring (2022), Final Fantasy VII
Remake (2020), The Witcher 3: Wild Hunt (2015)
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Chapter 3

Crafting Virtual Characters
for Games: A Player-Centered
Approach

Remi Poivet

Abstract

This chapter investigates how player experience is influenced by virtual charac-
ters. Virtual characters in video games include both player avatars and non-player
characters (NPCs). These two types serve distinct functions in shaping gameplay
and narrative engagement. Avatars represent the player’s embodiment within the
virtual environment, while NPCs act as social agents that populate and structure that
environment. Both are essential for creating believable, emotional, and engaging
game experiences. The first section focuses on avatars. It compares predefined and
customizable forms, examining how each influences player identification, which
refers to the psychological connection between player and character. It also explores
how avatars affect social representation, inclusion, and emotional engagement. The
second section addresses NPCs and their role in shaping player experience. It explains
how visual design influences player expectations and how behavior shapes percep-
tions of intelligence, coherence, and credibility. This section also discusses how recent
developments in artificial intelligence are enabling more adaptive and expressive NPC
behavior. The chapter concludes by analyzing the relationship between avatars and
NPCs. It outlines how their roles differ while contributing to the overall experience. It
ends with practical recommendations for researchers and designers who aim to align
character design with player psychology and expectations.

Keywords: virtual character, psychology, user research, game design, avatar, NPC

1. Introduction

This chapter discusses the challenges video game developers face when creating
virtual characters that are appealing and engaging. It focuses on two main types
of virtual characters: avatars, which are controlled by the player, and non-player
characters (NPCs), which are controlled by the game. While avatars and NPCs differ
in their functions, both are essential to how players interact with and emotionally
invest in the game environment [1]. Conversely to characters in other media, virtual
characters in video games respond to player input, translating their intention into the
virtual environment [2]. This dynamic, where virtual characters adapt to and reflect
the player’ intention and decisions, is crucial to shaping emotions, immersion, and
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decision-making in games [3, 4]. Therefore, considering players’ minds during the
creative process benefits virtual characters’ design.

Historically, technological and game design advancements have driven the
evolution of avatar design. Early arcade games like Pong (1972) and Space Invaders
(1978) featured avatars that were simple shapes, designed to represent players in the
virtual environment instead of conveying narrative meaning [2]. Super Mario Bros.
(1985) marked a significant advancement by introducing Mario, a fully animated,
anthropomorphic avatar. Mario could run, jump, and transform through power-ups,
offering a more dynamic and immersive experience [3]. Mario’s introduction marked
a significant shift from the static characters of earlier games like Space Invaders. His
movement, influenced by gravity and momentum, provided players with a greater
degree of control. His animations and consistent visual identity helped establish an
emotional connection between the player and the character [2]. As 3D technology
developed, avatars became more detailed and played more significant narrative
roles. Characters like Solid Snake in Metal Gear Solid (1998) navigated 3D spaces and
appeared in cinematic sequences that revealed their thoughts, feelings, and social
context [5]. This shift from 2D to 3D design marked a significant change in avatar
development, turning them from basic gameplay tools into complex, psychologically
engaging figures. From 2010 to 2020, avatars became more customizable, appearing
as virtual representations of players in open-world role playing games (RPGs) or fully
voiced protagonists in narrative-driven games like The Last of Us Part I (2020). As
avatars grew more complex, so did player expectations. Visual fidelity and responsive
controls were no longer enough. Players began to expect emotional depth, consistent
personality, and alignment with the game’s narrative and thematic tone [4, 6, 7].

On the other hand, virtual characters controlled by the game, referred to as NPCs,
have also evolved significantly over time. Early examples, like the ghosts in Pac-Man
(1980), followed simple, scripted behaviors that provided challenges but lacked
narrative depth. By the late 1990s, games like Ultima V (1988) and Half-Life (1998)
introduced NPCs with daily schedules and reactive dialog to provide a richer game
experience [5]. Today, NPCs can serve as dynamic companions, such as Atreus in God
of War (2018), emotional anchors like Clementine in The Walking Dead (2012), or
complex agents with memory and autonomy, like the villagers in Animal Crossing:
New Horizons (2020). Some NPCs, such as those in Middle-earth: Shadow of Mordor
(2014) or The Elder Scrolls V: Skyrim (2011), use advanced systems like the Nemesis
mechanic or Radiant Al to create the illusion of individual agency and long-term
relationships with the player [7]. Hence, designing these characters requires more
than programming behavior or writing dialog. It requires understanding how play-
ers interpret NPC actions and infer traits like intelligence, loyalty, or empathy from
subtle cues in behavior, animation, and pacing [2]. Poorly designed NPCs can break
immersion and frustrate players, while well-designed ones can foster empathy, sup-
port player agency, and enhance the narrative [4].

Both NPCs and avatars are developed with similar consideration during game
production. The two virtual characters contribute to creating a believable and,
therefore, immersive game experience. Their design involves technical, narrative,
and psychological challenges. As players engage with characters, they bring their
own cognitive schemas, social expectations, and heuristics into the game world.
Consequently, it influences how players interpret characters’ appearance and behav-
ior, which shapes their evaluation of a character’s believability and emotional depth.
Therefore, understanding how players interpret virtual characters is essential. This
chapter is organized into two main sections. First, we examine avatars as embodied
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virtual characters, focusing on how they transcend gameplay functions to become
anchors of identity and psychological engagement. We analyze their role in shap-
ing player experiences, with an emphasis on body, gender, and representation. The
second section explores NPCs, tracing their evolution from simple, scripted entities
to social agents. We analyze how NPC appearance impacts player perception, how
behavior affects believability and player expectations, and how recent advances in
Al are making NPCs more dynamic and conversational. Throughout, we explore the
psychological dimensions of character design and how avatars and NPCs shape the
overall player experience.

2. Avatars as embodied virtual characters: Identity, representation,
and player psychology

In modern video games, the avatar is more than a tool for connecting the player to
the system. It is an embodied figure where identity, narrative, and agency converge.
As players navigate rich virtual environments, their avatars act as psychological,
cultural, and narrative anchors. These avatars shape how players interact and how
they perceive themselves within the game space [3]. Whether predefined by devel-
opers or sculpted through player-driven customization systems, avatars embody
social cues and affordances that influence player identification, self-perception, and
behavior [8]. Far from being neutral or interchangeable, these virtual characters
convey symbolic meaning. They invite players to project, perform, or contest facets of
identity through the act of play [9].

This section explores the psychological and experiential dimensions of avatar
embodiment. It begins with the player’s avatar as an anchor of narrative empathy and
self-representation, then examines its visual and symbolic features, including body,
gender, and race. Finally, it discusses how these design choices reflect and reproduce
broader cultural logics [10]. Through this lens, avatars are seen both as virtual charac-
ters and as deeply meaningful figures within the interactive grammar of games [7].

2.1 Avatar: A tool for identification

In video game design, avatars are not just tools for interaction but also virtual
characters through which players project, experiment with, or even transform aspects
of their identity. The extent to which players identify with their avatars emotionally,
cognitively, or behaviorally varies depending on whether the avatar is predefined or
fully customizable. Predefined avatars, such as Mario in Super Mario Bros. or Nathan
Drake in the Uncharted series, are characters with fixed appearances, personalities,
and narrative arcs. These avatars are integrated into the game’s storytelling and aim
to deliver a narrative experience similar to film or television. In these cases, player
identification is primarily narrative-based. Players engage empathically with the
avatar’s emotions and motivations but do not perceive the character as a reflection
of themselves. Instead, the avatar becomes a parasocial figure, a character the player
forms an attachment to, much like a protagonist in a novel [11].

By contrast, fully customizable avatars, such as those in Skyrim, The Sims series,
or Elden Ring (2022), allow players to control physical appearance, gender, race,
clothing, voice, and sometimes moral alignment or personality traits. This level of
personalization turns the avatar into a self-representational agent, blurring the line
between the player and the character. Customization strengthens identification by
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activating both similarity identification and wishful identification [12]. In other
words, players either create avatars that resemble themselves or idealized versions
of who they wish to be. Customizable avatars tend to elicit greater self-investment.
Players spend more time crafting a character that reflects their identity or aspira-
tions [13, 14]. This investment increases immersion, making the game environment
feel more like an extension of the player’s self. However, the trade-offs between
predefined and customizable avatars are not merely about control versus constraint.
Predefined avatars offer narrative coherence and depth, often enabling rich charac-
ter arcs, emotional pacing, and thematic consistency. Customizable avatars, while
empowering for self-expression, often lack the predefined narrative depth necessary
for emotional storytelling. This limitation can be overcome when games integrate
emergent or player-driven narrative structures, as seen in Skyrim and Cyberpunk
2077 (2020), where the player’s choices influence their avatar’s appearance and the
narrative.

The choice between predefined and fully customizable avatars can lead to
potential ludonarrative dissonance. Hocking [15] defines this as a conflict between a
game’s narrative (story and characterization) and its gameplay (actions performed by
players). Ludonarrative dissonance occurs when the ludic elements, such as gameplay
sequences and narrative structures, fail to align, disrupting immersion and player
identification [16, 17]. In Uncharted games, players are encouraged to empathize with
Nathan Drake as a witty and morally complex hero. However, in gameplay, he casually
dispatches hundreds of enemies, creating a gap between Drake’s portrayal in narrative
cutscenes and his behavior in gameplay. This mismatch can weaken identification
with the character [18]. From a psychological perspective, ludonarrative dissonance
introduces cognitive dissonance in the player-avatar relationship. The player may
think, “I wouldn’t have done that” during a cutscene when the character’ actions
seem inconsistent with the player’s own values or prior actions. If the narrative paints
the protagonist as compassionate but the gameplay necessitates brutality, this incon-
sistency can break the illusion of unity between the player and the character [19].

The result is emersion, the opposite of immersion, which reduces emotional engage-
ment and pulls the player out of the experience. However, not all games suffer from
ludonarrative dissonance. Recent titles such as God of War: Ragnarék (2022) align
the protagonist’s personal growth with the game mechanics, encouraging restraint
and emotional depth in both narrative and action. In Ragnardk, Kratos’s evolving
emotional stance is reflected in systems that reward defensive timing over aggres-
sion, contextualize rage abilities within moral tension, and emphasize cooperative
mechanics with Atreus that foster care and mentorship. This alignment reinforces the
narrative arc and enhances ludonarrative harmony, maintaining player agency while
deepening the emotional experience.

In summary, customizable and predefined avatars offer distinct possibilities for
player identification. Custom avatars encourage projection and embodiment, allow-
ing players to express or explore facets of their identity, while predefined avatars
foster empathy through strong narrative design and character development. The
psychological impact of each approach depends on the avatar’s design and on how
gameplay mechanics and narrative context are aligned. When this alignment is coher-
ent, both types of avatars can facilitate deep emotional engagement and identifica-
tion. When misaligned, dissonance may emerge and disrupt immersion. Yet beyond
structural and narrative factors, avatar design also exerts a subtler, often unconscious,
influence on player behavior and self-perception. How an avatar looks, its body
type, gender, and racial markers can shape how players act, feel, and see themselves
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in-game and beyond. This psychological dynamic is encapsulated in what has come to
be known as the Proteus Effect, which forms the foundation of the following section.

2.2 Body, gender, and representation

While player identification is enabled by structural elements such as customiza-
tion and narrative framing, it is equally influenced by the features of the avatar itself,
specifically its body type, gender, racial traits, and other visual cues. These embod-
ied dimensions are not merely aesthetic choices. They carry social, cultural, and
psychological values, shaping how players relate to themselves and others in virtual
environments. Avatars are never neutral; their appearance conveys implicit norms
about beauty, power, and desirability, often reflecting societal standards of race,
gender, and class [9]. It can also influence how players perceive their own agency,
competence, and identity in the virtual environment. In this section, we explore how
the visual representation of the avatar, including its gendered, racialized, and physical
traits, can affect player behavior, self-perception, and social attitudes, often in subtle
but measurable ways. Central to this discussion is the Proteus Effect, a phenomenon
that reveals how avatar embodiment can shape player psychology and behavior, even
beyond the boundaries of the game [20]. Through this lens, we consider how both
predefined and customizable avatars affect not just the characters players control but
also how they perceive themselves.

2.2.1 The Proteus Effect and avatar influence

Coined by Yee and Bailenson [20], the Proteus Effect refers to the tendency of
individuals in virtual environments to conform to the behavioral and psychological
traits associated with their avatars. In their initial experiment, participants assigned
to taller or more conventionally attractive avatars displayed greater confidence
in negotiation tasks, both virtually and in subsequent face-to-face settings. This
demonstrated that embodying a virtual self can influence real-world attitudes and
behaviors.

This effect has since been replicated and extended across different identity
dimensions. For instance, Fox et al. [21] showed that women using hypersexualized
avatars in VR environments experienced increased self-objectification and body dis-
satisfaction. When avatars were customized to resemble the participants’ own faces,
it altered their body images outside of the virtual environment. Peck et al. [22] found
that white participants embodying Black avatars in VR exhibited lower implicit racial
bias during and after the experiments, suggesting that avatar embodiment can alter
both self-perception and social attitudes. Outside of VR, Ratan et al. [23] explored
how avatars’ resemblance to players affects their gaming experience using Nintendo
Mii characters. Participants played a tennis game in Wii Sports (2006), either with a
self-created Mii that resembled them or a generic, pre-made Mii. To assess the cogni-
tive load, participants were intermittently prompted to solve simple verbal math and
word problems during gameplay. The study introduced two self-awareness condi-
tions. In the virtual self-awareness condition, participants were told they were being
recorded only within the game environment. In the real self-awareness condition,
they were told they were recorded both in-game and in the physical room. Results
showed that real self-awareness negatively affected performance, with participants
demonstrating lower scores in both gameplay and cognitive tasks. This effect was
likely due to increased self-consciousness and divided attention. However, this decline
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was mitigated for participants using self-created avatars. Across both conditions,
they showed higher performance in the tennis game and in the cognitive tasks. This
suggests that identifying with an avatar resembling oneself can foster greater engage-
ment and reduce the cognitive demands of multitasking. These findings underline the
potential of avatar customization in enhancing emotional involvement and facilitat-
ing cognitive processing during gameplay. Similarly, Li et al. [24] studied the Proteus
Effect in the context of physical performance. In their experiment, overweight
children were randomly assigned to play Wii Fit (2007) using either a normal-weight
avatar, an overweight avatar, or a normal-weight avatar preceded by a stereotype
threat related to obesity. This prime consisted of exposure to negative media messages
about overweight individuals, subtly activating concerns about confirming weight-
based stereotypes. The children then participated in a game task involving aerobic
activity, and their game performance, motivation to exercise, and attitudes toward
physical activity were measured. Those who used normal-weight avatars, without
exposure to stereotype cues, demonstrated higher motivation, more positive atti-
tudes, and significantly better performance outcomes than the other groups. These
effects were attributed in part to wishful identification, as the children were more
likely to engage in effortful behavior when embodying idealized avatars that reflected
their aspirational self-image. This highlights the motivational power of customizable
avatars in shaping in-game performance and real-world attitudes. Collectively, these
studies show that the visual and symbolic traits of avatars, especially when aligned
with self-perception, can influence more than just identification. They shape emo-
tion, empathy, motivation, and performance.

2.2.2 Body and gender in avatar design

Avatar body type and gender representation are among the most visible and con-
tested aspects of avatar identity. In many games, male avatars are still often portrayed
as muscular, assertive, and dominant, while female avatars are frequently sexualized
or designed for visual appeal. For instance, in the Tomb Raider series, the protagonist
Lara Croft was initially depicted with exaggerated physical features, emphasizing her
sexuality. However, the character has evolved to present a more realistic and empow-
ered image, reflecting a shift in the industry’s approach to female representation [25].
Despite this evolution, many portrayals in games still reinforce narrow, hegemonic
norms about gender and desirability, which may alienate players whose real-life
identities do not align with these archetypes. In contrast, games that enable broader
customization of gender identity, body shape, and presentation provide richer
opportunities for self-expression and identity affirmation. The Sims 4 (2014), for
instance, allows players to mix and match gender attributes independently of assigned
sex, including voice pitch, clothing preferences, and whether a character can become
pregnant. Cyberpunk 2077 broke from traditional RPG conventions by detaching
gender labels from body type and voice settings. However, it was also critiqued for
limited body diversity and a lack of authentic non-Western representations, demon-
strating that increased customization does not always equate to meaningful inclusion.

Research has underlined the psychological and experiential stakes of these design
choices. Han and Ho [26] investigated how players engage with avatar customization
systems as a means of exploring and expressing gender identity. Through semi-struc-
tured interviews with 20 participants of diverse gender backgrounds, the researchers
identified three key functions of avatar design: navigating and negotiating gender
norms, symbolizing self-identity, and enabling safe gender experimentation. Their
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findings suggest that even within systems constrained by binary options, players find
creative ways to embody a range of identities. These insights highlight the potential
of avatar customization as both a technical feature and a psychologically meaningful
tool for identity work. Further supporting this view, Morgan et al. [27] conducted a
mixed-method study to explore how transgender and gender-diverse (TGD) young
people use avatars in video games to explore and affirm their gender identities.
Drawing on focus groups with TGD participants, the study found that avatar custom-
ization features, such as body shape, pronouns, clothing, and voice, played a central
role in supporting emotional safety and identity expression. Participants reported
greater enjoyment and comfort in games that allowed flexible representation, while
restrictive or binary systems were associated with feelings of exclusion and dysphoria.
These findings underline the importance of inclusive customization tools in promot-
ing psychological well-being and self-affirmation.

These examples highlight a central tension in avatar design: while customization
offers freedom, the constraints of design (i.e., what is made available or excluded)
shape the range of identities players can express. When players are able to create ava-
tars that reflect their lived or aspirational identities, particularly non-binary, queer,
or gender-diverse avatars, they often report stronger identification, higher emotional
safety, and more positive gaming experiences [9, 28]. Conversely, when customization
tools reinforce normative aesthetics or exclude marginalized identities, they can lead
to alienation, misrepresentation, or erasure.

2.2.3 Race, intersectionality, and cultural framing

These dynamics of inclusion and exclusion become more complex when consider-
ing race, ethnicity, and their intersections with other identity dimensions. While
gender customization has made notable advancements, recent industry efforts have
also started to focus on race and cultural identity. This shift is prompting a broader
rethinking of how avatar design can better reflect diverse player experiences.
However, many games still follow longstanding defaults in character representation,
often centering white, male avatars as the normative baseline. As Nakamura [29] has
argued, virtual characters are not neutral; they are coded constructs that reflect and
reinforce societal structures of racial power and inequality. This is especially evident
in role-playing games and fantasy titles, where darker skin tones are frequently linked
to “tribal” or “monstrous” races. These portrayals reinforce associations of nonwhite
bodies with exoticism or savagery. These aesthetic codes, though rarely explicit, are
deeply embedded in design logic and continue to marginalize certain identities.

Even when customization options appear more inclusive, the underlying issue
continues in more subtle ways. Leonard [30] coined the term “cosmetic diversity” to
describe avatar options that provide superficial modifications, such as skin tone, but
do not include corresponding facial features, hairstyles, or cultural markers. These
missing elements prevent players of color from fully identifying with their avatars.
This issue remains visible in contemporary titles like Elden Ring, which offers a
wide range of skin tones in its character creator but provides a limited selection of
hairstyles that predominantly reflect Eurocentric styles (see Figure 1). The absence of
textured or Afro hair types exemplifies how certain identities are still not fully envi-
sioned within the framework of character creation, even when representation appears
to have advanced. Research into players’ experiences confirms how these omissions
impact identity expression. In a qualitative study of Australian gamers from diverse
racial, gender, and sexual backgrounds, Phillips [31] describes how participants
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Figure 1.
Limited vepresentation of non-Eurocentric hairstyles in Elden Ring’s avatar customization system.

reported not only aesthetic disappointments but also emotionally dissonant moments
of erasure. Although individual identity traits might be available, their inability to be
meaningfully combined often signals to players that some identities are not meant to
coexist in the game’s imagined world. This highlights one limit: customization systems
claim to offer the freedom to “be anyone,” yet they are constrained by what the system
can visually and narratively support.

Intersectionality, as a design principle, remains largely underdeveloped in most
games. While individual aspects of identity, such as race, gender, and body type,
may now be available in character editors, the combinatory logic often privileges
normative pairings. For example, feminine-coded avatars may be restricted to slim
body types, or darker skin tones may not be accompanied by culturally appropriate
features. These constraints are not merely technical oversights; they reflect deeper
normative assumptions about which bodies are imagined as viable within game
worlds. The illusion of freedom becomes apparent in such design choices, where
the ability to express multifaceted identities is compromised by a default logic still
anchored in whiteness, thinness, and heteronormativity. These dynamics make it
especially important to examine how intentional representation can work differently.
In Deathloop (2021), the decision to center two Black protagonists, Colt and Julianna,
was not limited to skin tone or voice acting but extended to the narrative structure
and characterization itself. This kind of design choice stands in contrast to cosmetic
inclusion, signaling a shift toward more integrated and meaningful representation.
Jarrell and Peillard [32] provides support for the value of such representation: in their
study, participants played a short 2D game where they embodied avatars coded with
marginalized, intersectional identities, including Black women. After gameplay, those
participants were significantly less likely to exhibit racial or gender bias when evaluat-
ing a fictional job candidate. The researchers concluded that even brief interactions
with diverse avatars can interrupt implicit biases and reshape social perception.

Representation in games has effects beyond visual recognition; it can reshape
affective and cognitive orientations toward real-world others. When characters like
Colt or Julianna are not just present but are well-developed and emotionally complex,
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they offer players more than diversity in the display. They provide opportuni-

ties for perspective-taking, identification, and potential shifts in empathy. In this
regard, Deathloop reflects a design trend and exemplifies the kind of narrative and
psychological engagement that research identifies as essential for dismantling bias.
However, the fact that such gains remain the exception rather than the norm reflects
an ongoing tension in game development between market-driven diversity and
structural transformation. As Ruberg and Shaw [33] has argued, representation in
games often begins and ends with visibility. Surface-level diversity, without changes
to how characters function narratively, mechanically, or relationally, risks reinforcing
existing hierarchies under the guise of inclusion. For true intersectional design, it is
not enough to simply offer a wide array of identity traits; these traits must also shape
the avatar’s experience in the game environment. This includes influencing dialog,
interactions, and gameplay mechanics, ensuring that representation is not just visible
but meaningfully integrated into the game experience. This deeper form of inclusion
is what Gray [34] documents in their ethnographic research on Black gamers. Many
of these gamers engage with games critically and creatively. They push back against
marginalizing structures by constructing their own forms of identity, performance,
and community. Their work shifts the focus from developers to players. It highlights
the ways in which marginalized communities create counter-narratives and affirming
play practices in response to structural erasure.

The discussion of race, intersectionality, and cultural framing in avatar design
reveals that inclusion in video games remains as much about structure as it is about
visibility. While some titles acknowledge diversity, the continued presence of nor-
mative design defaults, coupled with limited support for intersecting identities,
indicates that achieving true representational equity demands both aesthetic variation
and systemic change. It is only through a more intersectional and culturally aware
approach that avatar design can begin to reflect the full spectrum of player identities.
The design choice between predefined and fully customizable avatars has significant
consequences for how players engage emotionally, cognitively, and behaviorally with
their digital counterparts. Fully customizable avatars invite projection and person-
alization, encouraging players to craft identities that resonate with who they are or
who they wish to become. Studies on the Proteus Effect [20] have shown that these
self-representations can influence player behavior and self-perception, subtly reshap-
ing how individuals act within and beyond the game space. Conversely, predefined
avatars offer curated, narratively rich experiences, where the player is invited not to
embody the character but to empathize with them. While this can support deep emo-
tional engagement, it can also lead to ludonarrative dissonance when the gameplay
mechanics contradict the character’s portrayed identity. In Uncharted, for example,
the disjunction between Nathan Drake’s charming vulnerability in cutscenes and his
relentless violence during gameplay may weaken the player’s identification, creating
cognitive friction. However, when narrative and gameplay align, as seen in God of
War: Ragnardk, where Kratos’s emotional growth is mirrored in evolving combat
systems and cooperative play, the result is a powerful sense of ludonarrative harmony.
More than just a medium for play, the avatar stands at the heart of identification, pro-
jection, and meaning-making. Yet, this process of player engagement does not occur
in isolation. It unfolds in an environment populated by other agents; some scripted,
some reactive, and some emotionally expressive. To understand the full scope of how
players experience virtual characters in games, we must now turn to those others:
the non-player characters whose design, behavior, and presence shape how players
interpret, navigate, and emotionally invest in virtual environments.
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3. Non-player characters: From scripted props to social agents

NPCs have evolved from scripted virtual characters into dynamic agents that play
a crucial role in the player’s experience. In contemporary video games, NPCs do more
than populate the environment. They contribute to world-building, drive narrative
progression, serve as emotional and social mirrors to the player’s journey, and even
function as gameplay mechanics, as seen in the Shin Megami Tensei: Persona series.
Their design, which includes appearance, behavior, and interactivity, significantly
influences how players perceive the game environment and their place within it.
NPCs, unlike avatars controlled by the player, are perceived as external entities whose
roles and functions are determined through observation. Players do not inhabit NPCs
but encounter them in a context where meaning arises from what they do, how they
behave, and how they fit within the game’ narrative and gameplay structure. These
functions, whether narrative, mechanical, or social, shape how players interpret and
emotionally engage with NPCs. An NPC’ role as a mentor, threat, companion, or
bystander shapes player expectations and guides their attention and behavior. For this
reason, clarity and coherence in role-function signaling are essential to maintaining
immersion. Designing NPCs is a distinct challenge from designing avatars. Avatars
should enable identification and agency, while NPCs need to facilitate recognition,
interpretation, and interaction. Their success depends on how convincingly they ful-
fill their role, how understandable their behavior is, and how consistent they appear
within the logic of the game world. Poorly designed NPCs can disrupt immersion,
confuse the player, or break narrative continuity. By contrast, well-conceived NPCs
enrich the player experience by reinforcing the believability of the game environ-
ment, providing emotional depth, and supporting meaningful gameplay interactions.

This section explores the psychological and experiential dimensions of NPC
design by focusing on two key design parameters: appearance and behavior. First, it
examines how visual features influence players’ immediate perceptions, expectations,
and judgments of NPCs. Then, it analyzes how behavioral patterns, from scripted
routines to advanced Al systems, shape believability, emotional engagement, and
social interpretation. Finally, it considers how recent innovations in artificial intel-
ligence are expanding the expressive range of NPCs, particularly through human-like
nonverbal and verbal interactions.

3.1 NPCs visual design: Appearance and perception

In complex, densely populated virtual environments, players must continu-
ally discern which NPCs warrant attention and which serve merely as atmospheric
background. Players often rely on mental models and stereotypes to form initial
expectations and judgments about NPCs [35]. These cognitive frameworks, shaped by
prior experiences and cultural conditioning, allow players to quickly categorize char-
acters based on visual and contextual cues. The visual design of NPCs, such as their
appearance, attire, and posture, activates these existing mental models, influencing
players’ expectations about their behaviors and roles within the game. This process
allows players to allocate attention more efficiently and navigate the environment
with greater fluency. However, these mental shortcuts can also perpetuate biases and
reinforce stereotypes if not thoughtfully designed.

Warpefelt [35] conducted an experiment to investigate players’ expectations of
NPCs based on their appearance. Participants were shown static images of NPCs from
various game genres and asked to assign each character a likely social function, such
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as merchant, guard, or antagonist, along with a rationale for their choice. Participants
relied on visual attributes, such as apparel, facial expression, and body posture, to
make these judgments. The results revealed a strong match between design intention
and player expectation, emphasizing the role of visual-role congruence in support-
ing intuitive gameplay. When appearance and function align, players require less
trial-and-error interaction, and the virtual environment becomes more legible as a
social system. Additionally, Rogers et al. [36] proposed a framework to design NPCs’
appearance, focusing on narrative roles such as mentor, companion, and enemy.
Their study demonstrated that players can accurately identify these roles based on
visual cues, highlighting the effectiveness of stereotypical visual design in conveying
character function. However, the same perceptual shortcuts that support efficiency
can also convey bias. Pradantyo et al. [37] explored how visual features, including
body type, skin tone, and clothing, affect player evaluations of NPCs. Using a within-
subjects design, participants were exposed to the appearance of multiple video game
antagonists and then asked to evaluate each one using a morality questionnaire and
to indicate which features influenced their ratings. The findings revealed significant
stereotype-driven effects: age, skin color, skin conditions, and even tattoos were
disproportionately perceived as markers of immorality or untrustworthiness, even
in the absence of behavioral or narrative context. These results demonstrate that
players bring culturally learned heuristics and biases into gameplay, meaning that
visual design choices can unintentionally reinforce real-world stereotypes in virtual
contexts. In a study by de Freitas et al. [38], players assessed how features from virtual
characters’ appearance influenced their perceptions in an interactive narrative game.
Participants evaluated characters based on traits such as temper, clothing, and behav-
ior. The study revealed that visual elements, like being well or poorly dressed, signifi-
cantly influenced participants’ perceptions of honesty and kindness. This underlines
the importance of aligning character appearance with intended narrative roles to
guide player judgments. In games, players are predisposed to form rapid judgments
based on minimal visual input, a process that persists in virtual spaces, where interac-
tion decisions must often be made instantly. These impression-forming mechanisms
are shaped by the character’s visual features as well as environmental cues, camera
framing, and genre conventions [39, 40]. When an NPC’ appearance matches its
intended narrative or ludic function, such as a healer wearing robes surrounded by
potions, players experience perceptual ease and narrative coherence. Conversely, a
gap between appearance and function can create friction, momentarily interrupting
immersion or producing hesitation.

Examples from open-world games illustrate the necessity of these design choices.
In Assassin’s Creed Unity (2014), densely populated historical settings contribute to
visual richness, yet the abundance of visually similar NPCs dilutes the player’s ability
to intuit who can be interacted with (see Figure 2). This often requires reliance on
interface prompts, which can disrupt immersion. In contrast, games like Skyrim and
The Witcher 3 (2015) utilize a combination of attire, posture, and spatial anchoring
to signal the importance of NPCs, facilitating a more seamless interpretive process.
Guards stand in formation with weapons drawn, traders occupy well-marked stalls,
and quest-givers adopt distinctive idle animations, all of which reinforce their
gameplay roles. The visual design of NPCs works as a semiotic system that helps
players interpret and act within the game environment. It provides immediate,
surface-level cues about social function, emotional valence, and gameplay relevance.
When thoughtfully constructed, this system enhances immersion and navigational
efficiency. However, when visual tropes reflect unexamined stereotypes or when
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Figure 2.
Navigating dense NPC crowds in Assassin’s Creed Unity.

role-signaling is ambiguous, player understanding may falter or, worse, reinforce
real-world biases. For this reason, appearance should be regarded as a tool of clarity,
as well as a site of ethical and narrative responsibility.

3.2 NPCs’ behavior: Believability, perceived intelligence, and emotion
3.2.1 Foundations of NPC behavior in video games

Early advancements in NPC behavior in video games primarily focused on
improving player-NPC interactions, with a particular emphasis on enemy Al. Finite
State Machines (FSMs) were among the first formal methods used to model NPC
behaviors by defining discrete states and transitions triggered by player actions or
game events. This approach laid the groundwork for more complex systems like
behavior trees, which gained prominence in games such as Halo 2 (2004). Behavior
trees organize NPC decision-making hierarchically, allowing for modular, flex-
ible, and reusable behavior sequences that enhance the illusion of intelligence by
making enemies appear more reactive and adaptive to player tactics. Building on
this, the game F.E.A.R. (2005) introduced a significant technological breakthrough
with Goal-Oriented Action Planning (GOAP). Unlike FSMs or behavior trees that
rely on predefined states or sequences, GOAP enables NPCs to dynamically select
actions based on changing tactical goals, such as taking cover, flanking, or forcing
player movement with grenades. This adaptive decision-making allowed enemies to
respond adequately or unpredictably to player behavior, creating a heightened sense
of challenge, emotional engagement, and illusion of intelligence. While these early
systems improved the quality of player-NPC interaction, NPC behaviors also needed
to extend beyond direct player influence to sustain immersion within a believable
virtual world. Players do not perceive the underlying Al systems themselves but
experience the resulting sequences of actions. To maintain immersion, these actions
must appear coherent, contextually appropriate, and believable, reflecting an internal
logic that operates independently of the player’s presence. Contemporary game design
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increasingly incorporates environment-oriented behaviors, where NPCs follow rou-
tines and respond to the virtual world around them. For example, in Skyrim, NPCs
engage in daily cycles such as working, eating, and sleeping, contributing to a sense
of embeddedness within a living ecosystem. In Red Dead Redemption 2 (2018), NPCs
respond dynamically to environmental factors like weather and time of day while also
adapting to player actions. These systems fluidly blend scripted routines with reactive
states, supporting the illusion of intelligence and social consistency. By focusing on
environment-driven behavior as well as player interaction, games encourage players
to perceive NPCs not merely as functional components but as believable social agents
inhabiting a coherent and evolving virtual world.

3.2.2 Player perception of NPCs: Believability and intelligence

Two associated dimensions shape how these behaviors are interpreted: believ-
ability and perceived intelligence. According to Poivet [41], building on a conceptual
framework introduced by Gomes [42], believability reflects the alignment between
a player’s expectations and the observed behavior of an NPC. When this alignment
is disrupted, such as when an NPC acts inconsistently with its social role, immer-
sion can suffer. Perceived intelligence, as defined by Bartneck et al. [43], refersto a
user’s evaluation of an artificial agent’s capacity to behave in a manner that appears
competent, adaptive, and contextually appropriate. This includes both the logical
coherence of the artificial agent’s actions and their responsiveness to user input and
environmental conditions. Poivet [41] expands on this definition in video games,
linking perceived intelligence and believability to how players judge NPC behavior.
In a broader context, Bartneck et al. [43] demonstrated that even minimal nonverbal
cues influence how users assess an artificial agent’s intelligence. In their study, robots
that performed simple head or gaze movements were perceived as more competent
and intentional than identical robots without such cues. Moussawi et al. [44] sup-
ported this view by showing that users’ adoption of artificial agents depends strongly
on perceived intelligence and anthropomorphism. Their work highlights that these
attributions are not only based on technical complexity but also on whether the
agent’s behavior aligns meaningfully with users’ expectations.

In video games, players tend to judge NPCs based on expectations shaped by genre
conventions, character appearance, and personal stereotypes. As a result, NPCs may
be perceived as unintelligent not due to a lack of underlying complexity, but because
their behavior fails to align with the internal logic of the game as understood by the
player. When NPCs behave in ways that appear inconsistent with the game world
or unresponsive to player actions, they are often seen as rigid and unconvincing.
Game designers have long worked empirically to enhance the illusion of intelligence
in NPCs. Both technological advancements and design innovations have influenced
how players evaluate NPC intelligence. For instance, Butcher and Griesemer [45]
examined this phenomenon in the development of Halo 2, where enemy behavior
was adjusted through game design parameters to increase perceived challenge. At the
time, players commonly associated intelligence with difficulty and logical behavior.
To test this, developers conducted playtests comparing two versions of the game: one
in which enemies had lower health points and dealt less damage, and another where
enemies had higher health and damage outputs. Participants in the latter condition
consistently rated the enemies as more intelligent. These findings suggest that, within
the context of player expectations at the time, increased difficulty was equated with
greater competence and logic. Thus, the perception of intelligence was effectively
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reinforced through heightened challenge. Building on these insights, Poivet et al. [46]
provided experimental evidence for how design parameter manipulation influences
players’ evaluation of NPCs. In a controlled study, enemy soldiers identical in appear-
ance and weaponry were assigned different behavioral characteristics. Specifically,
the researchers varied two parameters: shooting accuracy and mobility. Despite these
being relatively simple adjustments, the changes led to marked differences in how
players perceived the enemies. NPCs that pursued the player relentlessly, even when it
put them at risk, were rated as more aggressive and hostile. These NPCs also provoked
greater emotional responses, including heightened tension and fear. This study dem-
onstrated that aggressiveness and threat can be effectively conveyed within expected
enemy behavior boundaries without complex Al Minor parameter changes alone can
significantly influence affective engagement and perceived intelligence. Additionally,
games like F.E.A.R. enhanced NPC communication through vocal cues, commonly
called “barks,” which provide players with direct indications of an NPC’s current state
or intent. These context-sensitive vocalizations help players anticipate enemy behav-
ior and create a more immersive and believable experience by making NPCs appear
more aware and reactive within the game world. Maintaining players’ understanding
of why and how an NPC chooses to perform an action is crucial for fostering both
perceived intelligence and believability. When players can infer the intent behind
NPC behaviors and recognize their logic, immersion is strengthened. Moreover, this
transparency can itself become a powerful game mechanic, shaping player experience
and emotional engagement. While perceived intelligence arises from inferred intent
and responsiveness, believability depends primarily on behavioral coherence. As
Poivet [41] notes, behaviors that violate visual or narrative expectations can disrupt
immersion. However, not all such violations harm believability. In some cases, they
support genre-specific goals. For instance, in Ready or Not (2023), a tactical SWAT-
style shooter, an NPC with a civilian appearance may suddenly switch from passive

to aggressive behavior. Although this violates conventional expectations of alignment
between visual cues and roles, it reinforces the game’s focus on tactical uncertainty.
Within this context, unpredictability is not a flaw, but a mechanism designed to
simulate the psychological stress of real-life interventions. The tension created by
inconsistent behavioral signals enhances immersion, precisely because it forces play-
ers to stay alert and reevaluate situations dynamically.

3.2.3 Facial animation as emotional communication

Beyond functional actions, facial expressions convey affective and social signals
that are crucial for shaping player interpretation, especially during verbal interac-
tions. Amadou et al. [47] found that the realism of virtual agents’ facial animation,
particularly expressions and speech synchrony, influenced user perceptions of social
presence and realism. Similarly, Fukayama et al. [48] demonstrated that subtle gaze
behavior shapes user impressions and perceptions of attentiveness, reinforcing
engagement during conversations. These kinds of nonverbal behaviors help establish
a sense of presence and emotional depth, activating social heuristics in the player’s
mind. Further support for the impact of such cues comes from Kitsyri et al. [49],
who found that dynamic nonverbal expressions, like facial configuration and head
position, shaped participants’ empathic responses and personality judgments, and
Torre et al. [50], who showed that expressive virtual faces triggered neural responses
similar to those elicited by real human expressions. While these studies were not
conducted within traditional video game environments, their findings align with
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player expectations of believable character interaction in narrative-driven games. A
notable application of this principle is L.A. Noire (2011), which incorporates facial
animation as a central gameplay mechanic. Players are required to observe NPCs’
micro-expressions and subtle facial movements to determine whether they are lying
during interrogations, making expressive realism not just aesthetic but essential for
gameplay progression (see Figure 3). Similarly, Baldur’s Gate 3 (2023) uses facial
motion capture and nuanced dialog animation to support emotionally engaging
interactions. Each major character is rendered with a high degree of facial expression,
allowing players to respond to cues like furrowed brows or averted gazes. Torre et al.
[50] showed that expressive facial speech animation enhances the emotional clarity
of virtual agents. In this context, players interpret NPCs as emotionally coherent
social agents because facial behavior aligns with the narrative tone. Moser et al. [51]
also found that expressive avatar faces increase neural activity in emotion-related
brain areas, enhancing involvement. These findings suggest players may form deeper
emotional connections when visual cues support continuous interpretations of intent
and mood. As aresult, even secondary characters in Baldur’s Gate 3 often appear emo-
tionally complex, reinforcing the perception of intelligence and depth. Ultimately,
facial animation functions as a visual enhancement as well as a crucial mechanism for
narrative immersion and psychological engagement.

NPC behavior is not solely a functional system but also a medium of psychological
interpretation. Players assess virtual characters based on what they do, how and when
they act, and whether those actions align with the game’s narrative logic and interac-
tive context. When behavior is coherent, expressive, and responsive, players are more
inclined to attribute autonomy, emotional depth, and intelligence. When behavior is
inconsistent or misaligned with the NPC’s intended role, even highly detailed charac-
ters may be perceived as artificial or irrelevant. The design challenge lies in achieving
a balance between behavioral complexity and interpretability. Systemically generated
actions must work as intended, be comprehensible to the player, and be meaningful in
the context of the game’s diegetic world. As Poivet [41] argues, creating NPCs that are

% Truth
& Lie

‘s View notebook

INTUITION POINTS

Figure 3.
Facial animation is a core gameplay mechanic in L.A. Noire.

57



From Pixels to Play — The Art and Science of Video Games

perceived as both believable and intelligent requires more than technical sophistica-
tion. It demands an understanding of player expectations and a careful orchestra-
tion of behavior that supports immersion, emotional engagement, and narrative
coherence.

3.3 The Al revolution: Toward conversational and human-like NPCs

Recent advances in artificial intelligence are significantly reshaping how NPCs
are designed and experienced. Moving beyond static, rule-based systems, modern
Al techniques enable NPCs to exhibit context-sensitive, believable behaviors that
enhance narrative depth and gameplay immersion. Two key dimensions: verbal and
nonverbal behaviors, could benefit from these advancements. As discussed in the
previous section, NPC behaviors contribute directly to their overall perceived intel-
ligence and believability. In this section, we examine how cutting-edge Al tools and
methods are enriching these two domains of NPC design.

3.3.1 Verbal behavior and dialog systems

Verbal interaction has seen significant improvements through natural language
processing and generative models, which enable NPCs to engage in dynamic, context-
aware dialog. Unlike traditional dialog trees that constrain player choice, large
language models such as BERT and ChatGPT, in some cases, have shown possibilities
to facilitate free-form interactions that feel responsive and natural. For instance,
recent community-driven projects have demonstrated this potential: in Skyrim, the
Herika mod integrates a language model to enable a companion NPC to engage in
context-aware, spoken conversation; similarly, in Stardew Valley (2016) and Mount
and Blade II: Bannerlord (2008), modders connected NPCs to OpenAl’s API to sup-
port free-form dialog that reacts to player input in more natural and varied ways [52].
Feedback from the distinct game communities has been promising, highlighting the
potential of integrating emotional context into Al dialog to enable NPCs to respond
empathetically and appropriately to player input.

This emphasis on the potential benefits for NPCs to engage naturally with players
is echoed in studies exploring user experiences with conversational agents. In a game
context, the study of Poivet et al. [53] investigated how conversational agent roles
and communication styles shape user experience. In a detective game setting, the
researchers manipulated both the narrative role of the NPC (witness versus suspect)
and their communication style (aggressive versus cooperative). While all conditions
were rated as generally believable due to the fluent natural language, the alignment
between role and style had a strong impact on player perception. Aggressive suspects
were seen as engaging and believable, whereas aggressive witnesses created a sense
of dissonance and irritation. This demonstrates that fluency alone is insufficient:
verbal behavior must be coherent with narrative expectations to support immersion.
The findings highlight that effective verbal Al depends on both language quality and
emotional tone, narrative consistency, and sensitivity to player expectations.

3.3.2 Nonverbal behavior for human-like NPCs

The second axis of advancement focuses on nonverbal behavior, particularly
relevant in competitive and cooperative multiplayer contexts, where NPCs or bots
must perform actions that appear intentional, adaptive, and human-like. Traditional
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state machine AI often falls short of producing player-like movement and decision-
making. In contrast, reinforcement learning and imitation learning allow agents to
learn complex behavior patterns through trial and error or demonstration. Notably,
OpenAl Five showcased how self-play could train bots to master Dota 2 (2013) ata
high level, adapting strategies in real time to match shifting gameplay conditions.
Togelius et al. [54] argues that such adaptive Al can lead to more engaging and
believable interactions, especially in dynamic environments where scripted behaviors
fail to anticipate player creativity. The goal is not just functional competence but
the appearance of situational awareness. This aligns with research demonstrating
that players prefer bots that mimic human variability, including imperfections, over
perfectly optimized, robotic counterparts. These bots are rated as more enjoyable and
fairer, precisely because they feel like real opponents with unique personalities and
strategies [55]. Gran Turismo 7 (2022) further illustrates this trend by using player
data to generate Al “ghost” drivers that replicate individual driving styles, extending
the illusion of presence even when friends are offline. This approach enhances both
competition and immersion. As noted in studies on social presence in virtual agents,
even subtle cues such as appropriate timing, emotional congruence, and turn-taking
can signal social presence and intelligence in virtual agents. These behaviors are
essential to both gameplay mechanics and the creation of emotionally resonant,
human-like characters, which open up new opportunities for game mechanics [56].
Despite these advances, implementing Al in NPC design presents significant
challenges. The technology is often computationally intensive, raising concerns about
energy consumption and scalability. It also requires technical expertise and infra-
structure that may be difficult to integrate into already-strained game production
pipelines. Most critically, Al systems must be meaningfully aligned with game design
goals to enhance rather than disrupt the player experience. However, as described
above, navigating these constraints remains a challenge but a potential future break-
through for the video game industry.

4, Conclusion

This chapter has examined how virtual characters contribute to player experience
through the design of avatars and non-player characters. These characters are embed-
ded in gameplay systems, narrative structures, and cultural contexts. Their impact
depends on both technical implementation and how they align with players’ expecta-
tions, emotions, and interpretations. Avatars function as self-representational agents
shaped by customization, visual embodiment, and narrative framing. Identification
can emerge through resemblance, aspiration, or narrative empathy. NPCs are experi-
enced as external agents whose appearance and behavior guide players’ attributions of
intention, emotion, and social function. When appearance and function are aligned
and behavior is coherent and responsive, players are more likely to perceive NPCs as
believable and intelligent. Advances in artificial intelligence are further expanding
the expressive range of NPCs while also raising challenges for narrative coherence and
player interpretation.

Designing virtual characters requires anticipating how players perceive and
respond to them. User research should be integrated throughout development to
address usability and to investigate how players interpret predefined avatars, form
mental models of NPCs, and emotionally engage with character behavior. This
supports early identification of potential ludonarrative dissonance and helps ensure
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that character behavior aligns with narrative intent. A player-centered approach that
combines psychological theory with iterative testing is essential to creating virtual
characters that are both meaningful and believable. In parallel, virtual characters
shape player experience and offer researchers valuable tools for investigating psy-
chological and social processes. They provide a controlled yet dynamic environment
for studying emotional engagement, the influence of appearance on perception, the
persistence of social stereotypes, and the mechanisms of identification with artificial
agents. Insights from such research can inform design practices and contribute to the
broader understanding of human-computer interaction.

Future research should further explore how players’ individual characteristics,
such as gender, skin color, and cultural background, influence their perceptions and
evaluations of virtual characters, particularly NPCs. While these factors have been
extensively considered in the context of avatar customization and identification, their
role in shaping expectations and interpretations of NPCs remains underexplored.
Investigating these dynamics is essential for fostering inclusive and psychologically
grounded character design. At the same time, emerging technologies are transform-
ing how virtual characters are created and experienced. Generative Al, particularly in
the form of image-based models, enables the creation of highly personalized avatars
that can more accurately reflect players’ identities and support stronger identifica-
tion. These tools offer new possibilities for enhancing diversity and representation,
but their psychological impact and user acceptance require careful study. Advances in
photorealistic rendering, including techniques such as Gaussian splatting, add another
dimension to this evolving landscape. By increasing visual realism, these methods
may significantly influence immersion, emotional engagement, and cognitive
responses to both avatars and NPCs. Games like Detroit: Become Human (2018) and
the Death Stranding series have already shown how the use of real actors’ likenesses
can shape players’ empathy and perceptions. As players begin to control photorealistic
avatars modeled on celebrities or themselves, new research avenues emerge around
topics such as parasocial relationships, social presence, and the boundaries between
fiction and reality. These technological and psychological developments highlight the
need for interdisciplinary approaches that integrate design practice, user research,
and cognitive science. Understanding how players respond to increasingly realistic
and personalized virtual characters will be essential for creating experiences that are
emotionally compelling, socially responsible, and culturally meaningful.
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Chapter 4

Games as a Social-Cultural
Medium: Motivation, Community,
and Disruptive Behavior

Ahmad Azadvar and Qianhui Ni

Abstract

This chapter explores the historical development and academic study of
cross-cultural and social interactions in video games, from early multiplayer arcades
to modern social gaming networks. Theoretical insights from game and media studies
illuminate how video games function as a digital third place, promoting community-
building, social capital, and participatory identity construction. Psychological
perspectives on emotion, motivation, and social influence further explain the power-
ful attraction of interactive gaming environments. Additionally, this chapter critically
analyzes both the positive aspects of community and friendship formation and the
negative dimensions of player toxicity and social stress. Cross-cultural considerations
highlight the similarities and differences in gaming experiences globally, emphasizing
how virtual communities create transnational spaces for interaction and how local
cultures perceive and contribute to the global gaming community. By synthesizing
interdisciplinary research, including prominent theories and empirical studies, this
chapter presents a picture of video games as dynamic social ecosystems.

Keywords: social gaming, cross-cultural interaction, game studies, psychological
aspects of gaming, community dynamics, toxicity, gaming communities

1. Introduction

Video gaming is a global cultural phenomenon. Engaging billions across diverse
societies, games serve not just as entertainment but as a social and cultural medium
reflecting and influencing player values and behaviors. As gaming communities span
countries and cultures, understanding how cultural contexts shape and receive gaming
experiences is vital. This chapter examines the interplay between cultural factors and
social gaming, focusing on psychological impacts and well-being. Exploring cross-
cultural research and theory highlights how cultural norms, values, and structures
influence motivations for play, interactions within communities, and their psychologi-
cal effects. The discussion covers both positive aspects—like identity exploration,
cognitive benefits, and social support—and negative outcomes—including addiction,
stress, and online harassment. This chapter argues that while gaming is universal, its
social and psychological dimensions are deeply embedded in cultural contexts.
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2. History of social interactions in video games

This section traces the evolution of social interaction in video games, from early
local multiplayers to today’s complex, globally connected virtual communities.
Examining the social dynamics of arcades, early home multiplayer, pioneering text-
based virtual societies, and modern online communities reveals the inherent human
drive for connection through play. Understanding this history underscores how video
games consistently function as meaningful social spaces, shaping player identities and
communities. This progression provides a foundation for theoretical frameworks in
game and media studies, explaining the fundamental role of social gaming in contem-
porary digital culture.

2.1 Early multiplayer and arcade era (1970s-1980s)

The social dimension of video gaming began with early multiplayer titles and
the rise of arcades in the 1970s and 1980s. Atari’s Pong [1] established face-to-face
competitive interaction [2]. The late 1970s and early 1980s saw video arcades become
cultural hubs, particularly in North America and Japan [3]. Arcades served as social
spaces where youth congregated, engaged in collective spectating, and participated in
challenges, developing camaraderie and rivalry [4]. This shared experience cultivated
an early gaming subculture with informal rules [5]. Japanese game centers remained
all-ages social spaces beyond the 1980s, contrasting with the decline of Western
arcades as home consoles gained popularity.

Complementing arcades, local home multiplayer emerged with consoles like the
Atari 2600 (1977) and Nintendo Entertainment System (NES) [6], facilitating coop-
erative and competitive gameplay in domestic settings [7]. This “couch multiplayer”
added a social layer to early console gaming, making titles like Super Mario Bros. [8]
and Contra [9] shared pastimes.

Arcades functioned as “third places” for adolescents—public spaces distinct
from home and school facilitating social interaction through play [10, 11]. Despite
moral panics framing arcades negatively [12], research indicates they fostered peer
communities and social skills rather than isolation [13, 14]. Retrospective analyses
highlight arcades’ role in identity formation and social learning [3]. By the late
1980s, gaming, whether in arcades or homes, was clearly understood to have a social
dimension.

2.2 Dial-up and text-based worlds (1980s-1990s)

The late 1980s and early 1990s marked a shift with online multiplayer via dial-
up and text interfaces. Before widespread internet, Bulletin Board Systems (BBSs)
enabled remote communication and rudimentary multiplayer games like TradeWars
2002 [15, 16]. These early online games, despite primitive interfaces, facilitated social
interactions, including alliances and rivalries, blending online and real-life dynam-
ics [16]. Community message boards and chat functions further linked gaming and
social discourse, creating tightly knit local communities.

Concurrently, Multi-User Dungeons (MUDs) introduced persistent virtual worlds
[17]. MUDI1 [18] pioneered real-time text-based interaction in shared environ-
ments. Throughout the 1980s, MUDs proliferated, offering cross-geographic social
interactions through dial-up services. These text worlds, essentially chat rooms with
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gameplay, enabled rich social interactions, role-playing, and identity exploration [14].
Ethnographic studies documented deep friendships and relationships formed through
text, suggesting the interface paradoxically encouraged candid communication [19].
Early MUD communities like MUD1 and LambdaMOO exemplified virtual
societies with complex social dynamics, including friendships, cliques, conflict, and
governance needs [20, 21]. Research showed that social interaction often superseded
gameplay objectives, challenging the view of text worlds as isolating [19]. Users
formed genuine connections rather than pursuing anonymous deception [19]. Intense
social bonds sometimes extended to real life or caused conflict, highlighting the
significance of these communities [20]. Parallel dial-up services like CompuServe and
America Online (AOL) introduced graphical chat and games to a wider audience. By
the late 1990s, millions engaged in online communication and gaming. The pioneer-
ing text-based worlds demonstrated play’s capacity to facilitate community, friend-
ships, and drama, laying the foundation for massively multiplayer online games.

2.3 Massively multiplayer online games (2000s)

The late 1990s and 2000s transformed social gaming with the advent of fully
graphical Massively Multiplayer Online Games (MMOs), building on text-based pre-
decessors to create persistent virtual worlds with vast populations. Titles like Ultima
Online [22], EverQuest [23], and World of Warcraft [24] integrated social interaction
into the core experience, building persistent communities.

In MMOs, players used avatars in open-ended fantasy or sci-fi (science fiction)
worlds that evolved independently of individuals, enabling enduring social roles.
Players formed guilds, built friendships and rivalries, and participated in in-game
economies and cultures. Researchers viewed MMOs as “third places” analogous to
traditional social spaces, used for informal interaction [25]. Studies showed MMOs
functioned as virtual social hubs where players convened and formed bonds, often
citing social context as a primary motivation [25].

Empirical research in the 2000s confirmed the social nature of MMOs. A survey of
over 900 players documented strong friendships and romantic relationships formed
virtually, highlighting camaraderie as a key motivator [26]. Online connections often
extended offline. Many players engaged with preexisting social networks, using
games to reinforce relationships.

Complex social structures emerged within these worlds. Guilds functioned as
social organizations with hierarchies and collaborative goals, encouraging teamwork
and leadership [27]. Persistent worlds with virtual economies and property were
developed, introducing concepts like trade and virtual crime. Economists analyzed
MMO economies, showing the real value of virtual goods and the emergence of trust
systems e.g. [28].

MMOs also affected real-life relationships and support networks. Players found
acceptance and community, especially those marginalized offline. Marriages and
familial interactions occurred within MMOs, showing their capacity to lead to
meaningful connections. In-game events like weddings solidified community bonds
and demonstrated care. Studies indicated MMOs fostered bridging social capital
(connecting diverse individuals) and bonding social capital (close friendships within
subgroups) [25]. By the end of the 2000s, MMOs established a new paradigm of
gaming as a community, characterized by complex social structures, economies, and
relationships, laying the groundwork for future social gaming.
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2.4 Social networks and modern online gaming (2010s-present)

The 2010s saw significant convergence between video games and social media,
blurring platform lines. This era featured socially integrated designs, dominant
sandbox and battle royale genres, exponential user-generated content, and game
streaming.

Early in the decade, social network games like FarmVille [29] achieved massive pop-
ularity via social media (i.e., Facebook) integration [30]. Leveraging social mechanics
for viral growth, these games showed the potential of existing networks for widespread
social gaming, though also highlighting intrusive practices. FarmVille demonstrated
non-traditional gamers’ willingness to engage with games presented socially.

Concurrently, sandbox games like Minecraft [31] and Roblox [32] gained traction,
encouraging player collaboration and content creation [33]. Minecraft provided a
sandbox for collaborative building and practicing social skills. Roblox extended this
by offering tools for users to create and share games, establishing a social ecosystem
with hundreds of millions of users. This shift towards user-generated content made
gaming a platform for social expression and collaboration.

The late 2010s saw massive online experiences transcend traditional genres.
Fortnite (2017) evolved from battle royale into a social platform hosting live events
and mass interaction for its young audience [34]. Its accessibility and social features
like voice chat made it a virtual hangout space [34]. In-game events like concerts
showed games’ potential as mass social experiences [34]. Playing Fortnite for social
reasons can expand social networks and improve well-being, particularly for indi-
viduals with disabilities [35].

Integrating live streaming platforms like Twitch [36] and YouTube Gaming trans-
formed gaming into a spectator sport and social forum [37]. These platforms provided a
venue for parasocial relationships and communities where viewers interacted in real time.
Playing became a communal entertainment experience. This expansion of social gaming
beyond the game instance highlighted a broader interconnected social ecosystem.

By the 2020s, video games themselves became primary social networks, especially
for younger generations. Games evolved into connected platforms for interaction,
content creation, and relationship building. The concept of “gamer” broadened to
encompass diverse individuals engaging in gaming as a ubiquitous social activity. The
trajectory from arcades to virtual lobbies demonstrates increasing sophistication in
game-based social interaction, while retaining the core appeal of shared spaces for
play and connection.

3. Theoretical perspectives from game and media studies

This section explores theoretical lenses from game and media studies that reflect
the social dimensions of gaming, particularly through concepts like “third places,”
social capital, and participatory culture.

3.1 Games as third places

The concept of “third places”—informal public spaces distinct from home and
work [10]—emphasizes accessibility, neutrality, and offering spontaneous social
interaction and community [10, 38]. These spaces enhance belonging and social cohe-
sion [10, 38].
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Massively Multiplayer Online Games (MMOs) function as virtual counterparts to
these spaces. MMOs like World of Warcraft mirror physical third places, supporting
informal sociability, casual conversation, guild formation, and community identity
beyond gameplay [25].

These virtual spaces share key characteristics of third places [10]:

* Neutral Ground: MMOs allow free entry/exit without formal obligations [25].

* Leveler: Avatars enable interaction on an egalitarian footing, reducing offline
hierarchies [39].

* Conversation: Chat functionalities for ongoing dialog, often exceeding structured
play [25].

o Accessibility: Games are often user-friendly, accommodating diverse players [40].

* The Regulars: Frequent players form community nuclei, establishing norms and
welcoming newcomers [41].

* Low Profile: Virtual environments offer relaxed, informal atmospheres [25].
* Playful Mood: Gaming promotes enjoyment, a core element of third places [42].

* Home Away from Home: For dedicated players, these spaces provide familiar
settings and a sense of belonging [43].

Scholarly work reinforces MMOs as third places in the digital age, facilitating social
interaction and community-building [25, 38]. Intricate social interactions in MMOs
underscore their role as dynamic social spaces where relationships are forged [39].

The significance of third places extends to overall quality of life [44]. Research
shows a positive link between accessible third places and perceived community qual-
ity [44]. Virtual third places are crucial for social support networks and well-being in
the digital realm.

In sum, MMOs and similar platforms act as contemporary third places, providing
spaces for informal social interaction, community cultivation, and personal fulfill-
ment in a digital society. Their role in forming connections and enhancing quality of
life grows as virtual environments evolve.

3.2 Social capital and communities

Drawing on sociological work [45], social capital involves networks, norms,
and trust enabling coordination for mutual benefit. In online gaming, especially
Multiplayer Online Role-Playing Games (MMORPGs), social capital emerges from
player relationships and communities [25].

3.2.1 Bonding and bridging social capital in gaming communities

Social capital in gaming communities includes bonding and bridging ties [45,
46]. Bonding capital refers to strong connections offering emotional support [45].
Bridging capital involves weaker ties for new information and perspectives [45].
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Gaming community participation often reinforces bonding capital. Cohesive
groups provide belonging, shared identity, and mutual support [25, 47]. As “third
places” [25], MMORPGs contribute to sustained interaction leading to close commu-
nities and relationships, mirroring offline settings [25].

Simultaneously, global online gaming contributes to bridging capital by connect-
ing players from diverse backgrounds [48, 49]. Interactions expose players to different
cultural norms, ideas, and perspectives, potentially enhancing tolerance and under-
standing. Research on mobile MMORPGs shows international guilds reinforcing both
bonding and bridging capital across cultures [50].

3.2.2 Gaming communities as platforms for civic engagement

Gaming environments can also serve as platforms for civic engagement [51].
Skills from cooperative gameplay—teamwork, leadership, strategic planning—may
transfer to real-world civic activities, and potentially more engaged citizens [51].
Collaborative problem-solving in games may cultivate civic capacities [51]. Research
indicates a positive link between collective MMORPG play and online/offline social
capital, suggesting in-game networks can extend beyond the virtual [48].

3.2.3 Implications for social well-being

Accumulating social capital in online gaming communities significantly impacts
players’ social well-being [52]. Participation contributes to developing social support
networks, both in-game and offline [52]. These networks help alleviate loneliness,
reduce isolation, and provide emotional support [52]. Social interactions in gaming
can also encourage empathy and prosocial behaviors [53]. Shared experiences and
goals cultivate understanding and cooperation [53].

In summary, online gaming communities are dynamic grounds for cultivating
social capital. Reinforcing bonding and bridging connections, these communities
enrich the gaming experience and contribute positively to players’ social lives, civic
engagement potential, and overall social well-being.

3.3 Identity, culture, and participatory play

Beyond entertainment, games are arenas for identity exploration, cultural expres-
sion, and participatory engagement [54]. Players actively shape gaming cultures
through fan art, mods, streaming, and memes [55, 56] also known as User-Generated
Content (UGC). This participatory culture cultivates its own community norms, in-
group language, and collective identities [54].

Ethnographic research shows player communities cultivating distinct “cultures of
play” with unwritten rules, slang, and group identities [54]. These communities can
persist as diasporic cultures, migrating and maintaining bonds after game servers
close [54].

Seminal work explores identity experimentation in virtual environments [14]. Early
text worlds enabled individuals to explore self-aspects, including gender, in social con-
texts different from face-to-face, potentially deepening identity understanding [14].

Media convergence theory shows gamers engage across platforms—game, forums,
voice chat, streaming [57]. This blurs boundaries between gaming and social media,
highlighting the participatory nature of digital culture where players are both con-
sumers and producers [57].
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Understanding social dynamics in these cultures requires considering the Online
Disinhibition Effect [58]. Reduced accountability online can lead to behaviors that
may be suppressed offline [58]. Recognizing these dynamics is crucial for designing,
developing, and maintaining positive interactions in gaming spaces [58].

Surplus Energy Theory offers another lens [59]. Play expends surplus physical/
mental energy [59]. In games, this applies to using virtual environments as an outlet
for emotions, channeling energy into challenges and social interactions [59, 60].

Collectively, these perspectives underscore gaming’s significant role as platforms
for identity exploration, cultural expression, and community participation [27,
61-63]. They highlight understanding gaming not just as entertainment, butas a
complex social ecosystem reflecting and shaping digital culture [64, 65].

4. Psychological aspects: Emotion, motivation, and social influence

Scavenging, fighting, healing, strategizing, trading, forming alliances—these
social behaviors are central to social games and human history. Humans are inher-
ently social, driven by a need to connect, belong, and share experiences. Social
gaming extends these psychological desires into digital worlds. This section explores
the psychological factors making social games compelling: motivations, emotions,
and social dynamics.

4.1 Motivations for social play

Motivations for social gaming are complex but rooted in basic psychological
needs. Self-Determination Theory (SDT) highlights three core drivers: relatedness,
competence, and autonomy [66-69]. Social games, designed for player interaction,
particularly fulfill the need for relatedness—feeling connected to others.

Relatedness stems from the drive to form social bonds [70]. Game social ele-
ments directly address this through collaboration, shared goals, and interaction [69].
Cooperative objectives require communication, synchronized actions, and mutual
reliance, a shared investment and emotional resonance in key moments. Multiplayer
features like chat, teamwork, guilds, and friend lists significantly enhance feelings of
connection and belonging [67]. Relatedness satisfaction deepens emotional engage-
ment and predicts future play intentions.

Shared experiences, like overcoming challenges or celebrating wins, build bonds.
Research shows shared activities boost closeness and understanding [71]. In-game
bonds can provide emotional support comparable to or exceeding offline friendships,
especially for those facing social challenges elsewhere [72].

Feeling part of a team can be as motivating as game objectives. Playing with
friends increases engagement, highlighting social context’s motivational appeal [73,
74]. Multiplayer online games function as “third places”—neutral grounds for social
interaction and community [10]. These spaces support casual chat, guild formation,
and community identity beyond gameplay [25]. Satisfying relatedness not only draws
players but is key to sustained engagement.

As it is the case with SDT, satisfying one need enhances satisfaction of other needs
as well; providing social interactions in a game may increase a player’ sense of mean-
ingful choices (need for autonomy) or effectiveness (need for competence) [67].

Beyond SDT, empirical research details social gamer motivations. In one study,
five factors were found: Achievement, Social (“Relationship”), Immersion, Escapism,
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and Manipulation [75]. The Relationship factor reflects the drive for connections and
friendships. A significant player segment prioritized social interaction over goals,
emphasizing social connection’s centrality. Even achievement often had social aspects,
like seeking peer validation [75]. These align with SDT’s relatedness.

In-game bonds extending to real-world relationships further highlight social
gaming satisfying relational needs and reinforcing engagement. A survey of over 900
MMORPG players found most formed meaningful friendships, with many meeting
offline [62]. Many felt online friends offered freer discussion of sensitive topics [62].
This emotional support strengthens motivation and attachment to game social spaces.

4.2 Emotional experiences in social gaming

Social games are rich emotional experiences shared among players. Gameplay
evokes strong feelings: shared victories build loyalty, negative interactions cause
anger or disappointment.

Playing with others amplifies emotions by adding human dynamics. Social
Facilitation Theory suggests others increase arousal [76], potentially enhancing
performance on simple tasks but impairing complex ones due to nervousness [76].
Emotional reactions are intensified in social settings. Research shows multiplayer
contexts amplify emotions via physiological and psychological mechanisms.
Excitement, frustration, and joy intensify during competition, shown by heightened
heart rate, skin conductance, and facial electromyography (EMG) [77-79]. Feeling
control and success in social play enhances enjoyment and positive affect, especially
when visible to others [80].

The type of social interaction—cooperative or competitive—shapes emotional
experiences and behavior. Cooperative contexts heighten trust, empathy, and soli-
darity through mutual reliance. Competitive scenarios intensify excitement, pride,
frustration, or aggression as players vie for success. Cooperative players report
higher empathy than competitive ones [81]. Cooperative contexts promote helping
and positive perceptions of teammates [82, 83] and reduce subsequent aggression
[84]. Observing or receiving generosity in games also increases subsequent generous
behavior [85]. Cooperative play builds on mutual reliance and team identity, while
competitive play encourages self-focus and rivalry.

Emotions spread through groups via emotional contagion [86-88]—the tendency
to align with perceived emotions [86, 87]. A player’s excitement energizes the group;
frustration lowers morale. Exposure to opponents’ emotions shifts players’ own states
and influences behavior [89]. Shared emotional rhythms heighten presence and
engagement, making play immersive and socially charged. Multiplayer games inten-
sify emotions by embedding them in human dynamics layered over gameplay.

4.3 Social influence and behavior

Players’ behaviors are shaped by others in gaming communities through peer
dynamics, self-representation, group identity, and norms.

Peer influence is a visible force. Gaming adoption and habits are socially conta-
gious; adolescents start playing and are influenced by peers’ time spent gaming [90].
Peer influence mediates video game effects on both positive and negative outcomes
[91]. Gaming is embedded in peer dynamics shaping participation and consequences.

Within games, social influence begins with virtual representations. The Proteus
Effect describes how avatar characteristics influence player behavior [92, 93].
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Taller avatars led to more aggressive negotiation; attractive avatars increased self-
disclosure and confidence [93]. Virtual self-modeling can enhance real-world motiva-
tion, like exercise [94]. Using female avatars increased in-game aggression, regardless
of player gender [95]. Using attractive avatars increased exercise and flirtatious
interactions with non-player characters (NPCs) and led to negotiating for more
money in a post-play game [96]. Avatar characteristics influence in-game behavior
and real-world self-perception—social influence from the adopted persona.

Group identity, norms, and dynamics powerfully shape behavior. A competi-
tive guild may demand stricter coordination; a casual group prioritizes fun. Players
affiliate strongly with teams or guilds, explained by Social Identity Theory [97]—self-
concept partly derives from group membership. Affiliations establish shared norms
shaping interactions, cooperation, and support [41, 48]. Leaders in complex games
coordinate efforts and manage relationships. Leadership strengthens commitment
and norm adherence.

In summary, gamers play within social ecosystems, and therein, motivations and
behaviors are shaped by peers, group affiliations, and community norms. Friends,
avatar identities, team dynamics, and leadership structures mean individual psychol-
ogy is deeply embedded in collective experiences.

5. Community and player interactions

Online multiplayer games, particularly the expansive landscapes of Massively
Multiplayer Online Role-Playing Games (MMORPGs), have evolved into remark-
ably intricate social ecosystems where players not only interact but actively establish
enduring communities that frequently reflect and even amplify the complexities
found in real-world social structures [27, 61]. Within these virtual environments,
players exhibit a natural propensity for self-organization, forming various types of
groups such as guilds, clans, squads, or teams to strategically coordinate gameplay
objectives (like undertaking challenging quests or competing against other groups)
and to engage in broader social interaction and camaraderie [41, 64, 97]. Within these
self-formed communities, cooperative behaviors, altruistic actions (helping fellow
players without immediate reward), and the development of genuine friendships and
robust social support networks are commonly observed and actively cultivated by
participants [41, 61].

5.1 Communities, cooperation, and friendship

Empirical research consistently demonstrates the significant social benefits that
players derive from participation in MMORPGs and other online social games [53].
For instance, early survey data specifically from players of the highly popular World
of Warcraft indicated that a substantial proportion of respondents reported that their
friendships formed within the game were comparable in quality to, or in some cases,
even exceeded the quality of, their friendships in the physical, real world [26]. These
digitally mediated relationships often demonstrate a remarkable capacity to transcend
the literal boundaries of the virtual world, with numerous well-documented accounts
of players forming enduring offline friendships and even romantic partnerships that
originated and were initially developed within the game environment [26, 62].

The collective pursuit of shared goals within games, such as collaboratively
defeating exceptionally challenging in-game bosses, successfully navigating intricate
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dungeons, or completing complex quests as a unified group, serves as a powerful
catalyst for promoting teamwork, necessitating effective and clear communication
among members, and facilitating the natural emergence of leadership roles within
these virtual communities [27, 97]. Successful guilds and similar social units are often
characterized by the establishment of both explicit (e.g., documented rules) and
implicit (e.g., unspoken expectations) social norms that govern member behavior
[41]. These norms can encompass a wide range of practices, including the mentor-
ing and support of novice players, the implementation of equitable and transparent
systems for distributing valuable in-game loot or resources, and the maintenance of
respectful and constructive communication channels, particularly during stressful or
challenging gameplay situations [25, 41]. These positive and functional social interac-
tions significantly enhance the overall gaming experience for participants beyond the
mechanics of play itself, and crucially, cultivate a strong sense of belonging, shared
identity, and collective purpose among community members [25, 54].

Extending engagement beyond the core game client and mechanics, players
frequently utilize third-party communication platforms, such as dedicated Discord
servers, community forums, and voice communication channels (like TeamSpeak
or Ventrilo in earlier eras), to engage in strategic planning, organize in-game events,
share personal experiences about their offline lives, and cultivate a pervasive sense of
camaraderie that transcends the immediate gameplay context [25, 37]. These supple-
mentary interactions play a vital role in the formation and maintenance of social
capital within gaming communities, encompassing both “bonding” ties, character-
ized by strong, emotionally supportive relationships among close group members,
and “bridging” ties, which provide access to new perspectives, diverse information,
and broader social networks by connecting individuals across different groups or
communities [45, 46].

Furthermore, online gaming communities can serve as particularly inclusive and
supportive spaces for individuals who may encounter significant social challenges or
experience marginalization in their offline interactions [53]. Research suggests that
individuals experiencing social anxiety, heightened emotional sensitivity, or other
social difficulties often find it comparatively easier and less intimidating to initiate
interactions, establish meaningful friendships, and form social connections within the
less physically and immediately confronting environment of online games compared to
face-to-face settings [42]. These positive virtual interactions, characterized by accep-
tance and shared interests, can in turn contribute to improved social skills, enhanced
self-esteem, and a greater sense of social integration for these individuals, with poten-
tial positive effects extending beyond the digital realm into their offline lives [53].

In summary, online multiplayer games offer rich, dynamic, and complex envi-
ronments highly conducive to community-building, extensive cooperation among
players, the development of lasting friendships, and cultivation of robust social
support networks. These virtual spaces not only significantly enhance the enjoyment,
engagement, and retention of the gaming experience itself but also provide valuable
social resources that can exert a substantial positive influence on players’ real-life
social well-being and overall quality of life [45, 53]. Understanding these community
dynamics is essential for appreciating the multifaceted impact of social gaming.

5.2 Disruptive behavior (toxicity, harassment, griefing)

While online games serve as fertile and productive grounds for community
formation, cooperative endeavors, and positive social interaction, they also provide
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environments where disruptive and toxic behaviors, such as verbal harassment,
griefing (the intentional and malicious disruption of other players’ gameplay), and
hate speech, can be alarmingly prevalent and impactful [68, 84]. These negative and
often aggressive behaviors can significantly undermine player well-being, severely
erode community cohesion and trust, and ultimately detract from the overall positive
gaming experience for many participants [85]. Addressing these issues is a critical
challenge for developers and communities alike.

5.2.1 Prevalence and forms of toxicity

Toxic behaviors in online gaming manifest in a diverse and often evolving range of
actions. These include direct verbal abuse directed at individuals or groups, the use of
offensive language or hate speech targeting specific demographics or identities, grief-
ing (the deliberate disruption of others’ gameplay through actions intended solely for
personal amusement or to cause frustration), and various forms of cyberbullying [87,
98]. For instance, research analyzing player reports in popular team-based competi-
tive games has consistently identified toxic behavior as a significant and unfortu-
nately frequently encountered issue. Studies in games like League of Legends have
shown that verbal aggression, negative attitudes displayed in chat, and intentional
gameplay disruption (like deliberately losing or hindering teammates) are among the
most commonly reported forms of toxicity [84, 99-101].

Survey data from large player populations further corroborate the widespread
prevalence of harassment and toxic experiences within gaming communities globally.
One study indicated that a substantial majority of adult gamers had experienced some
form of toxic incident within a one-year period, with younger players (adolescents)
and those actively engaged in highly competitive gaming genres or modes exhibiting a
particularly higher susceptibility to encountering such negative interactions [89]. The
persistence and visibility of these behaviors highlight a significant challenge in online
social environments.

5.2.2 Psychological and social drivers

A complex confluence of psychological and social factors contributes significantly
to the emergence, perpetuation, and normalization of toxic behaviors within online
game environments [90]. The widely recognized “online disinhibition effect” posits
that the perceived anonymity offered by online platforms and the lack of immediate,
direct, face-to-face interaction can significantly lower individuals’ social inhibitions,
leading them to engage in behaviors—both positive and negative—that they might
typically suppress or avoid in physical, real-world social interactions where account-
ability is higher [58, 91].

Furthermore, exposure to toxic behavior within gaming communities can con-
tribute substantially to its normalization among players over time or even becoming
a part of subcultures. Research suggests that witnessing verbal aggression or other
forms of toxicity in-game, particularly when coupled with high levels of game
engagement or identification with a group where such behavior is common, can
increase the likelihood of players themselves subsequently engaging in similar toxic
behaviors [92, 102]. This creates a concerning ripple effect and cycle of negative
reinforcement within communities.

Griefing, a specific and particularly disruptive form of toxicity, is characterized
by players intentionally acting in ways designed solely to spoil, annoy, or ruin the
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game experience for others [93, 103, 104]. It is often driven by a desire for a sense of
power or control over others [105], or simply for entertainment derived from eliciting
negative emotional reactions (like frustration or anger) from other players [93], also
known in online communities as “trolling.” Studies indicate that griefers may often
deliberately target less experienced players, exploiting their relative lack of game
knowledge, skill, or understanding of game mechanics or social norms to maximize
the disruptive impact of their actions [94]. Other motivations can include seeking
attention, expressing frustration unrelated to the game, or conforming to negative
group norms [93].

5.2.3 Impact on players and communities

The negative repercussions of toxic behavior extend far beyond the immediate
experiences of the individual targets, significantly impacting the broader gaming
community as a whole [106]. Victims of harassment and other forms of toxicity
often experience a marked and significant decrease in their enjoyment of the game,
increased levels of stress, anxiety, and frustration, and in more severe or prolonged
cases, may even report symptoms consistent with depression or social anxiety [53,
106]. As a direct and understandable consequence of these negative experiences,
many players ultimately choose to reduce their engagement or leave specific gaming
communities altogether in an attempt to avoid toxic environments and protect their
well-being [106].

Moreover, the pervasive presence of toxicity can act as a significant barrier,
actively discouraging new players from joining or remaining active within gam-
ing communities, thereby hindering community growth, reducing diversity, and
potentially isolating the community [95, 107]. This is a particularly concerning issue
for individuals from underrepresented or marginalized groups within gaming, who
may already face existing barriers to full inclusion and participation in these virtual
spaces and are disproportionately targeted by certain forms of hate speech and
harassment [95].

5.2.4 Mitigation strategies

Game developers, platform operators, and the gaming communities themselves
have increasingly implemented a variety of measures aimed at directly combating
toxicity and actively promoting more positive and inclusive social environments [28,
96]. These strategies commonly include implementing accessible in-game reporting
systems that allow players to easily flag toxic behavior, deploying sophisticated mod-
eration tools and dedicated teams (utilizing a hybrid of automated detection systems
and human moderators) designed to identify, investigate, and sanction offenders
according to community guidelines, and clearly articulating transparent community
guidelines and codes of conduct intended to encourage and enforce respectful and
inclusive behavior [96, 108]. Some games have also experimented with community-
driven moderation systems, where trusted and experienced players participate in
reviewing reported incidents and collaboratively determining appropriate sanctions
[97,109].

However, the overall effectiveness of this diverse range of mitigation strategies
remains variable across different games and platforms, and significant challenges per-
sist in consistently and effectively addressing the pervasive issue of toxicity in online
gaming [108, 110]. For instance, the normalization of certain forms of toxic behavior
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within some specific gaming subcultures can lead to underreporting of incidents, as
players may come to perceive such actions as simply being a typical, albeit unpleas-
ant, or unavoidable aspect of the gaming experience [110]. The scale of large online
communities also makes comprehensive moderation challenging.

Ultimately, effectively addressing and mitigating toxicity in online gaming
requires a multifaceted and sustained approach that integrates technological solu-
tions (improved detection and reporting) with dedicated human moderation
efforts, coupled with concerted and proactive efforts to foster positive cultural shifts
within gaming communities that actively prioritize inclusivity, mutual respect, and
constructive social interaction [28, 90, 108]. Ongoing research into the underlying
psychological and social drivers of toxic behavior, coupled with active community
engagement, player education, and collaborative initiatives involving developers and
players, are essential for developing more effective, scalable, and sustainable strate-
gies that promote healthier, more welcoming, and inclusive gaming environments for
all participants.

6. Social stressors and personal well-being

Social games, while offering compelling opportunities for connection and com-
munity, also present a unique set of challenges related to stress and overall personal
well-being. The intricate dynamics of competitive environments, coupled with the
inherent social pressures of online interaction, can introduce significant psychologi-
cal and physiological stressors for players. Understanding this dual nature—games as
both sources of stress and platforms for support—is crucial for a comprehensive view
of their impact on players’ lives. This section delves into the specific social stressors
prevalent in gaming environments and examines the ways in which social support
derived from gaming communities can positively influence player well-being.

6.1 Social stressors in games

Competitive social games, particularly those characterized by rapid pacing, high
stakes, and intense pressure, frequently place players in demanding psychologi-
cal and physiological states. The inherent nature of competition, often involving
direct confrontation with other human players, can trigger acute stress responses.
Empirical studies utilizing physiological measures have demonstrated that engage-
ment in competitive, and sometimes violent, video games can induce measurable
physiological stress reactions, including changes in heart rate variability (HRV) and
increased sympathetic nervous system activity [111-113]. While these heightened
states of physiological arousal might contribute to feelings of excitement and thrill,
prolonged or repeated exposure to such stress-inducing content—whether it’s
competitive combat, pressure under duress, or relentless time pressure—can lead
to sustained physiological activation and emotional strain [112, 114]. Over time, if
not properly managed, this stress may contribute to negative outcomes, potentially
manifesting as symptoms of burnout or heightened aggressive moods outside the
game environment [114, 115].

Beyond the stress inherent in competitive gameplay, significant social stressors
frequently emerge from negative or challenging interactions between players within
the social game environment. Multiplayer games, by design, bring players into close,
often real-time, and sometimes anonymous contact, creating conditions ripe for
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toxic behavior [58, 116]. The anonymity afforded by online platforms can lower social
inhibitions, leading individuals to engage in actions they might avoid face-to-face

[58, 116]. The prevalence of negative interactions is significant; reports indicate that
a substantial majority of online multiplayer gamers have experienced some form of
toxic interaction, with younger players, marginalized groups being more affected

[99, 117]. These toxic behaviors include verbal abuse, hate speech, and griefing
(intentional gameplay disruption) [99, 114]. Constant exposure to such encounters
transforms recreation into psychological distress, evoking anxiety, anger, and social
alienation, as they directly undermine players’ fundamental psychological needs

for belonging, acceptance, and relatedness [70, 99]. When these core needs are
threatened, players may feel devalued, unsafe, or unwelcome, eroding their sense of
connection [118]. Empirical research explicitly links perceived toxicity within gaming
communities to diminished in-game social capital, lower satisfaction of relatedness
needs, and heightened loneliness [118]. These factors are critical components influ-
encing social well-being [118].

Apart from overt toxic encounters, stress can also subtly arise from the pressure
to perform competently for teammates or maintain a consistent online presence with
friends [119]. This can turn gaming into an obligation rather than relaxation or escap-
ism. Fear of missing out (FoOMO) on social interactions, rewards, or progress when log-
ging off is another potent stressor [119, 120]. This fear can create a persistent sense of
obligation to play, even when tired or overwhelmed [119, 120]. Critically, in many social
games, the compulsion to play is driven not just by game mechanics but significantly by
perceived social obligations and the desire to maintain relationships [119, 120]. Players
may feel pressure to log on daily to support a guild, maintain a team role, or avoid
disappointing friends [119]. These responsibilities can create a cycle of social stress,
where players prioritize in-game commitments over real-life needs, potentially leading
to disrupted sleep, neglected responsibilities, and strained offline relationships [119].

For some individuals, these social stressors and pressures can contribute to gaming
becoming excessive and resembling addiction, recognized as Gaming Disorder [121].
Research shows that the desire for group-based gaming can increase the risk of social
game addiction, strengthening habits and weakening self-regulation [122]. When
gaming becomes compulsive, it often leads to significant negative impacts on mental
health, including increased stress, anxiety, and depression [115].

It is important to acknowledge that the experience and impact of social stressors
are not uniform and can vary across cultures. A study found Western players used
social games as emotional retreat from real-life stress, sometimes facing new stress
from in-game conflict or obligations. In contrast, players from certain non-Western
contexts often described gaming as a casual, integrated, group-based pastime embed-
ded in everyday social life, carrying less emotional weight or guilt [123]. These differ-
ences indicate that the impact on well-being depends on how social expectations and
real-life responsibilities are balanced within different cultural frameworks [123].

6.2 Social support and well-being

Although social gaming may introduce stressors, acknowledging the positive
social dimensions is equally important. For many players, social games offer a valu-
able source of emotional support, companionship, and meaningful interaction.
Through online communities, friendships, and cooperative play, social games can
help player to connect, alleviate loneliness, and increase their overall well-being
[124-126].
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Online social games create opportunities to build meaningful relationships and
access emotional support networks, positively impacting mental well-being [127].
Many players form close bonds through shared experiences, goals, and interactions.
These friendships often extend beyond the game, offering companionship and
belonging crucial for those isolated offline [47].

In-game communities frequently serve as informal support networks. Players
encourage each other, celebrate successes, and provide a safe space to share frustra-
tions or personal challenges. This peer support is emotionally grounding [127].
During the COVID-19 pandemic, when in-person social interaction was limited,
social gaming saw a significant surge [128]. Games like Among Us [129] and platforms
like Roblox [130, 131] experienced massive growth, facilitating virtual connection.
Animal Crossing: New Horizons offered escape and connection during lockdowns
[132]. By facilitating virtual social interactions and engagement when physical
togetherness was not possible, social games have helped people maintain connections
and mitigate isolation [128].

Social games can be particularly beneficial for individuals facing challenges
with in-person interaction. For socially anxious or shy players, online games offer
a lower-pressure environment to communicate and build friendships. Game-based
interactions allow more control over self-presentation and timing, reducing anxiety
and raising confidence [42]. Research shows socially anxious individuals are more
likely to turn to online games for social fulfillment, and in-game relationships can
compensate for offline difficulties [42, 63]. Social gaming also holds value for older
adults, connecting across distances and generations, helping to reduce loneliness and
enhance emotional well-being [133]. Research indicates older adults who play games
with family or peers experience improved mood, engagement, and a stronger sense
of social connection [133]. In these cases, games act as tools for maintaining relation-
ships and combating social isolation [133].

Beyond casual play, social games have been explored and implemented in
mental health contexts. Games combining physical activity and social interaction,
such as Pokémon GO [134], support mental health by blending movement with com-
munity participation, contributing to reduced depressive symptoms and improved
mood [134].

Social games have also been used as structured therapeutic tools. Clinicians and
researchers integrate multiplayer or cooperative games into therapeutic programs
for individuals experiencing depression, anxiety, social withdrawal, or neurodevel-
opmental differences [135]. For example, therapists use games like Minecraft to help
clients, particularly neurodivergent youth, develop social skills in a naturalistic and
engaging way [136, 137]. By participating in shared in-game tasks, players practice
cooperation, turn-taking, communication, and emotional regulation [136, 137].
Similarly, Animal Crossing: New Horizons has been used in group therapy sessions for
building communication and belonging [132]. As interest grows in digital mental
health interventions, the potential for social games to serve as accessible, enjoyable,
and socially rich tools for well-being continues to expand [135].

7. Cross-cultural gaming experiences and global gaming communities

Video games have evolved into a ubiquitous global medium, connecting bil-
lions across diverse societies [2]. While interactive platforms may seem universal,
the experience, interpretation, and social engagement with games are profoundly
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shaped by cultural contexts [2]. This interplay between global accessibility and local
cultures creates a complex social landscape. Research identifies universal patterns in
player motivations and well-being impacts, suggesting shared human responses to
interactive digital play. Alongside these, significant cultural variations exist in gaming
behaviors, communication styles, and social motivations within virtual communities
[4, 138]. Understanding these differences is crucial for appreciating the spectrum of
social gaming and inclusive global environments.

7.1 Cultural differences in social play

Underlying cultural dimensions significantly influence players’ engagement with
social games. These include societal approaches to individualism versus collectivism,
communication styles, gaming contexts, and societal attitudes towards video games
as leisure [2]. These factors shape individual motivations, experiences, and online
community dynamics.

7.1.1 Universal social motivations

Despite cultural differences, certain core social motivations for gaming resonate
globally, pointing to fundamental human needs fulfilled through digital play and
interaction. The desire for connection, belonging, and shared experiences are key
intrinsic drivers worldwide [69, 70]. While expression may vary culturally, the
underlying drive is common.

Research supports both universal psychological responses and culturally specific
manifestations. A study across North America, Europe, and China found similar
gaming-related distress from excessive play (fatigue, irritability, preoccupation, dif-
ficulty controlling play) [139]. This suggests common physiological and psychological
responses to intensive gaming, regardless of cultural background or game genre
[139]. Furthermore, research comparing Singaporean (collectivist) and Australian
(individualist) gamers indicated universal susceptibility to Internet Gaming Disorder
(IGD) [140]. However, motivational pathways to IGD diverged: for Singaporean
gamers, social motivations (fitting in, maintaining group membership, avoiding
disappointment of online friends) were stronger predictors of problematic gaming.
In contrast, for Australian gamers, competitive motivations (individual achievement,
high rankings, mastery) played a more significant role in developing IGD [140]. This
highlights that while problematic gaming is universally possible, the motivations
propelling players towards it can be shaped by prevailing cultural values [140].

7.1.2 Individualism vs. collectivism in gaming styles

Cultural dimensions like individualism versus collectivism [138, 141] demonstra-
bly influence preferred gaming styles, in-game behaviors, and interaction patterns.
Individualistic cultures (e.g., United States, Western Europe) emphasize personal
goals, independence, and individual achievement [141]. Collectivist cultures (e.g.,
many parts of Asia, Africa, Latin America) prioritize group goals, harmony, interde-
pendence, and loyalty to in-groups [138].

These orientations manifest in gaming. Players from collectivist cultures often
game for social interaction, group cohesion, participating in cooperative content
(raids, guild wars), and maintaining group harmony [140, 142]. Their motivation
leans towards contributing to team success and supporting guildmates rather than
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individual glory [142]. Conversely, players from individualistic cultures may priori-
tize personal achievement, skill development, solo mastery, and competitive success
[140, 142]. They might focus on individual rankings, completing challenging content
alone, or demonstrating superior individual skill [142]. This cultural distinction
shapes initial motivations (joining a game due to friends vs. competitive scene) and
influences pathways to problematic gaming, with social motivations potentially pos-
ing greater risk in collectivist contexts due to social pressures [140].

7.1.3 Communication preferences across cultures

Communication styles and technology use in gaming vary culturally, reflecting
broader societal norms about directness, context, and harmony [143]. Western
gamers, especially in fast-paced genres (First-Person Shooters (FPS), Multiplayer
Online Battle Arenas (MOBAs)), often favor voice chat for rapid coordination,
tactical calls, and social banter [144]. Quick voice communication is prioritized for
competitive advantage.

In contrast, gamers from many East Asian cultures, where indirect communica-
tion and maintaining face are significant, often prefer text-based communication
[135, 145]. Text chat allows deliberate articulation, consideration before responding,
and can be less intrusive or confrontational than voice chat, which might expose
non-native accents [144]. It also facilitates asynchronous interaction. Research
indicates younger gamers across regions predominantly use text chat, suggesting
generational factors. Female players frequently use character animations, emotes, and
sound signals as additional non-verbal cues, potentially adding nuance or expressing
emotion less directly [146]. These differences have implications for game design,
requiring flexible communication options, and for inclusivity within global gaming
communities.

7.1.4 Social contexts of play

The physical and social environments for gaming differ across cultures, influenc-
ing social interactions and community formation [2]. In China, gaming is often a
communal, co-located activity [63]. Internet cafés (“wangba”) serve as social venues
where people play alongside existing social networks [63]. Gaming here is inter-
twined with face-to-face interaction and preexisting offline relationships. This con-
trasts with North America and many European countries, where gaming often occurs
in private homes, with connections formed primarily online [63]. In this model, new
friendships often develop within the game environment, possibly remaining digital
[47]. These divergent contexts shape social interaction dynamics, community norm
development, and the integration of gaming into players’ broader social lives [2, 63].

7.1.5 Cultural attitudes towards gaming

Societal perceptions of video gaming also influence player experiences and
behaviors [4]. In the United States and some Western cultures, heavy gaming has
sometimes been associated with negative stereotypes (isolation, immaturity, unpro-
ductivity) and social stigma [139, 147]. If gaming is seen to interfere with respon-
sibilities or as an unproductive use of time, players may feel stress or guilt [139].

In contrast, in cultures like China or South Korea, where gaming and esports have
greater mainstream acceptance and even professional recognition, gaming may be
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viewed as a more normative and acceptable leisure activity [139, 148]. Players in these
contexts might experience less psychological stress related to their gaming habits
[139]. These differing attitudes towards leisure, competition, and technology influ-
ence the social gaming experience, self-perception, and interactions within online
and offline circles [4].

7.1.6 Implications for game design and community management

A culturally sensitive understanding of these differences is paramount for game
developers and community managers creating inclusive global gaming experiences
[149]. Designing games with flexible communication options (voice and text) is
crucial [143, 144]. Incorporating varied social mechanics supporting both individual
and collective achievements can broaden appeal [142]. Sensitivity to how content
or visuals might be interpreted across cultures is vital [2]. Community management
must acknowledge these differences, providing opportunities for respectful interac-
tion, multilingual support, and organizing events mindful of global time zones [150].
Addressing cultural needs enhances player satisfaction, community bonds, mitigates
misunderstandings, and cultivates positive global gaming environments [135, 138].
While games offer a universal platform, player engagement is culturally shaped [2].
Recognizing and accommodating these differences is essential for thriving global
gaming communities [149].

8. Global communities and transnational play

Video games have transcended localized entertainment, evolving into intercon-
nected transnational platforms facilitating cross-cultural interaction, collaboration,
and the formation of global communities that span geographical boundaries [145,
151]. Massively Multiplayer Online games (MMOs) like World of Warcraft and Final
Fantasy XIV exemplify this, hosting diverse international player bases engaging in
cooperative gameplay, competition, and establishing social bonds across borders and
languages [25, 148]. These virtual environments often transcend linguistic and cul-
tural barriers, enabling unique, shared digital cultures rooted in game-specific norms,
emergent player narratives, and distinct communication styles [152]. Players develop
shared lexicons, strategies, and participate in community-specific rituals.

MMOs enable “transnational cultural flows,” where players exchange gaming
strategies, technical expertise, and diverse cultural practices beyond game mechan-
ics [150]. This can include sharing holiday traditions, idiomatic expressions, or
aspects of real-world daily lives [150]. For instance, a Chinese player might intro-
duce fellow players on an English-language server to Chinese New Year customs,
while Western players might gain insights into Korean gaming culture through
engagement with Korean MMOs [150, 153]. These interactions, while sometimes
leading to misunderstandings, contribute to global gaming communities united by
shared interests and collaborative experiences, creating spaces for organic cross-
cultural learning [150, 153].

Esports further exemplify gaming’s globalization and cultural impact [154].

Major international tournaments (e.g., League of Legends World Championship, The
International) attract elite players and fans globally [154]. These events are global
spectacles celebrated across languages and cultures, viewed by millions online [155],
reinforcing global camaraderie among players and spectators [154]. Social media and
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streaming platforms like Twitch and YouTube Gaming amplify this, enabling real-time
cross-cultural interaction on an unprecedented scale [37]. An esports fan in France
can watch a Korean streamer, engage with global viewers in chat, and participate in a
worldwide gaming subculture [37], parasocial relationships, and community bonds.

Despite unifying aspects, challenges persist in global gaming [151]. Language
barriers are a primary obstacle, hindering communication and conflict resolu-
tion [143]. Time zone differences affect real-time coordination for events [150].
Misunderstandings from differing cultural norms and communication styles can also
occur [144]. Online discrimination based on national origin or language unfortu-
nately happens [156]. In response, many global gaming communities have developed
bridging practices: adopting simplified English as a lingua franca, using emojis and
memes for culturally ambiguous communication, and developing culturally neutral
communication strategies [144, 150]. Online translation tools and multicultural guild
structures are also prevalent. These community-driven efforts show a commitment to
inclusive and functional social spaces within diverse global player populations [144,
150], even as discrimination remains an issue [156].

As video games expand globally, understanding cross-cultural differences in
player behavior, communication, and expectations is increasingly vital for the health
of global gaming communities [150]. Expanding inclusive global communities
requires sustained efforts from developers (design, moderation) and players (con-
scious interaction) to address cultural sensitivities, promote equitable participation,
and encourage sharing diverse perspectives [143, 150]. Global online gaming offers a
unique opportunity for cross-cultural learning and connection, provided challenges
are actively addressed.

9. Conclusions

This chapter explored the multifaceted social dimensions of video gaming, from
early arcades to today’s complex, culturally shaped, global communities. Technology
has enabled geographically dispersed interactions, while the human drive for social
connection through play endures.

Theoretical perspectives offer frameworks: games as “third places” are informal
social hubs. Social capital theory explains how participation contributes to bond-
ing and bridging ties, enriching social resources. Identity and participatory culture
reveal games as arenas for self-expression, community norm formation, and shared
identities.

Psychological insights illuminate player-game relationships. Motivations are
rooted in needs like relatedness, competence, and autonomy, which social games sat-
isfy. In-game social interactions evoke a range of emotions, shaping the experience.
Social influence from peers, avatars, and group dynamics impacts player behavior
and attitudes.

Community dynamics are dual-natured. Games catalyze positive community,
cooperation, and friendships but also face disruptive behaviors like toxicity and
harassment. Understanding drivers of negative behaviors is critical for mitigation.

Cross-cultural gaming, despite global reach, is intertwined with specific cultural
contexts. Differences in social motivations, communication styles, play environ-
ments, and societal attitudes shape diverse player experiences and well-being impacts.
Yet, global communities thrive, using transnational platforms like MMOs and esports,
developing strategies to bridge cultural gaps, facilitating cross-cultural learning.
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In conclusion, video games are dynamic, culturally shaped social ecosystems
integrated with human psychology and global society. They offer avenues for social
connection, support, and exchange, providing spaces for belonging and shared
experience. They also present risks like stress and negative interactions. A holistic
understanding requires recognizing the interplay of game design, individual psychol-
ogy, cultural background, and community dynamics. Future research should explore
long-term cultural impacts of transnational gaming on identity, effectiveness of
toxicity mitigation strategies across cultures, potential of social games as therapeutic
tools in varied contexts, and implications of emerging technologies like Artificial
Intelligence (AI) and Virtual Reality (VR) on social dynamics. Deepening our under-
standing can harness social gaming’s potential for positive connections, well-being,
and cross-cultural empathy, while addressing its challenges.
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Chapter 5

Environmental Storytelling in
Video Games: Crafting Narratives

beyond Words

Jozef P. Cyran, Dariusz Myszor and Krzysztof A. Cyran

Abstract

Environmental storytelling has been present in video games since their very
inception and has always served as an alternative to traditional storytelling devices
such as dialog and cutscenes. This chapter explores the history, techniques, rationale,
and psychological impact of environmental storytelling. From the 1993 title Myst
to Half-Life 2 and finally Bioshock in the modern gaming era, this unique way of
presenting lore has captivated gamers in ways that traditional storytelling devices
cannot replicate. The concept of the Silent Protagonist is explored, including well-
known characters such as Gordon Freeman and Chell, examining this design, while
also addressing its criticism. Beyond game design itself, the chapter also explores
the community-driven aspect of environmental storytelling, describing how these
techniques encourage speculation, discussion, and the creation of fan content. Games
like Dark Souls demonstrate how environmental storytelling can support deeper
worldbuilding, inviting players to uncover hidden layers of meaning through explora-
tion. Recent empirical research, including a 2024 study at Uppsala University, along
with established cognitive theories, such as Narrative Transportation, highlights how
players process and interpret these environmental cues, even under fast-paced game-
play conditions. Ultimately, environmental storytelling is not just a design choice but
ameans of player engagement and agency, allowing players to experience narratives
rather than merely witness them. As game worlds become increasingly complex and
interactive, this approach continues to evolve, shaping the future of storytelling in
digital media.

Keywords: environmental storytelling, silent protagonist, worldbuilding,
community-driven content, game semiotics

1. Introduction

Narratives in video games have been presented through text and dialog options
since their very inception. The prototype for such narratives can be found in the
Choose Your Own Adventure books. These books allowed the readers to influence the
narrative by making choices that directed them to a corresponding page and discover
the consequences of his choice. These books provided the groundwork for future
games in regards to branching dialogs and multiple storylines [1-2].
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Initially, narrative in video games was expressed through words. The introduc-
tion of proto-cutscenes in the Sheriff video game in 1979 allowed for a new way for
developers to express narrative and Donkey Kong, released in 1981, is often consid-
ered to be the first example of a complete story told through cutscenes [3]. Since then,
cutscenes and dialog options have become the two defining elements of traditional
narrative presentation in video games — they allow the writers to transfer their classic
approaches (such as screenplays, dialogs) into the video game medium.

1.1 Disruption

The game Myst was released in 1993 and completely foregoes the traditional narra-
tive elements like dialog or cutscenes. The protagonist is silent, the world introduced
is foreign and unexplained, and it is up to the player to uncover the story, by looking
at and analyzing the environment. Myst does not rely on cutscenes (apart from a
brief introduction and ending). Instead, it is the environmental clues that guide the
player both in his actions and his perception of the game world [4, 5]. This new way
of presenting the story has since been termed environmental storytelling, and it has
influenced future successful games such as Bioshock, Half Life 2 and the Dark Souls
series.

Environmental storytelling is—as Jenkins puts it—“the art of arranging a careful
selection of the objects available in a game world so that they suggest a story to the
player who discovers them” [5]. It is worth noting, that while environmental story-
telling is often contrasted (and will be contrasted in this chapter) with traditional
storytelling devices, the two approaches are not mutually exclusive. A good example
of this is the game “Lies of P”—noted for its engaging cutscenes and dialog, while also
incorporating much of the environmental clues and indirect storytelling drawn from
its inspiration—the Dark Souls series.

In this chapter, we will look at the evolution of environmental storytelling, unveil
the underlying motivations for choosing such an approach and finally discuss how
modern studies support and formulate the principles and limitations of its application
in game design.

We will also examine popular techniques in indirect narration—for example the
Silent Protagonist—and explore how lore elements can be embedded in the environ-
ment. Finally, we will show how environmental storytelling can account for player
choice and even function as a replacement for dialog options.

2. The evolution of environmental storytelling
2.1 Early implicit narratives

In the early days of video games, the concept of environmental storytelling was
not clearly defined, but several games emerged that offered implicit narrative experi-
ences through level design, tone, and player agency. Zork, a text adventure game
where players explore dungeons, did not include any visuals. However, its written
descriptions of objects within a fictional world—descriptions that changed based on
player actions—can be seen as early spatial worldbuilding. This demonstrates that
environmental focus alone can serve narrative purposes.

Another early example of an environment that serves as a medium for storytelling
is the world of Metroid. Metroid, released in 1986, has since inspired an entire genre
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of exploration driven platformers. While many focus on the game’s mechanics, it is
also one of the earliest games where the player is left to their own devices—much
like the character they control. The protagonist, Samus Aran, explores a hostile
alien world, and the claustrophobic level design and decaying environment subcon-
sciously influence the player’s emotional state [6]. This point is emphasized even
more strongly in the game’s sequel — Metroid 2: Return of Samus, released in 1991.
Here, there is a secret story to uncover, the player can gradually understand where
the monsters come from. This information is conveyed through observation of the
environment—architecture, statues, and abandoned structures.

Metroid 2 was not the only release in 1991 that can be said to include implicit nar-
rative. Another World — a 2D platform game also featured a silent protagonist and the
story was uncovered through interaction with the environment and visual cues rather
than dialog.

2.2 Myst and the birth of environmental storytelling

In 1993, a small studio named Cyan, founded by two brothers, released the title
Myst. This game, which could arguably be considered one of the first indie games,
quickly captivated players with its detailed 3D world. It is important to note that,
unlike some of its later remakes, the original Myst game did not include real-time
graphics; instead it relied on pre-rendered frames. While it limited player movement,
this approach allowed for far greater graphical fidelity than that of its competition,
and the developers used this visual strength to tell a story. A story told (almost com-
pletely) without words (Figure 1).

When the player begins playing Myst, they are shown a brief video introduction
that reveals little beyond cryptic references to a mysterious book. They are then
placed in an abandoned industrial environment and left to their own devices. The
game’s point-and-click structure encourages the player to closely examine their
surroundings, searching for elements that seem out of place—and therefore likely to
be interactive. Combined with the lack of instructions and sparse dialog fragments
(which are more like cryptic monologs), this encourages the player to draw their
own conclusions. Just like Zork, it featured spatial puzzles; like Metroid, it fostered
exploration; and like Another World, it used a silent protagonist and avoided direct
exposition. As we will see later, this approach—including the eerie statements from
characters—will be repeated successfully by other games. Thus, Myst laid the ground-
work for environmental storytelling as a core narrative technique. Myst not only
combined all of these elements but also fully integrated them and treated them as the
only narrative vehicle.

2.3 Narrative fusion: The synthesis of environmental and traditional techniques

System Shock, released in 1994, is an RPG video game set in a futuristic cyberpunk
world where humans use cybernetic implants to enhance their biological capabilities.
The game features a complex story but avoids traditional cutscenes. Instead, the nar-
rative unfolds through audio logs and sparse monologs from a few characters. While
such techniques are common in modern games, they were groundbreaking at the
time—and their continued prevalence today attests to their lasting influence.

Deus Ex, released in 2000, serves as a spiritual successor to System Shock [7]. In
addition to inheriting its immersive environment and audio logs, it introduced new
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Figure 1.
“PDoys: Figure 7.4b” by Rosenfeld Media, CC BY 2.o.

elements, such as in-game text documents. These included emails, notes, and other
messages written by in-game characters, allowing the player to uncover a complex
web of political conspiracies and philosophical conflicts. However, Deus Ex also
featured branching dialog trees and meaningful player choices, placing it closer to the
tradition of verbal, choice-based narratives. While it retained environmental story-
telling traits from its predecessor, it ultimately combined them with classic narrative
techniques.

Another example of this fusion is Half-Life 2, released in 2004. The game is particu-
larly notable for how it develops its protagonist—Gordon Freeman. Gordon is often
cited as a Silent Protagonist [8, 9], yet he possesses a rich, implied personality. He is a
theoretical physicist trying to reverse the consequences of his own research. Though he
never speaks, his interactions with other characters—especially Alyx Vance—suggest
alayered emotional depth. In one moment, Alyx even jokes, “Still not talking, huh?”—
arare case where a game explicitly acknowledges its silent protagonist. Despite his
silence, Gordon’s identity emerges through his actions, relationships, and the world he
inhabits. This resonates with recent narrative modeling strategies that treat characters
as agents operating within logical world states. Lima et al. suggest that by assigning
characters evolving goals and action plans—anchored to production rules and dra-
matic arcs—developers can evoke rich, coherent narratives without relying on explicit
speech or player dialog. Freeman’s silence, in this light, becomes not a limitation but a
structural decision: an open space where the narrative is inferred rather than imposed.
Valve chose not to put words in Gordon’s mouth, but his actions speak for him (Figure 2).

The game’s environmental storytelling is instrumental in shaping this connection.
As a Homo Viator—a traveler through a broken world—Gordon reacts to the world
around him, but also changes it through his (pre-scripted) decisions. The game’s envi-
ronments are more than just backdrops; they are part of the narrative infrastructure,
filled with visual and spatial cues that convey history, danger, and purpose.
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Figure 2.
“wallpaper_half-life_2_03_1600" by Niranjan, CC BY 2.o.

BioShock, released in 2007, takes the hybrid approach further. Its title—clearly
an homage to System Shock [8]—signals a thematic lineage. Set in an underwater
dystopia shaped by the philosophy of Ayn Rand, the game presents a narrative where
the setting itself becomes ideological commentary [10]. Rather than offering a blunt
critique of Ayn Rand’s philosophy, BioShock constructs a nuanced exploration of its
ideological consequences, drawing players into a world where utopian ideals collapse
under their own weight [11]. Visually, the world of BioShock is constructed in the Art
Deco style, echoing the esthetics of Atlas Shrugged, which was first published during
the peak of Art Deco’s popularity. The contrast between the luxurious design and the
grotesque mutations of its inhabitants creates an unsettling atmosphere that rein-
forces the story’s themes. These design choices are not accidental; they operate both
on a conscious and subconscious level, guiding players to understand the ideology
and downfall of Rapture’s society without overt exposition.

Despite these innovations, however, most of these games still relied heavily on
explicit narrative cues—spoken or written—to deliver their stories. It was not until
a later paradigm shift, pioneered by titles like Dark Souls, that developers would
explore a more radical, fully indirect form of environmental storytelling.

2.4 The Soulslike revolution

Dark Souls was released by FromSoftware in 2011 and has since reshaped the
landscape of narrative design. Not only are there no difficulty settings, but the
instructions for the player are vague, the world is unfriendly and death awaits at every
corner. The player character is the Chosen Undead - they are already dead and can
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resurrect after dying. If the previously mentioned games still tried to be relatively
friendly to the player, Dark Souls makes no such effort. One could describe Dark Souls
as a game which requires great investment from the player, but offers even greater
rewards. This philosophy extends to its storytelling.

The story of Dark Souls is not mainly conveyed through dialog but environ-
ment and the few cutscenes that exist usually focus on the surroundings as well (for
example, they show a mechanism that opens a bridge). Deceptively, if the player
simply follows the surface-level progression, they will receive a story—but not the
deeper, hidden narrative. Only through careful analysis and connecting the dots can
the player uncover the real story behind Dark Souls.

This approach aligns well with the concept of narrative goals as introduced by
Cardona-Rivera et al. [12]. In their model, gameplay mechanics (ludological goals)
are interpreted by the player through multimodal feedback, forming narrative goals—
personal understandings of what the player’s actions mean within the game world. In
Dark Souls, the sparse feedback and indirect exposition force the player to construct
their own narrative goals, such as uncovering the secrets of Lordran or interpreting
the motives of the Serpents. These goals are not explicitly instructed by the game but
emerge through interpretation, driven by feedback in the form of item descriptions,
spatial clues, and cryptic NPCs.

There are several instances of this deception being quite explicit in the game—
one such instance is the Goddess Gwynevere, which really is just a projection from
another character. Another instance is the serpents—after the player completes a
milestone a seemingly friendly snake appears and offers his services. But the game
features another serpent, one who can reveal the hidden truths and offer a darker,
subversive path. All of these elements have one thing in common—they require
explicit player action to be revealed, often against the player’s instincts.

2.4.1 Miyazaki’s narrative philosophy

Hidetaka Miyazaki is the creator of Dark Souls and is often referred to as an ateur—a
term describing a director who strongly enforces his vision in regard to all aspects of his
art. When asked about the very indirect storytelling in Dark Souls, Miyazaki provided an
insight into his childhood. In an interview with the Guardian, Miyazaki explained that “As
achild, I couldnt always understand everything I was reading... I would use the pictures
to fill in the story” [13]. In the Dark Souls series, the player is similarly required to use
the visual imagery to fill in the blanks. It is worth noting, however, that while narrative
in the games is very indirect, it is still somewhat verbal, as various objects have textual
descriptions. One would be tempted to call them flavor text, but such characterization
would not do justice to those descriptions, as unlike in various other games in which such
descriptions serve as background or contribute to the atmosphere, in Dark Souls they
are the main device through which the player learns about the world. Technically, there
is dialog and in the later chapters we will explore how this dialog is nonetheless indirect
and deceptive at best. But it is important to keep in mind that to understand even the basic
story the player cannot rely solely on verbal narration (Figure 3).

2.4.2 The player as an archivist

The weight of discovery in Dark Souls falls squarely on the player, who must act as
both archivist and archaeologist—piecing together meaning from scattered remnants.
The lore of the game even encourages such speculation, since the world of Lordran,
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Figure 3.
“Dark Souls” by Jozef Cyran, CCo.

where the game takes place, went through cataclysms that convoluted the timeline of
the game. A friendly NPC called Solaire acknowledges this explicitly, by saying “The
flow of time itself is convoluted; with heroes centuries old phasing in and out” [14].
If the flow of time is convoluted and the story is not told directly, the player is neces-
sarily lost—and that is a very conscious decision by the company From Software. The
player must find their own meaning within the world.

In doing so, Dark Souls redefined what it means for a game to “tell a story”—not
through exposition, but through implication, omission, and the silent invitation to inter-
pret. As we shall see in the final section, this paradigm shift has since inspired a wave of
modern games that blend both indirect and direct narrative techniques (Table1).

2.5 A living technique: Environmental storytelling in modern games

Following the influence of Dark Souls, environmental storytelling has transitioned
from a niche experiment to a standard design approach used across a wide range of
genres. Modern titles increasingly incorporate indirect storytelling not as a novelty,
but as an integrated narrative structure. This technique has been adapted to suit
puzzle games, science fiction, and minimalist dramas, extending beyond the fantasy
genre it originated from.

A useful model for understanding how narrative emerges from gameplay is the
GFI framework, introduced by Cardona-Rivera, Zagal, and Debus. GFI stands for
Goals, Feedback, Interpretation, and it focuses on how players interpret gameplay
objectives as part of a story. In this model, the game provides players with goals (what
to do), feedback (how the game responds to their actions), and from these, players
form their own interpretations—which become their personal narrative understand-
ing [15]. This allows for storytelling that arises not from explicit exposition, but from
the player’s engagement with the system itself.

Her Story—a small indie game released in 2015—proves that this player engage-
ment can form the sole gameplay mechanic of a videogame. Though the game

105



901

Game Indexical Storytelling Symbolic Storytelling Geography Pacing Silent Release
(Eastern/Western) Protagonist Date
Project Chaser Broken walls, graffiti, Tube Room, Cube Nazi-inspired banners Western (Sweden) Fast-paced chase Yes 2024
guardian without swastika sequences
Fallout 3 Crater in Megaton after detonation Radiation as metaphor for Western (USA) Variable (exploration No 2008
destruction/trauma + combat)
Wolfenstein War-torn environments, ruins Nazi imagery (modified in Western (various) Action-focused No 1981-present
(series) some regions)
Dark Souls Different architectural styles on the same Fire as cyclical rebirth Eastern (Japan) Deliberate, Yes 2011
building methodical
Half-Life 2 Civil Protection checkpoints, abandoned Combine insignia Western (USA) Story-driven action Yes 2004
buildings, alien structures integrated into cities
Myst Abandoned worlds, artifacts, environmental Linking books as symbol of Western (USA) Slow-paced Yes 1993
puzzles knowledge/control exploration
Table 1.

A comparison of selected games.
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contains no physical environment in the traditional sense, its interface and database
structure function as a form of narrative space. The player’s primary activity is recon-
structing the timeline of events by watching video fragments in non-linear order. In
doing so, Her Story isolates and amplifies a core feature of environmental storytelling:
requiring the player to discover the plot by actively assembling dispersed narrative
clues. If uncovering the story was an additional reward in Dark Souls, it is the main
and only motivation in Her Story.

Other titles have continued to blend indirect narrative with more traditional
structures. Lies of P (2023) builds on the Soulslike format, combining implicit lore
and visual motifs with a more overt plot delivered through cutscenes and character
dialog. Outer Wilds (2019) uses environmental storytelling to frame scientific explo-
ration, encouraging the player to interpret clues embedded in planetary ruins and
alien technologies.

These examples indicate that environmental storytelling is no longer tied to a
specific esthetic or difficulty model. It has become a flexible narrative tool—adaptable
to various genres and capable of supporting both linear and fragmented plots. This
adaptability is further evidenced by recent narrative systems research that seeks to
merge player freedom with narrative coherence. Lima et al. introduce a system where
character goals and plans dynamically evolve in a simulated world but are guided by
predefined narrative structures—such as the Hero’s Journey or Grail Hero arc—to pre-
serve emotional impact and dramatic shape. Their system even detects when emer-
gent gameplay threatens to bypass a crucial narrative beat and introduces corrective
goals or world changes to steer the story back on track [15].

Recent research also suggests that the design of the game environment not only
conveys narrative meaning but actively shapes player behavior, even when players
hold contradictory real-world values. For instance, a 2024 study on Animal Crossing:
New Horizons found that players with strong pro-environmental values sometimes
acted against those values in-game if the mechanics rewarded extractive behaviors
such as chopping trees or selling animals. This underscores how game environ-
ments—through what they incentivize or obscure—become active participants in
shaping the narrative arc and ethical logic of the player’s experience [16].

3. The silent protagonist as a tool of environmental storytelling

The term “Silent Protagonist” refers to a playable character who does not speak at
any point during the game’s runtime. If understood strictly, many if not most pro-
tagonists in video games are silent—pacman from the game Pacman does not speak,
similarly the frog from Frogger remains mute. However, we shall not analyze these
examples, because while the player characters stay silent, there is little to no story in
those games, and certainly no complex narratives. Thus, the question “how does the
Silent Protagonist affect storytelling” is void in regards to such simple arcade games.

Instead, we shall take a look at games that have deep, defined narrative, and we
shall examine how those characters allow for smooth storytelling. One such game,
already mentioned is Half Life and its successor Half Life 2. The game’s main charac-
ter Gordon Freeman is worthy of particular analysis, because he has a well-defined
personality. The first introduction to Gordon Freeman is in first Half Life game.
Gordon starts in a lab and receives instructions from other scientists to conduct an
experiment. The experiment goes wrong, and a portal from another dimensions
allows aliens to invade earth. Initially, Gordon simply tries to get out of the laboratory,
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but guided by the NPCs he encounters, he manages to send a missile and destroy the
alien portal. The game ends, but a short cutscene involving a mysterious man, often
referred to as the G-Man, implies that this is not the end. Players had to wait 6 years
to discover that indeed this was just the beginning. The aliens—it turns out—were
merely tools and victims in the machine of the insidious Combine—a villain so imma-
terial and abstract that it could be named a silent antagonist. The Combine ultimately
is an organization, and Gordon Freeman emerges as the central figure in humanity’s
resistance against the Combine. While in the first games the NPCs were moderately
developed, the characters Gordon encounters in Half Life 2 are much more refined
and the player interacts with them more often. Yet, in all such interactions, Gordon
remains silent. The characters sometimes acknowledge this, which implies that
Gordon is silent both in-game and out of game and that is made clear. As we shall see,
it is important to express to the player whether a character does not really speak (like
Gordon Freeman) or whether the replies of the protagonist are simply not presented
to the player but implied.

Gordon Freeman is not the only Silent Protagonist that Valve (the studio behind
Half Life 2) introduced. In 2007, Valve released Portal, a puzzle game in which
the players take control of Chell. Much like Gordon, Chell does not utter a word
throughout the whole game. And yet, despite this, the player infers distinct character
traits, relational dynamics, and motivations—not in spite of the silence, but because
of how the world responds to it. What is different between the two games is how
other characters perceive the protagonist. Whereas Gordon’s gender did not play a
significant role in the story, Chell’s womanhood does. She is constantly demeaned
and insulted by GLaDOS - a rogue Al that incidentally also has the personality of a
woman and is the main villain of Portal. This contrasts with the praise and hope NPCs
place in Gordon. Furthermore, the actions Chell takes are different from those of
Freeman, whereas Freeman often seeks danger (not for the sake of danger but to stop
the enemy), Chell’s goals are to survive and resist. Portal is unique in that Chell is also
the only human in the game, so her reluctance to speak may be less of a character trait
like with Gordon and more of a response to her situation. Thus the player naturally
learns that Chell is a resilient, determined and very lonely, whereas Gordon develops
complex relationships with other humans and fights for humanity. The determination
is similar but the motivations are vastly different, and this is all conveyed without the
protagonists speaking.

Games such as Half Life or Portal definitely succeeded in their implementation of
the Silent Protagonist, but this cannot be said about all games that attempted it. The
Far Cry series, starting with Far Cry released in 2004 is a series of action shooters
containing thoughtful narrative. These narratives often offer a glimpse into troubled,
isolated societies and the Far Cry series has been noted for its villains, as they go
beyond the traditional villain tropes. Connor O’Keefe mentions Joseph Seed (Far Cry
5), Pagan Min (Far Cry 4), and Vaas Montenegro (Far Cry 3) as some of the most
memorable video game villains of all time [17]. The series protagonists have generally
also been received well, but the protagonist of Far Cry 5 has been strongly criticized
and specifically for being silent.

The Junior Deputy or Rook, as he is referred to throughout the game, serves as
the protagonist of Far Cry 5 and he stays silent. The story follows the classic far cry
narrative of being isolated in a world filled with violent factions, each with their
ideology and goals. The villains in Far Cry 5 are well fleshed out—they are inspired
by American militias and radical religious groups and when the Junior Deputy is
captured by them, they happily reveal their complex motivations. But the player
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characters silence feels already awkward, as the player is not sure what the Rook
thinks of these ideologies. Is he completely opposed? Is there a moment when he
considers that they may be right (it is worth noting that in a twisted way the villains
of this game are correct, the apocalypse is coming)? Sadly, the player never finds
the answer to this question and the environmental storytelling in this game, while
present, never provides any resolution. As Cameron Kunzelman notes, there is no
counter-force to the villains’ long monologs [18].

What feels even more unsettling are the Junior Deputy’s reactions to his allies.
Like Gordon Freeman, he does not answer them, but this is not clearly indicated and
may be confusing for the player. Kunzelman also feels that the allies in Far Cry 5 do
not offer a counter-ideology to the villains; this is different from Half Life 2, where
Gordonss allies provided a strong message of hope and provided insightful comments
about the events happening. Finally, the reason why Rook is silent, while reasonable in
itself (he is mute), is not indicated anywhere in the game and this fact, important to
the character, is only revealed in Far Cry: New Dawn, a spinoff game in which Rook is
one of the NPCs. Thus, against the intentions of the developers, players feel emotion-
ally disconnected from the character they play, it is merely an avatar to play with, but
not a fleshed out person.

Comparing Gordon Freeman and the Junior Deputy reveals that a silent pro-
tagonist’s success hinges on three key elements: their implied attitude, how other
characters narrate their actions, and the clarity of the reason behind their silence.
These elements are handled with care in Freeman’ case, but are muddled or missing
in Rook’s.

4. Community engagement and the shared imagination

“Nature abhors a vacuum”—when the creators withhold meaning, the community
rushes to supply it. From Software, notable for deliberately concealing most of the lore
of their video games, leaves room for the players to make their own stories. Initially,
these stories are formed in the mind of the players, but unsurprisingly many play-
ers are eager to share them online, often through YouTube videos. Such players are
often referred to as lore Hunters or lore Scholars and often form micro-communities
where players discuss their own interpretations. These interpretations can vary not
just in their content but also in the methodologies employed. As we will show below,
several real world analytical frameworks have been adapted to serve in the analysis of
diegetic elements.

4.1 VaatiVidya and the canonical compilation

If one asks a Dark Souls or Elden Ring player about their understanding of the
lore, they are likely to receive an answer that references VaatiVidya—one of the most
popular lore scholars who offers streamlined, high-quality miniseries that touch on
From Software Game’s narratives and especially the character stories. VaatiVidyas
approach can be characterized as relatively straightforward and literal. He is particu-
larly skilled at framing and connecting the NPC stories in his miniseries, for example,
the Prepare to Cry or Shadows Cry Twice playlists. VaatiVidya’s videos/productions
often feature machinima-style cutscenes and fan-made illustrations—often depict-
ing characters who are never visually shown in the game but are only mentioned in
passing.
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While VaatiVidyas straightforward approach is attractive to many players, particu-
larly those who enjoy the cinematic videos, it has also attracted controversy and even
plagiarism concerns, as he was accused of relying on the source material of another
lore scholar named RedGrave, but presenting it in an easier to digest form [19].

This highlights a deeper point: that in many ways the lore scholarship within From
Software’s community mirrors the structure and tensions of traditional academia.

4.2 Lore scholarship frameworks: Two interpretive approaches
4.2.1 Tarnished archaeologist: Love as archaeological stratigraphy

Tarnished Archaeologist, founded in 2022, quickly rose to prominence in
the Sous-like (Elden Ring, Bloodborne, Dark Souls) community, because of its
unique approach to analyzing From Software Game’s lore [20]. The channel looks
at the world of Elden Ring, for example, as the result of hundreds and possibly
thousands of years of history. The validity of such a perspective heavily relies on
the fact that From Software has a habit of creating a robust and precise history and
then removing large parts leaving only remnants of the past in the form of ruins,
vague references (sometimes these references are intentionally wrong, as they
reflect the limited knowledge the characters have of the world they live in) and
iconography. Tarnished Archaeologist, as the name suggests, attempts to uncover
the game’s lore in the same way a real archaeologist attempts to uncover the history
of Earth. Furthermore, his methodology often refers to real-world architectural
studies (Figure 4).

He adopts the concept of social stratigraphy, originally introduced by archaeologists
such as McAnany and Hodder to analyze the different layers existing in architecture
as social records. McAnany and Hodder point out that stratigraphic sequences require
the archaeologist to possess a certain understanding of the social practices of the
societies they study, and enable them to use this knowledge in combination with
archaeological records, to infer about the events and attitudes of the ancient commu-
nities. Such sequences often include purposeful forgetting and renewing of aspects
from the preceding layers [21]. Again, for this approach to be valid, the game develop-
ers had to create the layers so that they follow a (hidden from the player) sequence.
From Software definitely does include such stratigraphic elements, for example, some
reliefs are hidden behind newer statues. Tarnished Archaeologist points out that this
is intentional and conveys that whoever put the newer statues, likely did not want his
contemporaries to see the relief behind. Another case is through analyzing different
styles — just as the use of arches, for example, can help archaeologists roughly date
a structure, the use of different architectural styles in Elden Ring gives the players a
clue that a certain building has been used by different civilizations, one preceding the
other (Figure5).

Tarnished Archeologist also educates the public by comparing some of the iconog-
raphy to the iconography in the real world, he compares the statue of a man lying flat
in an evocative pose to the pieta sculptures, which depict Jesus Christ after his death
(the most famous of these is of course Michael Angelo’s Pieta, but other examples
exist as well). In some cases, the religious connotations go even deeper, one such
case presented in Bloodborne is a relief showing a woman looking high in the sky
and holding her stomach. This is another reference to Christianity, specifically the
Annunciation to Mary, in this case, he convincingly argues conclusion that in both
cases it refers to divine conception — although twisted in the Bloodborne’ case. And
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Figure 4.
“Elden Ring” by Jozef Cyran, CCo.

Figure 5.
“BloodBorne” by Clinton Crumpler, CC BY 2.0.

regarding Elden Ring, he compares the burial practice in the fictional place of Farum
Azula (from Elden Ring) with the real world Varna Excavations.

Architecture and art are not the only way religious themes are incorporated into
the world of Elden Ring. Tarnished Archaeologist makes effort to place the inferred
(from reliefs and tablets) history of Elden Ring in the context of the myths and reli-
gious parables of Earth. He compares the “Elden John” (a term created by the commu-
nity to refer to an anonymous figure from Elden Ring’s statues) to biblical patriarchs
such as Moses and he likewise draws a comparison between a catastrophic even in
Elden Ring’s history to the Great Flood myth that is prevalent in many cultures.
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4.2.2 Charred thermos: Bloodborne as a poem on dissection

Bloodborne, a 2015 release by From Software is definitely inspired by Lovecraft
and the themes of Great Old Ones (or as Bloodborne calls them Great Ones) form
the main source of narration. However, Bloodborne can be viewed in a different, less
literal way. Such a perspective is brought by Charred Thermos—another lore scholar
who is keen to interpret From Software’s games [22].

Charred Thermos does not deny that there is a literal story separate from his
interpretation, but he claims that there is an additional layer which many play-
ers missed—the story of Bloodborne is a parable for the history of dissection in
the Edinburgh Medical School in the 17th, 18th and 19th centuries. While this
claim may seem far-fetched, it is surprisingly well supported by the arguments
that Charred Thermos puts forth. Perhaps the strongest reference to Edinburgh’s
history is the presence of caged graves in the city of Yharnam where most of
Bloodborne’s events take place. The strength of this argument lies in the fact that
those graves are difficult to explain purely within the context of Bloodborne—
there is no apparent reason why the inhabitants of Yharnam should cover their
graves. Grave excavation is present in the game, but it is conducted only on the
graves of the Great Ones (the lovecraftian divine creatures) and the human graves
remain undisturbed. But we can find such caged graves in Edinburgh and the
reason is quite grim—at the time when early modern medicine was starting to take
foundation, the procurement of bodies was a difficult task, made more challeng-
ing by unclear and mixed attitudes of the local authorities. Thus, a new profession
was found, body snatchers (also called resurrectionists) were people who illicitly
dug up the graves of recently deceased individuals and sold them to the scien-
tists employed in Edinburgh Medical School. Thus, the inhabitants of the city
would often put a cage on the graves of their relatives to avoid their disturbance.
Body snatchers themselves are another clue to Charred Thermos’ thesis—the
Graveguard set (of clothes) is an item that does not resemble guard armor or
clothes but is very reminiscent of the typical body snatcher’s depictions.

Charred Thermos argues further that the Bloodborne’s Laurence character is inspired
by an author living in 1768 named Laurence Sterne. Laurence was a famous writer and
was buried after death, but sometime after his death, rumors emerged that his body was
recovered and sold to be used in an anatomical dissection. Allegedly, one of the students
even recognized him during the dissection, and his skull was returned to his grave, albeit
without the body. This mirrors the game’s Laurence, whose body was recovered and
displayed on a dissection table. Finding his skull is even one of the game’ quests.

All of these comparisons (among others) point to the conclusion that From
Software has deliberately made references to the history of dissection in Great Britain.
The environmental storytelling that From Software has chosen creates a space for the
inclusion of such references and encourages the players to seek them. Even if they
were included in the traditional style of narrative, players may be less inclined to
engage in that level of speculation, as the story would explicitly provide the answers,
and even less likely to view it in metaphorical terms.

5. Empirical insights and cognitive background

Narrative Transportation Theory, as introduced by Green and Brock [23], describes
a state in which an audience becomes mentally, emotionally, and imaginatively
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absorbed into a story world. In this state, attention is highly focused, emotional
engagement is heightened, and vivid mental imagery is formed, often accompanied by
a temporary detachment from the real world. While initially developed in the context
of literature and film, the concept has clear relevance to video games. Games that rely
on environmental storytelling can produce transportation without requiring extended
dialog or scripted exposition. Here, immersion emerges from the act of navigating,
interpreting, and emotionally responding to the designed space itself.

To study how player understanding is formed through observing the environment, a
2024 study was conducted at Uppsala University. The study asked the following question:
“how can we tell narrative through environments in a fast-paced 3D platforming game
without stopping the player?” [24]. For the purposes of the study, a video game called
Project Chaser was developed in four iterations. After each iteration, the test participants
(players) were asked questions about their understanding of the game’s story, specifi-
cally the six elements: Location (a dystopian brutalist architecture) the Government (a
totalitarian government that consists of two social classes), the Guardian (the antagonist
of the game, chasing the player), the Cube (a power source) and finally the Player and
the Society of the world presented. The game contained no cutscenes or dialog and
thus the total weight of the narrative was put on the environment with the additional
constraint—the gameplay pacing did not allow the player to inspect the environment for
along time, as the Guardian was supposed to constantly chase the player throughout the
level. The pacing constraint was useful in examining the story naturally formed through
narrative transportation, as opposed to in-depth lore scholarship discussed in Section 4.

5.1Indexical storytelling

A particular type of environmental storytelling has been recognized by Clara
Ferndndez-Vara and termed Indexical Storytelling. This storytelling focuses on indices/
indications. Signs in language can be broadly categorized into three types: icons, sym-
bols and indices. Icons signify an idea through similarity (an icon of tree representing
atree), symbols have abstract meaning often separate from their form or shape and
indices are physically connected to their meaning. Fernandez-Vara gives smoke as an
indication of fire as an example of an index [25].

In Project Chaser, indices were added in the second and following iterations of the
game, while the first iteration consisted mostly of icons and the environment itself.
An example of index which was found to be particularly effective was broken walls
and graffiti which were found to significantly improve the participant’s understand-
ing of a past conflict. Another type of index was Tube Room—a chamber supposed to
convey that the Guardian is an artificial, built construct.

Across the four iterations, the inclusion and refinement of such indices measur-
ably improved player comprehension scores. Importantly, the removal—intentional
or accidental—of these indices had the opposite effect. When a bug prevented the
“guardian” enemy from visibly orbiting the Cube, players were far less likely to
understand its protective role. This provides rare empirical confirmation that envi-
ronmental cues of this kind are not merely decorative; they are functional elements in
the communication of narrative.

5.2 Cultural interpretation

While transportation and indexical storytelling can be powerful, they are not
universally interpreted in the same way—interpretation may be strongly shaped by
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player’s cultural background. A notable example of such geographically diverging
reception is the release of the Fallout 3 game. In the Japanese version, the option to
detonate the city of Megaton—a decision which transforms the settlement into a
radioactive crater—is removed. This is despite the fact, that quest never explicitly
mentions Hiroshima or Nagasaki. The mere combination of radiation, destroyed
structures and crater imagery evoked unpleasant associations for the Japanese public.

Another example, regarding a Western audience can be found in the releases of the
Wolfenstein game. The swastikas and Nazi imagery were replaced by less controver-
sial, although somewhat confusing alternative symbols. Project Chaser, developed in
Sweden, intentionally modeled its governmental banners on Nazi esthetics—without
using the swastika itself—to evoke associations with authoritarianism and ideological
control. In regions unfamiliar with such symbolism, the banners might be read simply
as abstract design elements, losing much of their narrative charge. It should be noted,
however, that in Sweden the association has been quite effective in increasing the
participant’s understanding of the government as totalitarian.

An additional aspect to note is that Fallout’s 3 crater imagery is an example of an
index (the crater is physically connected to the preceding explosion), while the con-
nection of certain flag designs to totalitarianism is symbolic.

Taken together, these observations illustrate that environmental storytelling
operates at the intersection of design, cognition, and cultural context. Narrative
transportation theory shows that a connection to the story world can form naturally
even during fast-paced gameplay. Project Chaser demonstrates that indexical and
symbolic storytelling can measurably improve player comprehension, while cultural
background shapes whether the associations formed achieve their intended effect.
The crater in Fallout 3 serves as an example of an index, while totalitarian flag designs
in Project Chaser function symbolically. Developers should, therefore, evaluate the
cultural connotations of their designs, especially when relying solely on these ele-
ments to convey the narrative.

6. Conclusions

Environmental storytelling is a powerful narrative framework that avoids tradi-
tional tools such as cutscenes and dialog, instead focusing on the design of the game
world itself—inviting players to interpret and assemble meaning from what they
observe. From Myst and Half-Life to Elden Ring and beyond, developers have used
this approach to craft immersive worlds that not only engage players, but also inspire
them to construct their own narratives. These emergent narratives often involve not
just the world itself, but also its characters—especially those who do not speak, either
because they are long dead by the time of the game’s events, or because they are Silent
Protagonists.

Ironically, such silent protagonists can be effective narrative tools—but only if
their silence is meaningfully justified. Developers must provide context through the
environment and supporting characters to avoid alienation or confusion, and to give
the protagonist a sense of presence and personality. Evaluating the symbols and indi-
ces present in the environment through the lens of cultural context is paramount in
ensuring that the intended interpretations are more likely to be formed. Richly crafted
environments become fertile ground for player speculation, allowing players to
re-contextualize the story not only in literal terms, but also in metaphorical or poetic
dimensions. Poetry is often said to “say much with few words”—and environmental
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storytelling aspires to do the same, presenting layered narratives through atmosphere,
space, and symbol, rather than exposition.
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A Briet Discussion on Research
Experiences in Games and
Learning: A Predecessor of a
Community of Practice Approach
in Taiwan

Tieh-Huai Chang

Abstract

This chapter explores the evolving role of digital gamesx in educational research,
with particular emphasis on informal learning practices within Taiwanese gaming
communities. Historically viewed negatively due to associations with academic
distraction, digital games are increasingly acknowledged as meaningful environments
for developing essential competencies, such as strategic thinking, collaborative
problem-solving, and adaptive creativity. By employing ethnographic methods and
the Community of Practice (CoP) framework, this study demonstrates how player
interactions in games like Pokémon Go exhibit sophisticated cognitive, social, and
cultural skills frequently neglected by traditional education. A quadrant-based ana-
lytical model is introduced to systematically classify player competencies, shifting the
focus from outcome-based evaluations toward understanding broader learning ecolo-
gies. Nevertheless, significant cultural and institutional barriers persist in Taiwan,
including educational conservatism and limited academic recognition of informal
learning contexts. In conclusion, this chapter advocates for acknowledging gaming
as a legitimate site for educational innovation and suggests reframing scholarly and
pedagogical approaches accordingly.

Keywords: game-based learning, community of practice (CoP), Taiwan, gamer
competencies, analytical framework

1. Introduction

Games have long drawn the intevest of educational vesearchers, though their role in
learning continues to spark debate. Traditionally regarded with suspicion—often seen
as distractions that could hinder academic progress—digital games were linked to
poorer academic performance. A British longitudinal study involving 600 adolescents
over 2 years, for instance, found that students who played video games less frequently
tended to perform better academically than their peers who played more often [1].
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Similar findings are echoed in Taiwanese research, which further suggests a consis-
tent negative association between gaming and academic achievement [2].

In recent years, however, educational perspectives have shifted notably. Gamification
is now being embraced as a legitimate pedagogical tool, marking a departure from
earlier skepticism. Leading textbook publishers in Taiwan, for example, have begun
to integrate interactive, game-based elements into their educational materials.

These platforms aim to boost student engagement and learning effectiveness, and
early results have shown promising improvements in both motivation and academic
outcomes [3].

Educational perspectives on gaming have undergone a marked transformation, with
growing recognition of its potential as a vich avenue for non-formal but meaningful
learning. The MacArthur Foundation (2014), for example, advocates recognizing the
unique competencies developed by digital natives—young individuals who have been
immersed in gaming-rich environments from an early age. From early classics like
Super Mario and Tetris to modern franchises such as World of Warcraft and League of
Legends, digital games are seen to foster cognitive, social, and cultural skills that are
often underappreciated in traditional educational settings [4].

Leading scholars like James Paul Gee and John Seely Brown emphasize the emergence
of critical yet often-overlooked gaming-based literacies, which encompass adaptive
problem-solving, strategic thinking, and collaborative skills—abilities that are seldom
nurtured within conventional classroom instruction but prove highly valuable in
real-world contexts [5-7].

Gaming encourages players to become active participants, fostering collaborative
problem-solving and creative thinking. Jane McGonigal [8, 9] underscores how games
can enhance player engagement, cooperation, and critical reasoning—skills that,
when harnessed, may empower individuals to contribute to meaningful change
beyond the virtual realm. This potential is exemplified in empirical research, particu-
larly within the Pokémon Go community. There, players have been observed engaging
in practices that resemble scientific inquiry—including forming hypotheses, conduct-
ing informal experiments, and analyzing shared data collaboratively to refine strate-
gies and expand communal knowledge [10]. These player-driven learning processes
closely parallel those found in established Communities of Practice (CoP), suggesting
that the mechanisms underlying game-based collaboration hold significant promise for
application in formal educational environments.

Players’ informal, self-directed learning experiences warrant caveful scrutiny for their
educational relevance and implications. Although gaming communities have demon-
strated substantial learning potential, these informal domains are still frequently
undervalued by traditional educational paradigms. Taiwanese gamers, for example,
have achieved international recognition through their performance in diverse competi-
tive platforms—from Age of Empires and StarCraft to more recent titles like League
of Legends and Hearthstone. Yet, these accomplishments are often underrecognized
within mainstream educational narratives [11]. This lack of acknowledgment high-
lights the need to systematically assess and validate competencies cultivated through
gaming. Doing so could prompt a reconsideration of how academic institutions define
and value learning and skill development in the digital age.

A growing body of empirical vesearch from Taiwanese classrooms highlights the effec-
tiveness of game-based learning platforms in boosting student motivation and engagement.
Studies conducted in elementary school settings, for instance, reveal that students are
capable of adapting educational games in creative ways to heighten both enjoyment
and learning outcomes. These practices—often referred to as “re-gamification”—not
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only help maintain students’ attention but also foster critical thinking, creativity, and
problem-solving skills [12]. Students have been observed identifying limitations in
game design, redefining goals, and even devising new levels and rule systems. Such
behaviors reflect not only a high degree of learner autonomy but also sophisticated
strategic thinking [13-15], suggesting valuable directions for future instructional
design.

These findings challenge long-held assumptions that question the educational legiti-
macy of game-based learning within formal settings. What has often been regarded as
mere entertainment is now increasingly recognized as a potentially immersive and
adaptive form of twenty-first-century learning. In instances where standard game
environments lose their appeal, players who reinterpret the experience as a personal
challenge exemplify the mindset described by Seymour Papert and Nicole Lazzaro as
“hard fun”—a form of enjoyment rooted in overcoming difficulty [16, 17]. This shift
is evident in Chang and Chen’s [12] observations, where students frequently increased
the challenge of educational games by imposing their own constraints or altering the
sequence of gameplay. Such behaviors indicate a deep state of flow and sustained
engagement, which research links to greater motivation and long-term cognitive
investment [18, 19].

Indeed, it is within these complex, game-mediated environments that players con-
sistently exhibit resilience, strategic thinking, and collaborative coordination. Whether
navigating intricate puzzles, managing virtual economies, or leading online teams,
players must adapt to evolving challenges and dynamic conditions. Such behaviors
are far from incidental; they constitute purposeful learning performances situated
within goal-driven communities. Viewed through the lens of situated learning and
Communities of Practice [20, 21], these adaptive and collective behaviors exem-
plify robust forms of informal learning. For instance, Chang [22] documented how
Pokémon Go players engage in verifying crowd-sourced data, critiquing and refining
hypotheses, and iteratively developing shared strategies—activities that closely mir-
ror the practices of scientific inquiry [23]. Similarly, the Foldit project illustrates how
gamer communities can collaboratively solve complex biochemical problems within
days, underscoring the cognitive and collaborative potential inherent in game-based
learning contexts [24].

This line of inquiry prompts a broader philosophical reconsideration of where and how
meaningful learning occurs. If learning is understood as a fundamentally social and
contextual process—driven by participation in meaningful practices—then gaming
communities may represent compelling examples of contemporary, learner-centered
cultures. This view resonates with calls from learning scientists to expand the scope of
inquiry beyond traditional classroom environments and to recognize the richness of
authentic learning across informal, interest-driven spaces [7, 25, 26]. Lin [27] further
contends that many negative perceptions of gaming stem from outsider viewpoints,
including those of educators, policymakers, and media portrayals, which often over-
look the nuanced practices embedded in gamer culture. By framing gamer communi-
ties as legitimate knowledge ecosystems, researchers are better equipped to identify
and validate player competencies—thereby pushing the epistemological boundaries
of learning sciences and expanding what counts as valuable knowledge and expertise
in the digital age.

In this sense, the significance of gaming surpasses conventional educational innova-
tion—it compels a rethinking of the epistemological limits traditionally associated
with schooling. By treating gaming as a serious site of cultural production and
skill development, educators and researchers can foster more inclusive, culturally
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responsive, and intrinsically motivated learning opportunities. Liang [28] called
for micro-analytical approaches to ACG (anime, comics, and games) studies,
highlighting how academic discourse has historically marginalized player cultures.
Responding to this gap, Chang and Jan [29] proposed a quadrant-based analytical
model designed to classify various player competencies. This framework offers a
more systematic lens for understanding the diverse forms of expertise cultivated
within gaming communities—addressing the long-standing lack of structure in this
field [30, 31].

Ultimately, reframing gaming from a perceived distraction to a legitimate domain of
disciplinary inquiry underscores the pressing need for interdisciplinary collaboration. To
fully understand the complex cognitive, social, and cultural dimensions of gameplay,
educational researchers must engage with game designers, sociologists, and cultural
theorists. Education policy, in turn, should advance supportive frameworks that
acknowledge informal learning outcomes, invest in teacher professional development
for game-based pedagogy, and cultivate school-community partnerships that actively
incorporate gamer perspectives. This collaborative agenda is bolstered by a growing
body of empirical research—not only from game studies but also from cognitive
psychology [32], social interaction research [33], and cultural practice theory [34]—
which collectively validate the educational relevance of gaming as a rich, multidimen-
sional learning environment.

Given these considerations, Taiwan offers a particularly rich context for advancing
systematic vesearch into the educational dimensions of gaming—owing to its vibrant
gaming culture, robust digital infrastructure, and growing interest in pedagogical
innovation. Overcoming persistent biases and misconceptions demands a sustained
scholarly effort to understand how gaming experiences can meaningfully contribute
to various aspects of formal education, including student engagement, collaboration,
and problem-solving. By laying a strong theoretical and empirical groundwork, this
chapter positions the Community of Practice framework as a productive and nuanced
lens for investigating, interpreting, and facilitating learning within game-mediated
environments—opening new pathways for future inquiry and educational practice.

2. Research experiences and problematization
2.1 Early encounters with games and learning

The author’ initial engagement with the question of games and learning did not emerge
from established theoretical frameworks, but rather from direct observation of students’
everyday experiences in educational settings. Before formally conceptualizing games as
learning environments, the author—then an educator—encountered a recurring and
thought-provoking paradox: students who appeared disengaged in conventional class-
room activities consistently displayed extraordinary levels of enthusiasm, persistence,
and concentration when interacting with digital games.

This contradiction raised foundational questions that, at the time, lacked a clear theo-
retical vocabulary within mainstream educational discourse. A pivotal moment occurred
in a high school library, where the author observed a student who consistently
struggled with completing written assignments, yet painstakingly maintained a hand-
drawn spreadsheet documenting the evolution and drop rates of rare monsters in a
digital game. The level of detail in this record—meticulously categorized, regularly
updated, and peer-reviewed—rivaled that of formal scientific documentation.
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At that point, no educational theory the author was familiar with offered a concep-
tual lens adequate to interpret the student’s activity. This was not simply gameplay—it
involved pattern recognition, hypothesis generation, iterative testing, and col-
laborative knowledge-sharing, closely resembling practices associated with citizen
science and informal research literacies. These observations gave rise to a series of
foundational inquiries: If such sophisticated behavior could emerge from game-
based engagement, why were these environments not acknowledged as legitimate
learning contexts? Might students be exhibiting cognitive and strategic competencies
that remained unrecognized within formal schooling frameworks? Could it be that
conventional definitions of intelligence and academic success were misaligned with
the realities of twenty-first-century learners? At the time, these reflections had not
yet coalesced into formal research questions. Instead, they emerged as a sense of peda-
gogical dissonance—a growing awareness that students were demonstrating resilience,
growth, and knowledge construction in informal settings, yet these learning signals
remained largely invisible to institutional metrics and assessment systems.

What followed was a self-initiated period of immersive fieldwork, during which the
author began engaging with digital gaming communities—exploring game forums, sub-
scribing to walkthrough creators on YouTube, and eventually participating in online
guilds. Through these experiences, it became evident that what was often labeled
as a gaming “subculture” functioned more accurately as a complex ecosystem of
informal apprenticeship, collaborative knowledge exchange, strategy refinement, and
iterative peer feedback. Players were not passive consumers of content; they actively
contributed by developing game modifications, creating community-generated
glossaries and ranking metrics, and upholding shared norms through self-regulated
codes of conduct. From an educational perspective, this participatory environment
bore striking resemblance to a living research laboratory or an open-source software
community—more akin to dynamic sites of knowledge production than to traditional
notions of recreational activity.

During this phase of engagement, informal interviews and diary-based observations
gradually evolved into a move structured qualitative inquiry. Many students enthusiasti-
cally shared their in-game learning experiences, often articulating them with a level
of specificity and metacognitive reflection that surpassed their typical classroom
discourse. One student described cultivating “situational awareness” through fast-
paced action gameplay—a skill involving real-time decision-making and spatial
orientation. Another reflected on learning the fundamentals of probability theory
by analyzing the odds embedded in gacha mechanics. A third noted that serving as
a guild leader offered more meaningful lessons in interpersonal communication and
conflict resolution than years of participating in school-based group projects. These
reflections highlighted not only the depth of cognitive engagement present in gam-
ing contexts, but also the potential for students to develop and articulate nuanced
understandings of their own learning processes—often in ways that elude traditional
educational assessments.

Despite these insights, institutional skepticism remained pronounced. Early efforts
to share these findings with colleagues and school administrators were frequently
met with doubt. One principal, in a tone of dismissal, asked, “Are you trying to turn
school into a game?”—a rhetorical question that, over time, evolved into a valuable
point of inquiry. This moment highlighted a deeper tension: the widespread assump-
tion that play and discipline are mutually exclusive, and that academic rigor must be
devoid of enjoyment or intrinsic motivation. These responses revealed the limitations
of prevailing educational paradigms, which often reduce games to instrumental tools
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for improving test performance. What became increasingly evident was the need for a
theoretical framework that recognized games as learning environments in their own right—
spaces that organically scaffold cognitive, social, and strategic forms of learning that
are frequently overlooked by conventional assessment systems.

The early phase of this research journey was marked by a sense of productive ambiva-
lence: an awareness that meaningful learning was occurring within gaming environments,
yet an absence of theoretical and institutional frameworks to adequately describe or legiti-
mige it. As a result, the inquiry unfolded through a mode best described as “learning
by following”—an ethnographically inspired approach rooted in close attention to
players’ discourses, practices, and cultural logics. It was only upon engaging with the
foundational work of Gee [5], Steinkuehler and Duncan [23], and Lave and Wenger
[20] that these previously disparate insights began to crystallize. Their frame-
works provided the necessary vocabulary and conceptual scaffolding to transform
observational reflections into a coherent research trajectory—one grounded in the
recognition of games as socially situated, culturally meaningful, and cognitively rich
learning ecologies.

In retrospect, this period was chavacterized less by the formulation of testable hypotheses
and more by an interpretive openness to the epistemic frameworks of those whose practices
had long been marginalized within conventional educational paradigms. It was through
sustained observation—watching students teach one another, iterate strategies,
and solve problems collaboratively in digital contexts—that the foundations of a
Community of Practice perspective began to emerge. Rather than originating from
abstract theorizing, this perspective was grounded in lived, moment-to-moment
interactions that revealed learning as a social, adaptive, and deeply contextual
process. The recognition that these players were already participating in legitimate
forms of learning—albeit in nontraditional modalities—marked not only a shift in the
author’s understanding, but the genuine starting point of a sustained inquiry into the
intersections of games, culture, and education.

2.2 Confronting three major research challenges

Researching games and learning in Taiwan has unfolded as both a personal and
professional journey—shaped initially by skepticism, challenged by institutional and
methodological obstacles, and ultimately transformed through sustained theoretical
engagement. Drawing from years of empirical interaction with player communities
and educational institutions, this section identifies and examines three recurring
problematics that have emerged throughout the research trajectory: the marginaliza-
tion of player knowledge, the institutional resistance to informal learning modalities,
and the conceptual tension between play and academic legitimacy [5, 27-29].

The vesearch journey was sparked by a deceptively simple yet theoretically generative
question: why do students exhibit such deep immersion in digital games and might this
immersion harbor meaningful learning processes? This inquiry did not emerge from
laboratory trials or abstract theorizing, but rather from field-based observations—
instances where students who appeared disengaged in formal classroom settings
became intensely focused, socially coordinated, and strategically agile within gaming
environments [7, 8, 22, 23]. In one notable case, a group of middle school students
displayed marked passivity during science lessons, yet demonstrated remarkable
coordination during cooperative gameplay. They tracked drop rates, logged in-game
coordinates, and collaboratively refined strategies via mobile chat platforms. This
behavioral bifurcation—passive in class, expert in play—raised a pressing empirical
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question: were game environments activating forms of cognition or intelligence
unrecognized by traditional schooling? These early observations set the stage for a
deeper inquiry into how such learning might be systematically identified, articulated,
and theorized within broader educational frameworks.

One of the earliest and most persistent barriers in this vesearch trajectory was the
absence of established academic frameworks within which to meaningfully situate game-
based learning in the Taiwanese context. As Lin [27] has observed, digital game research
in Taiwan has historically faced challenges akin to those experienced by early gender
studies—not in subject matter, but in its lack of academic legitimacy, underdeveloped
conceptual tools, and peripheral status within mainstream educational discourse. This
theoretical vacuum produced two problematic tendencies. First, there was an over-
reliance on imported psychological and cognitive-behavioral models—frameworks
that often individualized learning outcomes while neglecting the cultural, social, and
communal dimensions of gameplay. Second, games were frequently mischaracterized
as mere instructional tools, thereby flattening their complex cultural, esthetic, and
participatory qualities. Compared to STEM disciplines—where theoretical and meth-
odological scaffolding is robust and institutionalized—educational game research
remained epistemologically nascent, lacking both shared analytical vocabularies and
the academic legitimacy required for inclusion in mainstream journals or policy
discussions [6, 28, 30, 31].

The second major challenge was methodological in nature: conducting vesearch on
players necessitates a high level of familiarity with the linguistic conventions, procedural
logic, and cultural practices that characterize gaming environments—dimensions often
overlooked or unfamiliar to many educational researchers. Without sustained, insider-
level participation in gaming communities, it becomes difficult to meaningfully
interpret in-game behaviors, evolving social norms, or emergent literacies [5, 35, 36].
Early fieldwork included observations in after-school programs and esports clubs,
but these encounters soon revealed the limitations of surface-level ethnography. For
instance, observing a group of high school students collaboratively develop macro-
scripts for an MMORPG highlighted more than just technical proficiency—it revealed
complex acts of collaborative problem-solving, ethical negotiation, and rhetorical
positioning, as students debated whether their actions constituted cheating or cre-
ative innovation. Traditional research instruments—such as rubrics, surveys, or pre/
post comprehension tests—were poorly equipped to capture these multidimensional
learning processes. The field called for methodological tools capable of tracing proce-
dural reasoning, symbolic literacy, community-driven ethical reasoning, and affective
labor—forms of knowledge production that remain largely invisible within standard
educational evaluation frameworks.

The third key challenge emerged at the level of theory. Dominant paradigms in educa-
tional research have traditionally prioritized linear models of instruction, fixed curricu-
lar sequences, and standardized assessment metrics—a stark contrast to the nonlinear,
exploratory, and feedback-driven dynamics that define gameplay [7, 32, 33, 37].
Game-based communities operate more like participatory knowledge ecologies, where
learning unfolds through trial-and-error, mutual scaffolding, and peer-to-peer interac-
tion, rather than through hierarchical transmission. This theoretical tension became
especially salient when the researcher attempted to map conventional outcome frame-
works—such as Bloom’s taxonomy or the SOLO taxonomy—onto player practices like
theory crafting (systematic strategy development in complex games) or collaboratively
designing game rules in sandbox environments like Minecraft. These practices involve
high levels of abstraction, creativity, and negotiation, yet they fall outside traditional
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metrics of academic success. As exemplified by the Foldit project [24], gaming com-
munities are capable of generating significant scientific insights through collaborative
play. However, such cases remain marginal within mainstream educational discourse—
particularly in contexts such as East Asia, where didactic instruction and high-stakes
testing continue to shape dominant definitions of educational value.

Beyond academic frameworks, public discourse in Taiwan also presented cultural
challenges. Media portrayals often pathologized gaming, associating it with addic-
tion or youth delinquency [11, 38, 39]. In one memorable television roundtable, a
school principal equated gaming with “intellectual decay,” prompting the researcher
to reflect on the moral panic narratives surrounding youth digital practices. These
narratives marginalized not only gamers but researchers attempting to study them.
At the policy level, digital games were often discussed under the umbrella of men-
tal health, rather than cultural literacy or civic participation. Formal schooling
remained largely skeptical of games, reinforcing dichotomies between leisure and
learning. Yet paradoxically, many of the same institutions adopted gamified edu-
cational platforms without acknowledging the deeper literacies cultivated through
authentic gameplay.

Eventually, the author’ research encountered a conceptual breakthrough through the
Community of Practice (CoP) framework, introduced by Lave and Wenger [20] and later
expanded by Wenger [21]. CoP offered a powerful vocabulary to explain emergent,
situated learning outside of formal instruction [20, 21, 40, 41]. Rather than seeing
learning as content transfer, CoP emphasized identity, practice, and participation.
Through this lens, the researcher was able to interpret players’ activities—such as the
negotiation of tactics, the compilation of guides, and the role modeling of veteran
players—as forms of enculturation into a knowledge community. In one case study,
Pokémon Go players in Taiwan collaboratively mapped spawn zones using publicly
editable Google Sheets, developing an entire lexicon of symbols and strategies. These
practices not only mirrored scientific methods (hypothesis formation and data
triangulation) but also fulfilled CoP’s criteria for mutual engagement and shared
repertoire.

This reconceptualization also changed the methodological posture of the researcher.
Rather than evaluating from a distance, the vole shifted toward participant-observation
and co-inquiry [42-45]. Digital ethnography, discourse analysis, and microethno-
graphic approaches became key tools in capturing the nuanced, tacit knowledge
practices of gamers. For example, by joining private Discord servers and partici-
pating in voice-chat raids, the researcher was able to observe real-time decision-
making, linguistic improvisation, and social bonding—phenomena nearly invisible
in survey-based approaches. These methods allowed access to learning processes as
they unfolded organically, aligned with what Thomas and Brown [7] described as a
“new culture of learning.” Such research also acknowledged the legitimacy of player
epistemologies—logics rooted in experimentation, social coordination, and adaptive
creativity.

Ultimately, the research journey mapped in this chapter reflects a transition from
externally imposed assessment models to a framework grounded in sociocultural insight
and learner agency. By embedding learning within Communities of Practice,
researchers can better capture the richness of game-based learning environments
[5, 21, 28, 46]. This perspective not only revalues the intellectual labor of players but
also invites educators and policymakers to rethink where and how powerful learning
takes place.
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2.3 Local constraints in Taiwan’s academic and cultural contexts

Taiwan’s educational and research landscape presents additional hurdles that are not
solely epistemological or methodological, but deeply cultural and institutional. These
challenges are embedded in dominant value systems, public discourse, policy frame-
works, and the disciplinary boundaries of academia itself. In this section, we examine
three interrelated domains where local constraints shape the possibilities for conduct-
ing and legitimizing research on games and learning: the conservatism of Taiwan’s
education system, the marginalization of ACG (anime, comics, and games) culture
within scholarly discourse, and the absence of institutionalized recognition for games
as a valid subject of inquiry.

First, Taiwan’s formal education system remains largely conservative in its pedagogical
assumptions and learning objectives. Curricula emphasize test preparation, standard-
ization, and the cultivation of “correct” forms of knowledge, leaving little room for
experimentation, ambiguity, or informal inquiry. This rigidity is mirrored in the
structure of teacher training programs and the incentive mechanisms that reward
measurable outcomes over creative risk-taking. As a result, research proposals that
focus on playful learning, emergent literacies, or affective learning environments are
often dismissed as lacking rigor. Within such a context, proposing research on games
not as tools but as sites of cultural production and learning communities tends to
trigger institutional skepticism, if not outright rejection.

Furthermore, the influence of Confucian educational ideals—vespect for authority,
emphasis on rote memorization, and reverence for textual traditions—has contributed
to the valorization of formal schooling and the stigmatization of informal or recre-
ational activities. Game-related behaviors are frequently described in public discourse
using deficit language, as in terms like “addiction,” “waste of time,” or “moral hazard.”
These narratives are reinforced through media representation, policy debates, and
even textbook portrayals, making it difficult to advocate for game-based research
without first justifying its moral and developmental legitimacy.

Second, within Taiwan’s academic structures, ACG culture remains largely marginal-
ized. While some interdisciplinary programs and cultural studies departments have
begun to recognize the importance of digital youth cultures, most mainstream educa-
tion and psychology departments treat ACG content as peripheral or frivolous. The
lack of dedicated academic journals, conferences, or institutional funding streams
focused on game research reflects a structural invisibility. Moreover, researchers who
engage seriously with game studies often find themselves positioned awkwardly—too
technical for cultural studies, too cultural for cognitive science, and too playful for
education. This epistemic displacement discourages early-career scholars from enter-
ing the field, perpetuating a cycle of underdevelopment.

An illustrative example concerns the limited availability of explicitly game-related
categories in major national funding programs such as those administered by the National
Science and Technology Council (NSTC) or the Ministry of Education. While funding
mechanisms increasingly acknowledge the role of digital tools in education, proposals
focusing on games—particularly those involving popular or commercial titles—are
often redirected toward general digital learning or media literacy categories [47].
This redirection typically favors research that emphasizes educational design over
cultural exploration. As such, projects aiming to use games designed by research-
ers for educational purposes are more readily accepted, particularly when they are
accompanied by clear curricular ties and outcome assessments. However, proposals
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referencing broader forms of gameplay, including community-driven or fan-gener-
ated practices, still face difficulty receiving recognition due to perceived ambiguity
about their academic relevance or developmental contribution. In university review
contexts, publications tied to formal educational applications of games—such as seri-
ous games or gamified assessments—tend to receive more institutional support than
those focusing on critical studies or ethnographic observation of commercial gaming
environments. This pattern underscores the importance of aligning research agendas
with educational policy priorities while also advocating for broader recognition of
diverse forms of learning associated with digital play.

Third, the lack of an established research ecosystem around games leads to a scarcity of
methodological and conceptual precedents that future vesearchers can follow. Unlike areas
such as reading comprehension or STEM education, where canonical texts, tested
instruments, and widely accepted frameworks exist, game-based research in Taiwan
often begins from scratch. Scholars must invent new coding schemes, adapt models
from unrelated disciplines, or work in relative isolation due to the paucity of local
mentors and institutional support networks. This “epistemic solitude” makes longitu-
dinal or programmatic research difficult to sustain.

Moreover, ethical review boards (IRBs) are not always equipped to assess studies
involving online game communities, especially those involving pseudonymous participants,
cross-border interactions, or data drawn from commercial platforms. Without clear prec-
edents or guidelines, researchers risk either over-restricting their designs or facing
administrative delays that can derail time-sensitive fieldwork.

In summary, the constraints facing game-based vesearch in Taiwan are multifaceted.
They include cultural attitudes that equate games with deviance, institutional struc-
tures that marginalize ACG content, and infrastructural absences that hinder sustain-
able inquiry. Overcoming these barriers requires not only theoretical innovation and
methodological adaptation, but also active efforts to shift the discursive and policy
terrain in which research on games and learning is embedded.

2.4 Reframing the research agenda: From outcome evaluation to
community-centered inquiry

Faced with these cultural and institutional challenges, the author gradually
shifted focus from evaluating games solely as instructional tools to understanding
the broader learning ecologies in which players operate. This turn was shaped by
both necessity and insight: necessity, because conventional evaluation frameworks
failed to accommodate the sociocultural richness of gaming communities; and
insight, because theoretical tools from situated learning revealed that players were
not merely recipients of content but active constructors of meaning within social
contexts.

Initially, research efforts were aimed at determining whether games could improve
test scores or deliver measurable learning outcomes—an approach that aligned with
dominant paradigms in education. However, field observations consistently demon-
strated that players engaged in collaborative problem-solving, self-directed learning,
and critical reflection in ways that traditional tests could not capture. These insights
led to a pivot away from outcome-driven evaluation toward a focus on competencies,
literacies, and community practices.

The adoption of the Community of Practice (CoP) framework [20] provided a
conceptual foundation for this shift. CoP reframed learning as participation in mean-
ingful social practice, not merely the internalization of knowledge. Through this lens,

130



A Brief Discussion on Research Experiences in Games and Learning: A Predecessor...
DOI: http://dx.doi.org/10.5772/intechopen.1011774

guilds, forums, Discord servers, and even walkthrough collaborations could be seen
as sites of apprenticeship, negotiation, and shared meaning-making. This perspective
legitimized player knowledge not only as valid but as valuable for understanding new
modes of learning in the digital age.

Fieldwork with Pokémon Go communities further solidified this perspective.
Players self-organized mapping initiatives, co-authored strategy guides, and con-
ducted informal experiments to test game mechanics. These activities reflected forms
of inquiry, argumentation, and revision consistent with academic knowledge prac-
tices—albeit outside institutional boundaries. What began as casual ethnographic
observation evolved into a structured inquiry into how player communities func-
tioned as decentralized learning networks.

By focusing on the ways players articulate problems, construct solutions, and
distribute expertise, the research began to emphasize “learning in the wild” rather
than “learning in the lab.” This shift also altered data collection methods. Surveys
and rubrics gave way to discourse analysis, trace ethnography, and microanalytic
studies of in-game interaction. Interviews focused less on content recall and more on
decision-making strategies, peer feedback loops, and the language of coordination.

The implications of this shift extended beyond research design. It challenged
the very assumptions underpinning educational innovation. Instead of asking how
games could be aligned to preexisting curriculum standards, the question became
how schooling could adapt to recognize and scaffold the kinds of learning that already
occurred in game communities. This reframing opened up new directions for curricu-
lum design, teacher professional development, and assessment reform.

Ultimately, the author’s research agenda was reoriented: not toward legitimizing
games through conventional educational measures, but toward reconceptual-
izing what counts as learning. This shift not only aligned with global trends in
learning sciences but also responded to the specific cultural, institutional, and
epistemic conditions of the Taiwanese context. In this way, the research trajectory
moved from a question of whether games “work” to an exploration of how players
work—and what educators might learn from them. It is important to foreground
the cultural specificity of these constraints. Game research is not simply a matter
of importing Western paradigms or validating games as educational media—it
requires grappling with local ideologies, institutional inertia, and scholarly hier-
archies. These constraints are not merely obstacles, but structural conditions that
shape what can be known, said, and legitimized in the field of games and learning
in Taiwan.

3. Connecting theory and practice
3.1 Theoretical demands emerging from empirical disruptions

The transition from field-based observations to theoretical refinement began not
from a deliberate search for novelty, but from persistent friction between empiri-
cal encounters and conceptual adequacy. As the previous chapter documented, the
learning behaviors exhibited by players—collaborative experimentation, sustained
engagement, iterative adaptation—frequently defied categorization within the
frameworks most commonly used in educational research. Rubrics designed for
classroom behavior or content mastery often failed to recognize the knowledge forms
and competencies demonstrated in digital play contexts.
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The discomfort grew especially pronounced when attempting to explain how
players, acting outside of formal instruction, developed and shared knowledge across
distributed networks. In cooperative games and online communities, players not only
solved problems together but also negotiated roles, debated strategies, and archived
community knowledge. These were not isolated performances of skill but embedded
practices within social settings. Traditional theories such as behaviorism or even
constructivism offered limited vocabulary to address these participatory dynamics.

What was needed was a theory of learning that treated knowledge not as an object
to be acquired, but as a process situated in activity and interaction. This perspective
had to recognize that learning emerges through doing, with others, in contexts where
shared goals and mutual accountability are continuously negotiated. It also needed to
accommodate the fluid and emergent nature of learning in player-driven contexts—
where authority is distributed, and knowledge is often experimental or provisional.

The Community of Practice (CoP) framework, initially articulated by Lave and
Wenger [20], entered the scene not as a perfect fit but as a promising lens through
which to reframe the phenomena being observed. CoP theorizes learning as social
participation, where individuals become members of a community through legitimate
peripheral participation and gradually move toward fuller forms of engagement.
Learning here is not an outcome but a trajectory—a process of identity formation
within a context of shared practice.

Applying this theory to player communities suggested a radical reframing: from
evaluating games as instructional tools to understanding games as cultural infra-
structures that host communities of learning. This theoretical shift did not negate
earlier insights about content acquisition or skill development but placed them
within a broader ecology of practice. CoP allowed for the recognition that players
do not merely absorb knowledge—they produce, refine, and circulate it in ways that
resemble apprenticeship, peer mentoring, and collaborative inquiry.

In this chapter, we trace how this conceptual shift unfolded and how the
Community of Practice framework offers a structured way to account for the infor-
mal, fluid, and socially situated learning that occurs in game-based communities.
Rather than retrofitting player behavior into existing learning taxonomies, the
chapter argues for adopting a framework that already speaks to the lived logic of
participation, practice, and community formation in digital play spaces.

3.2 Core concepts of the community of practice framework

To understand how Communities of Practice (CoP) can serve as an analytic tool
for game-based learning, it is essential to first unpack its foundational elements.
According to Lave and Wenger [20], and later expanded upon by Wenger [21], a CoP
is defined by three interdependent components: mutual engagement, joint enterprise,
and shared repertoire. These are not merely structural categories, but dynamic
processes through which social learning unfolds.

Mutual Engagement refers to the social interactions that bind members together in
sustained activity. In a CoP, participation is not incidental or superficial; it is continu-
ous, responsive, and anchored in practice. Members negotiate roles, resolve conflicts,
and build trust through repeated engagement. In gaming contexts, this may be seen in
players forming guilds, participating in raids, or moderating forums—spaces where
identity and knowledge are co-constructed over time.

Joint Enterprise highlights the shared goals and negotiated commitments that give
a community coherence. Unlike formal curricula, joint enterprises emerge organically
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and are shaped by the participants themselves. In game communities, this often takes
the form of co-developing strategies, optimizing performance metrics, or completing
collaborative challenges. Importantly, these goals are rarely fixed; they evolve through
the actions and dialogs of the group, reflecting both internal diversity and external
contingencies.

Shared Repertoire encompasses the communal resources—tools, language,
routines, symbols, narratives—that develop over time within a community. These
artifacts do more than support communication; they embody the history and ethos of
the community. In gaming CoPs, shared repertoire includes everything from memes
and in-jokes to walkthroughs, spreadsheets, and modding scripts. Such materials are
not neutral but are actively shaped by and reflective of the community’s values and
problem-solving approaches.

Together, these three elements articulate a view of learning that is collaborative,
situated, and deeply cultural. They also emphasize that belonging and identity forma-
tion are central to knowledge acquisition—a critical insight for game-based learning,
where players often learn not from instruction but through doing, observing, and
iterating within a community.

Understanding these core concepts equips us to ask richer questions: What kinds
of participation count as legitimate in a gaming community? How are newcomers
socialized into complex practices? What role do artifacts play in transmitting shared
meaning? These inquiries, grounded in the CoP framework, provide a vocabulary to
interpret the practices and pedagogies emerging organically within gaming cultures.

3.3 Why gaming communities exemplify communities of practice?

With the three core dimensions of CoP—mutual engagement, joint enterprise,
and shared repertoire—clearly defined, we can now examine why gaming communi-
ties so vividly exemplify these characteristics. In digital game spaces, particularly
those that support persistent, collaborative play, players organize themselves in ways
that closely mirror the mechanics of a learning community. Rather than passively
receiving instruction, players actively co-construct meaning, norms, and knowledge
through continuous interaction and situated participation.

In terms of mutual engagement, gaming communities offer sustained interaction
structures that promote coordination, dialog, and interpersonal accountability. This
can be seen most clearly in guilds and teams that collaborate over time, developing
shared rituals and conflict resolution practices. For example, in games like World of
Warcraft or Destiny 2, players must coordinate real-time raids requiring finely-tuned
communication and responsiveness. These environments cultivate not just strategic
thinking but also trust, reputation, and peer validation—the very social dynamics
that define engagement in a CoP.

Joint enterprise becomes evident in the way players align around shared objec-
tives, whether defeating a boss, solving a puzzle, or climbing a competitive ladder.
Importantly, these goals are not externally imposed by curriculum designers but
negotiated within the community. Players set challenges, experiment with strategies,
and adapt to shifting game mechanics together. In many cases, players must also
reconcile different playstyles, motivations, and skill levels, fostering a sense of mutual
accountability.

Shared repertoire in gaming is both deep and diverse. Veteran players develop,
curate, and circulate walkthroughs, toolkits, glossaries, macros, and even fan-made
visualizations that become foundational knowledge within a community. These
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resources are not static; they evolve through commentary, remixing, and reinterpreta-
tion. On forums and Discord channels, terms such as “meta,” “aggro,” or “nerf” serve
as shorthand for complex strategic or narrative constructs. Over time, such terms
gain specific cultural meanings that reinforce the community’s identity and learning
trajectory.

A particularly illustrative example is the Pokémon Go player community in
Taiwan. Following the game’s launch, local players rapidly began organizing knowl-
edge-sharing practices, including community mapping of PokéStops, raid scheduling,
and analysis of spawn patterns. Players contributed to shared Google Sheets or LINE
groups where real-time updates and field observations were exchanged. These were
not just information repositories but living documents shaped by user interaction and
sustained trust. Novices were gradually integrated into these communities through
mentorship and peripheral participation, echoing the CoP concept of identity devel-
opment through practice.

Moreover, these communities extended beyond gameplay. Events like
“Community Day” became opportunities for in-person gathering, reinforcing bonds
formed online and creating hybrid participation structures that bridged digital and
physical worlds. This blending of modalities—online strategy refinement and offline
socialization—highlighted the community’s capacity to cultivate long-term engage-
ment and cultural continuity.

In sum, the practices of game players—particularly within well-established gam-
ing communities—consistently exhibit the structural and functional characteristics
of CoPs. Players do not just consume content; they co-create meaning, negotiate
values, and recursively build upon shared practices. Recognizing this alignment
opens up rich analytic possibilities: we can move from asking “what do players learn?”
to exploring “how do gaming communities learn, adapt, and transmit knowledge
together?” It also foregrounds the necessity of valuing these communities as sites of
legitimate, dynamic, and culturally situated learning.

3.4 Potentials and limitations of CoP as an analytical framework for game-based
learning

The adoption of the Community of Practice (CoP) framework for analyzing
game-based learning brings with it a number of compelling strengths. First and
foremost, CoP excels in making visible the informal, socially situated nature of
learning that often occurs in gaming environments. Unlike traditional educational
theories that prioritize instruction, CoP allows researchers to focus on participation,
identity development, and the evolving norms of communal knowledge production.
This perspective is particularly valuable for understanding how players acquire skills,
refine strategies, and develop shared vocabularies—not through explicit teaching, but
through immersion in collective practice.

Another strength lies in CoP’s ability to trace learning trajectories over time. In
many gaming communities, newcomers enter at the periphery, observing, mimick-
ing, and gradually contributing. Over time, they become core members who create
content, mentor others, and shape the group’s direction. This dynamic process maps
closely onto CoP’s concept of legitimate peripheral participation, providing a robust
language for describing informal onboarding processes that are often difficult to
capture using conventional assessments.

Furthermore, CoP provides a flexible structure for examining learning across
contexts. It bridges online and offline practices, enabling researchers to understand
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how knowledge flows between game sessions, forum discussions, and real-world
applications. For example, a player’s experience coordinating a raid team may later
inform their approach to project management in academic or workplace settings.
This transfer of competencies—though often implicit—becomes more legible when
viewed through the CoP lens.

Despite these advantages, there are notable limitations to the CoP framework. One
major challenge lies in operationalization. Because CoP is a largely qualitative and
interpretive model, it can be difficult to translate its concepts into measurable indica-
tors for large-scale studies or formal evaluation frameworks. Terms like “mutual
engagement” or “shared repertoire” resist simplification and are often context-
dependent, requiring prolonged immersion and ethnographic sensitivity from the
researcher.

Additionally, CoP’s emphasis on stability and coherence within communities can
obscure more transient, fluid, or fragmented forms of engagement. Many contem-
porary game communities are not tightly bounded but are instead loosely connected
networks with porous borders. Players may participate in multiple guilds, hop
between platforms, or engage intermittently based on shifting motivations. In such
cases, the coherence assumed in traditional CoP models may not hold, and alternative
models like “communities of interest” or “affinity spaces” may be needed to comple-
ment the analysis.

Finally, CoP tends to foreground collaboration and shared purpose, potentially
underplaying competition, exclusion, or conflict—dynamics that are certainly
present in many gaming spaces. Not all learning in games is cooperative; some of it
emerges from rivalry, resistance, or even toxic interactions. A comprehensive analysis
must therefore be sensitive to the affective and political dimensions of participation,
which may complicate the tidy narratives often associated with CoP.

In sum, while the Community of Practice framework offers a powerful lens for
understanding many aspects of learning in games, it should be applied critically
and, where necessary, in dialog with other frameworks. Its true strength lies not in
providing definitive answers, but in opening up new questions about how knowledge,
identity, and community are co-constructed in the evolving ecologies of play.

3.5 Conclusion: From practice to competence

This chapter has outlined how the Community of Practice framework offers a
compelling lens through which to interpret the learning processes embedded in gam-
ing communities. By shifting the analytic focus from isolated learning outcomes to
socially situated participation, CoP allows us to see game players not simply as users
of content, but as contributors to dynamic, evolving systems of knowledge produc-
tion. Through mutual engagement, shared goals, and evolving repertoires, players
build not only strategic expertise, but also social identities and collective meaning.

Yet recognizing games as Communities of Practice is only a first step. If we are
to treat these communities as legitimate learning environments, we must also ask:
what exactly are players learning? What kinds of competencies emerge through their
sustained participation? And how might we begin to name, classify, and critically
examine these capacities—not only for academic recognition, but to inform educa-
tional practice?

These questions form the foundation for the next chapter. Moving from a socio-
cultural analysis of community dynamics, Chapter 4 turns toward the learners
themselves: the players. It explores the concept of latent gaming intelligences and
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introduces a framework for articulating the diverse competencies that players develop
in and through gameplay. By anchoring this inquiry in both theory and empirical
observation, we continue the work of translating lived player experience into schol-
arly understanding and pedagogical insight.

4. Player competencies and latent gaming intelligences
4.1 Defining player competencies and latent gaming intelligences

As the previous chapter established, gaming communities function not only as
social groups but also as dynamic learning environments. If we take seriously the idea
that players engage in sustained, meaningful participation within these communities,
then the next logical step is to ask: what kinds of competencies do players actually
develop through gameplay? And why have these competencies remained largely invis-
ible or undervalued in traditional educational discourse?

The term player competencies refer to the observable skills, dispositions, and
patterns of thinking that emerge through regular participation in digital play. These
include but are not limited to: resource management, probabilistic reasoning, col-
laborative coordination, adaptive planning, and real-time decision-making. However,
these competencies are often encoded in game-specific languages and embedded
within informal practices, making them difficult to isolate or quantify using standard
educational tools.

To capture the less visible dimensions of this learning, we introduce the concept
of latent gaming intelligences—a term that highlights the often-overlooked forms of
expertise cultivated in gaming contexts. “Latent” here does not imply dormant or
undeveloped, but rather invisible to institutional recognition. These intelligences may
manifest in how players navigate uncertainty, construct complex mental models of
evolving systems, or interpret ambiguous social cues in multiplayer environments.

In many cases, these cognitive and affective capacities far exceed what is typically
expected of students in formal settings, yet they remain unacknowledged because
they do not map neatly onto traditional assessment metrics.

The disconnect between what players know and what schools recognize is not
merely a measurement issue—it is a conceptual gap. Much of education remains fix-
ated on curricular content and discipline-bound outcomes, whereas gaming contexts
foster transversal capacities that cut across domains: literacy and numeracy appear
alongside social negotiation, emotional regulation, and creative improvisation.
Moreover, the culture of formal education continues to privilege “serious” learning
over play, reinforcing the idea that valuable knowledge must be difficult, teacher-
delivered, and externally verified.

This chapter begins by challenging those assumptions. By naming and theoriz-
ing player competencies and latent gaming intelligences, we seek to reposition
the player not as a passive consumer of entertainment but as an agentive learner
operating within complex socio-technical systems. This reframing is essential not
only for research purposes, but also for broader educational reform. If schooling
is to remain relevant in a world saturated with interactive media, it must learn to
recognize, validate, and even integrate the kinds of learning that happen outside
its boundaries.

In the sections that follow, we analyze empirical examples that illustrate how
these competencies take shape in practice. Through these cases, we also begin to build
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a language for describing what has long been dismissed as “just play”—revealing
instead a rich terrain of cognitive, social, and cultural development that deserves a
place in serious educational conversations.

4.2 Case illustrations: Pokémon go and the re-gamification of educational
platforms

To move from abstraction to evidence, this section examines two concrete cases
where player competencies and latent gaming intelligences can be meaningfully
observed: the self-organized knowledge practices of Pokémon Go communities [10],
and the re-gamification behaviors demonstrated by elementary school students on
an educational gaming platform [12]. These cases not only exemplify how players
engage in meaningful, self-directed learning, but also illustrate how such learning
often arises beyond the boundaries of formal instruction and outside the visibility of
traditional assessment.

4.2.1 Case 1: Knowledge co-creation in the Pokémon go community

Following the release of Pokémon Go in 2016, a wave of informal research prac-
tices emerged from within the player base. In Taiwan, as in many parts of the world,
local communities of players rapidly formed around objectives such as mapping
PokéStops, optimizing route efficiency, analyzing spawn algorithms, and scheduling
coordinated raids. What is notable is not only the technical precision of these prac-
tices, but the collaborative ethos that supported them [10].

Players contributed observations to shared Google Sheets, developed heatmaps
for spawn frequency, and even devised informal experiments to verify or refute game
mechanics rumored in online forums. In this process, players collectively constructed
a shared epistemology: data were tested, debated, and validated through social
feedback loops. These behaviors mirror practices found in scientific communities—
hypothesis formation, peer review, and iterative revision—but without institutional
scaffolding.

Competencies surfaced in every layer of this activity: spatial reasoning, probabi-
listic estimation, ethical coordination, and linguistic innovation. More importantly,
these acts of participation built identity: novices became contributors, and contribu-
tors became respected community figures. This trajectory of participation closely
aligns with CoP theory, but here it is shown to also nurture cognitive and strategic
development.

4.2.2 Case 2: Re-gamification practices in educational platforms

In contrast to Pokémon Go, which is a commercial entertainment product, the
second case looks at a formal educational setting. In a longitudinal study conducted in
Taiwanese elementary classrooms using a gamified learning platform, a curious pattern
emerged. While the platform itself was designed to be engaging, many students quickly
exhausted the “intended” game and began modifying their interactions with it [12].

Students created self-imposed challenges, such as completing tasks with stricter
time constraints, solving problems in reverse order, or inventing new storylines to
overlay the existing mechanics. Some even began developing new rules for their
peers to follow, effectively transforming a closed system into an open-ended one.

This process, referred to here as “re-gamification,” demonstrates how learners, when
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sufficiently fluent in the logic of games, begin to reshape game environments to suit
their own motivations and intellectual curiosities.

In these classrooms, competencies revealed themselves not through quiz scores but
through behaviors: designing feedback systems, coordinating group play, adapting
content, and facilitating peer learning. Latent intelligences such as narrative construc-
tion, task design, and group management surfaced—none of which were officially
recognized by the platform or measured by the curriculum.

4.2.3 Synthesis across cases

What unites these two cases is the presence of intentional, reflective, and
community-embedded action. Players and students alike demonstrated the capacity
to engage in metacognitive play: thinking about how the system works, how it could
work differently, and how to communicate those possibilities to others. These are not
merely technical skills, but epistemic dispositions—ways of knowing, organizing, and
contributing that align closely with the notion of “learning as participation” rather
than “learning as acquisition.”

Both cases also challenge dominant narratives in education. In Pokémon Go, what
appears to be distraction becomes informal science [10]. In the classroom, what was
designed as a learning game becomes a platform for design [4, 12]. In both contexts,
the learners exceeded the pedagogical expectations of the system, producing new
forms of play that were also new forms of learning.

4.3 Why these competencies matter?

Having examined the kinds of competencies and intelligences players exhibit
across different game-based contexts, a key question remains: why should these
abilities matter to educators, policymakers, and researchers? What is gained by
recognizing the learning that occurs in these informal spaces—and what is lost when
we ignore it?

First, many of the competencies observed in gaming communities align closely
with the kinds of skills increasingly emphasized in contemporary education policy
frameworks. For instance, Taiwan’s 12-Year Basic Education Curriculum promotes a
“competency-based” vision that values problem-solving, communication, creativity,
and self-directed learning—abilities that, as this chapter has shown, emerge organi-
cally in game-based contexts. In fact, these frameworks often articulate desired
outcomes (such as collaboration or adaptability) that players already demonstrate,
albeit in ways that are unrecognized by traditional classroom assessments.

Second, by validating player competencies, we broaden the scope of what counts
as legitimate learning. Much of the tension in educational reform stems from a
mismatch between the diversity of learner experiences and the narrowness of institu-
tional recognition. When students’ mastery of strategic thinking, peer coordination,
or real-time decision-making is invisible within school metrics, it not only distorts
our understanding of what they know—it also alienates them from the learning
process. Recognizing these capabilities helps reengage learners who may feel margin-
alized by conventional academic structures.

Third, acknowledging these competencies opens up new possibilities for instruc-
tional design and curriculum development. If educators accept that learners can
exhibit advanced forms of reasoning and collaboration through gameplay, they might
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begin to design learning environments that emulate some of these dynamics. This
does not mean turning every classroom into a game, but rather learning from what
games do well: structuring feedback loops, enabling role flexibility, fostering collec-
tive knowledge construction, and allowing failure without stigma. Such principles
can enrich both formal and informal learning environments.

Fourth, recognizing player competencies supports a more equitable understand-
ing of intelligence. Traditional schooling tends to privilege linguistic and logical-
mathematical forms of intelligence, while undervaluing spatial, interpersonal, or
adaptive capacities. Yet games often reward exactly those undervalued dimensions:
the player who can tactically position allies, mediate a team conflict, or troubleshoot
a failing system in real time is often exhibiting forms of intelligence that go unnoticed
in standard testing. By recognizing these as legitimate ways of knowing and contrib-
uting, educators can support a more inclusive vision of student potential.

Finally, this recognition is not just about individual growth—it also speaks to civic
and cultural participation. Today’s learners are not just future workers or test-takers;
they are also citizens who must navigate complex, networked systems. Game-based
learning offers authentic practice in doing just that. When players coordinate raids
across time zones, balance competing incentives in virtual economies, or build shared
repositories of strategic knowledge, they are rehearsing the kinds of systems thinking
and collaborative problem-solving required in public life. These competencies are not
extracurricular—they are essential.

In sum, valuing the competencies that emerge from game-based participation is
not an indulgence or a detour from serious education. It is a necessary step toward
recognizing where and how learning truly happens in the twenty-first century. As
we look to the future of education, the challenge is not merely to integrate games into
classrooms, but to understand and incorporate the profound learning that already
takes place in gaming worlds.

4.4 Naming the invisible, valuing the informal

This chapter has argued that the competencies players develop in digital gaming
contexts are both real and educationally significant—even if they remain largely
invisible within traditional assessment systems. By introducing the concept of latent
gaming intelligences and illustrating their presence through empirical cases, we have
taken a step toward rearticulating what counts as learning in a world shaped by play,
networks, and Communities of Practice.

These competencies—ranging from coordination and strategy to creativity and
systems thinking—are not marginal or trivial. They are cultivated through active
participation, reflective practice, and collaborative meaning-making. In other words,
they are learned, and they matter.

More importantly, recognizing these capacities helps us build a bridge between
formal and informal education, between what students do inside schools and what
they achieve in the cultures that matter to them. It offers educators a way to validate,
connect, and expand learning beyond the classroom. It also invites researchers to
attend to the practices that emerge not from curricula, but from participation.

As we move to Chapter 5, the challenge shifts from identifying these competencies
to building a framework capable of analyzing them systematically. The next chapter
explores the construction of an analytical model that maps player behaviors and learn-
ing dispositions across multiple domains—making it possible not only to describe, but
also to study, compare, and eventually support the diverse ways in which players learn.
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5. Applying analytical frameworks and research methodologies
5.1 From observations to systematic categorization: Why a framework is needed

The preceding chapters have explored the conceptual shift from viewing gameplay
as entertainment to recognizing it as a domain of meaningful learning. We have seen
how Communities of Practice form around shared play, how competencies are devel-
oped and expressed, and how these forms of knowledge often remain latent—unrec-
ognized by formal institutions [5, 12, 21]. What remains is the task of constructing a
research framework that makes these learning processes more visible, interpretable,
and comparable.

This chapter begins by addressing a core methodological question: how can
researchers systematically identify and categorize the diverse competencies that
emerge from gameplay? While qualitative fieldwork and ethnographic observa-
tion offer deep insights into player practices [42, 43], they often lack the structural
scaffolding needed to generalize findings or communicate them across disciplines.

To move from richly contextual description to analytical clarity, a framework is
needed—one that can map the range of player behaviors without reducing them to
decontextualized skills.

The absence of such a framework is part of the reason why research on game-
based learning remains fragmented. Studies often focus on isolated effects—such as
whether a particular game improves memory retention or critical thinking—while
overlooking the broader ecologies in which learning occurs [13, 48]. Without a
coherent structure for comparing different types of player engagement—across solo
or team-based settings, consuming or producing activities—researchers are left with
anecdotal insights that are difficult to translate into pedagogical or theoretical models.

Thus, the primary objective of this chapter is to introduce and justify an analytical
tool that can bridge this gap. Drawing on prior case studies and grounded theoretical
synthesis, the chapter presents a two-axis model that classifies player behaviors along
the dimensions of agency (individual vs. collective) and activity mode (consump-
tion vs. production). This model, referred to as the Player Competency Quadrant
Framework (PCQF), serves both as a heuristic for analyzing gameplay-based learning
and as a scaffold for designing future studies.

In the sections that follow, we first outline the process by which the framework
was constructed—through systematic literature review and qualitative coding—and
then demonstrate how it can be applied to real-world data. Through this model,
we aim to provide not only a language for describing how players learn, but also a
structure for asking better research questions about what learning through games can
mean in diverse educational contexts.

5.2 Constructing the player competency quadrant framework

To move beyond isolated case studies and toward a comparative, scalable mode of
inquiry, this chapter proposes an analytical framework that categorizes player compe-
tencies across two intersecting dimensions: one that distinguishes between individual
and team-based action, and another that differentiates between consuming and pro-
ducing modes of engagement. This two-axis system is grounded in empirical observa-
tion and further developed through literature synthesis and iterative coding [29]. The
result is a four-quadrant framework that not only describes how players participate in
games, but also reveals the competencies they develop through that participation.
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On the horizontal axis, we locate the spectrum between consumption and pre-
sumption. Players engaging primarily in consuming modes interact with pre-designed
systems, rules, and narratives. Their competencies often revolve around mastering
game mechanics, solving in-game problems, and adapting to fixed challenges. In
contrast, presuming behaviors involve creative contribution—players who design new
rules, build tools, produce content, or manage social systems. These players extend
the life of the game through innovation, rather than just interact with it.

The vertical axis captures the distinction between solo activity and team-based
engagement. Solo-oriented players work independently, relying on internalized
goals and self-paced exploration. Team-oriented players operate within collective
structures, coordinating with others and often taking on roles that support group
performance and cohesion. These two axes intersect to yield four distinct patterns of
participation and learning, which this study identifies as the Pioneer, the Old-timer,
the Socializing player, and the Cadre (Figure1).

The Pioneer represents the solo-consuming quadrant. These are players who
explore systems individually and develop competence through repetition, experimen-
tation, and intuition. They are characterized by their capacity for logical thinking,
spatial reasoning, responsiveness, and independent planning. Often, Pioneers are
early adopters or solo explorers who navigate new terrains and uncover mechanics
without relying on community-generated content. Their learning is quiet but deep-
rooted in iterative problem-solving and self-reflection.

The Old-timer emerges in the solo-producing space. These players possess sig-
nificant experience and often engage in reflective tinkering, modding, or analytical
deconstruction of game systems. They might build spreadsheets, run simulations, or
maintain personal archives of findings. Their competencies include scientific habits,

Analytical Framework of Gamer Competence

Team
Battle

Solo

Consuming Prosuming

Figure 1.

Player Competency Quadrant Framework (PCQF): An analytic model defined by the “individual—collective”
and “consumption—production” axes, mapping participation patterns and competency development in gaming
communities, highlighting four roles—Pioneer, Old-timer, Socializer, and Cadre.
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digital fluency, data handling, and exploratory reasoning. While they may not always
be socially visible, their contributions often lay the groundwork for others, forming
the intellectual infrastructure upon which communities build.

In the team-consuming quadrant, we find the Socializing player. This participant
thrives in structured group play—whether in co-op missions, guild raids, or event-
based interactions. Their strength lies not in creating new content but in building
cohesion, maintaining morale, and enabling successful collective performance.

Core competencies in this quadrant include communication, community awareness,
emotional attunement, and collaborative adaptation. These players keep the group
functioning smoothly and serve as relational anchors, particularly for newcomers or
less confident members.

Finally, the Cadre occupies the team-producing quadrant. These are organizers, strate-
gists, and facilitators—those who initiate collaborative projects, distribute tasks, and steer
community direction. Their activities involve player co-creation, leadership, negotia-
tion, and often re-gamification: the ability to take an existing structure and modify it to
suit new goals or contexts. Cadres act as cultural stewards within player communities,
simultaneously managing logistics and shaping norms. They are as much architects of
participation as they are participants themselves.

Importantly, these four roles are not rigid categories. Rather, they represent recur-
ring configurations of behavior and capacity that players may cycle through depend-
ing on context, maturity, and motivation. A Pioneer may become a Cadre when
joining a team, just as a Socializing player might evolve into an Old-timer through
extended solo experimentation. However, by naming these patterns, the framework
gives us a language for recognizing forms of learning that have long remained dif-
fuse and under-theorized. It allows us to ask not only what players do, but how their
actions reflect situated competencies developed through sustained, meaningful
engagement with games.

By framing play as a space where roles, strategies, and expertise emerge from
lived practice, this quadrant model aligns with the core principles of Communities
of Practice. It does not reduce players to personality types or skill levels; instead, it
honors the fluid and evolving nature of learning in action. And most importantly,
it offers researchers and educators a structured way to observe, describe, and ulti-
mately support the kinds of complex competencies that gaming environments so
richly afford.

5.3 Applying the framework to empirical research the value of any analytical

Framework lies not in its conceptual elegance alone, but in its ability to guide
inquiry, shape interpretation, and structure communication across cases. The Player
Competency Quadrant Framework (PCQF), as introduced in the previous section,
is designed to help researchers move from anecdotal description to systematic com-
parison, particularly in environments where learning is informal, multimodal, and
community-driven. This section illustrates how the framework can be applied in both
qualitative and mixed-methods research settings to uncover patterns in player behav-
ior, learning trajectories, and competence development. In qualitative studies, the
PCQF offers a structure for coding field data such as interviews, forum transcripts,
observation notes, or screen recordings. For example, in a case study involving high
school students participating in an online co-op game, researchers may code moments
of communication (Socializing quadrant), leadership behavior (Cadre quadrant),
or problem-solving done in isolation (Pioneer quadrant). These coded excerpts
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can then be clustered by quadrant to examine the dominant modes of participation
over time, as well as the transitions between roles. In our own research using this
approach [29], a sequence of gameplay sessions revealed how a student began as a
peripheral participant in a Discord raid planning channel (Socializing), later took

on responsibility for organizing a rotation schedule (Cadre), and eventually began
building custom tools to assist raid analysis (Old-timer). This trajectory was not only
evidence of deepening engagement, but also of the development of distinct, transfer-
able competencies—such as time management, spreadsheet logic, and distributed
leadership. Without a framework like the PCQF, such growth might have been read

as anecdotal or idiosyncratic rather than as part of a broader learning pattern. The
framework is also compatible with mixed-methods research. In survey-based designs,
player self-assessments or peer assessments can be mapped onto the four quadrants,
producing composite profiles of player types within a community. These profiles can
then be triangulated with behavioral data (e.g., playtime logs, contribution records,
and forum analytics) to examine correlations between quadrant orientation and game
mastery, community influence, or persistence. For example, a comparative study may
explore whether players who primarily identify as Cadres also report higher levels of
social presence or emotional investment in their guilds, while Pioneers may report
stronger self-regulation or exploratory orientation. One advantage of using the PCQF
in empirical research is its flexibility. The framework does not prescribe a particular
data type or method, but offers a conceptual anchor for organizing complex, multi-
modal data. It works particularly well in longitudinal designs, where researchers wish
to trace developmental patterns in player learning or shifts in role identity. It is also
useful in educational game research, where designers seek to understand how differ-
ent game mechanics support or suppress specific kinds of competencies. However,
applying the framework requires interpretive nuance. Player behaviors often span
multiple quadrants within a single play session, and some competencies may be
latent or implicit. Researchers must remain attentive to context, culture, and the
affordances of particular games when making claims about quadrant alignment. For
instance, a game that discourages modding may suppress presuming behavior, while
a narrative-heavy game may elicit social discussion without enabling collaborative
creation. These dynamics must be factored into analysis to avoid overgeneralization.
Ultimately, the PCQF functions as a heuristic device—a lens through which research-
ers can ask sharper questions, design better instruments, and articulate learning in

a form that is intelligible across academic, design, and educational audiences. By
anchoring its categories in empirical practice and aligning them with theoretical
insights from Communities of Practice, the framework helps foreground what is often
overlooked: that play is not just an activity, but a situated mode of learning, identity
building, and cultural participation.

5.4 Framing play as structured learning

This chapter has proposed and elaborated an analytical framework for recogniz-
ing and studying the diverse competencies that emerge from gameplay. Through the
Player Competency Quadrant Framework (PCQF), we moved from describing game-
play behaviors in narrative or observational terms to categorizing them along two key
dimensions: the locus of agency (individual vs. collective) and the mode of engage-
ment (consuming vs. producing). By mapping these dimensions into four conceptual
quadrants—Pioneer, Old-timer, Socializing, and Cadre—we created a structure that
accommodates both the fluidity of play and the specificity of learning practices.
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The primary contribution of the framework is to make legible what has long been
difficult to describe: the situated, embodied, and evolving forms of intelligence that
players cultivate in the act of playing. These include strategic foresight, collabora-
tive planning, data synthesis, creative authorship, and community stewardship.
Importantly, these competencies are not isolated to specific genres or platforms. They
appear across gaming contexts, though they may manifest differently depending
on cultural, mechanical, or community-specific affordances. What the PCQF offers
is a vocabulary for identifying and discussing these competencies in ways that are
theoretically grounded and methodologically actionable.

Moreover, by aligning the quadrant model with the principles of Communities of
Practice, this framework highlights the inherently social nature of player develop-
ment. Learning in games is not simply about feedback systems or design incentives;
it is about identity, negotiation, trust, and shared purpose. Recognizing this opens up
new possibilities for educators, designers, and researchers alike: for curriculum build-
ers seeking to integrate game-inspired pedagogies, for game developers interested
in fostering long-term engagement through community support, and for scholars
aiming to trace learning beyond institutional walls.

Still, the framework is not without its limitations. It is descriptive rather than pre-
dictive, and its boundaries are permeable. Many player behaviors defy categorization
or inhabit multiple quadrants simultaneously. The model also depends on researchers’
capacity to observe, interpret, and contextualize player actions with care and cultural
sensitivity. It is not a diagnostic tool, but a scaffold for inquiry—one that must remain
flexible, provisional, and open to revision as new forms of play and participation
emerge.

As we look ahead to the final chapter, the focus shifts once again—from categori-
zation to synthesis. Having developed a robust understanding of player competencies
and the means of analyzing them, we now turn toward implications. What does it
mean to take game-based learning seriously—not just as a research topic, butasa
foundation for educational practice, policy, and innovation? How might teachers,
curriculum designers, and institutions recognize and support the competencies that
players bring with them into the classroom and beyond?

These are the questions that will guide the discussion in Chapter 6, as we reflect on
the broader significance of this research and outline future directions for study and
application.

6. Discussion and future directions
6.1 Reframing learning through play: Broader implications

This study began with a deceptively simple question: what do players learn when
they play? But as the chapters unfolded—particularly through fieldwork and empiri-
cal cases rooted in Taiwan—it became increasingly clear that this question cannot be
answered through conventional educational paradigms alone. The learning behav-
iors exhibited in Taiwanese game communities—such as collaborative mapping in
Pokémon Go, or re-gamification of educational platforms by elementary students—
demonstrate a rich ecology of informal knowledge construction that defies simple
curricular outcomes.

In the Taiwanese context, where formal education still heavily emphasizes exam
preparation, linear progression, and content transmission, these player-initiated
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practices present a significant epistemological challenge. Learners are acquiring
strategic reasoning, system navigation, community management, and adaptive
problem-solving through game-based contexts—yet these competencies remain
largely unrecognized by school systems and policy frameworks. This gap is not just
pedagogical, but cultural: it reflects a persistent disconnect between what is valued
inside classrooms and what learners are actually cultivating outside of them.

The implications of this disconnect are far-reaching. For researchers, it calls for
new frameworks—Ilike the Player Competency Quadrant Model—that are capable of
recognizing the complexity of informal learning as observed in Taiwanese gaming
communities. For teachers and curriculum designers in Taiwan, it suggests an urgent
need to shift from content transmission to participatory and context-aware pedago-
gies. And for education policy more broadly, it points to the importance of rethinking
legitimacy: who gets to decide what counts as learning, and on what terms?

Reframing learning through play, especially in the Taiwanese context, is not
merely about advocating for games in classrooms. It is about acknowledging the exis-
tence of rich learning ecologies already thriving in the cultural margins and bringing
them into the center of educational discourse. In this sense, Taiwan’s game players
are not outliers—they are vanguards of a participatory learning culture that deserves
serious attention and institutional recognition.

6.2 Directions for future research

While this study has laid the groundwork for conceptualizing player competen-
cies and mapping them through the Player Competency Quadrant Framework, much
remains to be done. The findings here are intentionally exploratory, and the broader
goal is not to offer definitive conclusions, but to open a space for sustained, empiri-
cally grounded, and theoretically rich investigations into game-based learning—espe-
cially within the Taiwanese context. This final section outlines several key directions
that future research might pursue.

First, there is a clear need for longitudinal studies that trace the development of
player competencies over time. Most current research, including this study, relies
heavily on snapshots: ethnographic moments, forum excerpts, or gameplay vignettes.
While valuable, these methods make it difficult to observe how player identities and
intelligences evolve through extended participation. A longitudinal design—perhaps
following students who are active gamers across multiple school years—could reveal
how informal learning translates (or fails to translate) into formal academic success,
civic engagement, or workplace competence.

Second, cross-institutional and interdisciplinary collaboration will be crucial for
the field’s growth. As game studies in Taiwan currently reside at the margins of
educational discourse, building alliances between teacher education programs, digital
humanities centers, and game development communities could yield new models
for both research and practice. For example, action research involving teachers and
students who co-design curriculum modules based on game mechanics would not
only validate player knowledge but generate new pedagogical artifacts and data.
Similarly, partnerships with local indie game developers could lead to experimental
learning environments that respond to cultural and linguistic contexts often ignored
by global platforms.

Third, more work is needed to refine and test the quadrant framework itself. While
the PCQF presented in this study has proven useful for categorization and discus-
sion, it remains a heuristic—a starting point. Future research might operationalize its
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categories more rigorously through coding schemes, design instruments for quadrant-
based player self-assessment, or explore whether the model holds across different
genres, age groups, or cultural regions. Comparative studies between Taiwanese
players and those in other East Asian or Western contexts could also test the cultural
specificity and transferability of the framework.

Fourth, there is a significant opportunity for methodological innovation, especially
in how we capture and analyze digital trace data. With appropriate ethical protocols
in place, researchers can mine interaction logs, chat transcripts, version histories,
and user-generated content to build rich portraits of player engagement. In Taiwan,
where mobile-first gaming culture is dominant, platform-specific tools like LINE
groups, YouTube walkthroughs, or TikTok commentary offer underexplored sources
of insight into how players communicate, reflect, and teach one another.

Finally, future research should address the policy and institutional dimensions of
game-based learning. While this study has primarily focused on theory and micro-
level practice, larger questions remain: How can national curriculum frameworks in
Taiwan be adapted to better recognize competencies developed in digital environ-
ments? What training do teachers need to interpret and integrate these capacities into
their classrooms? What kinds of assessment systems are compatible with the infor-
mal, emergent, and community-based learning modes observed in games?

Addressing these questions will require not only scholarly commitment but
advocacy. It will mean challenging inherited assumptions about learning, expertise,
and legitimacy—and building systems that honor what learners already know and can
do. The Taiwanese education system, with its mix of innovation and conservatism,
presents a particularly compelling site for this work. Positioned at the intersection of
East Asian academic rigor and a thriving youth gaming culture, Taiwan is uniquely
poised to lead a reimagining of what counts as learning in the digital age.

6.3 Concluding reflections

This study began by asking what players learn—not to validate games against
existing educational standards, but to take seriously the lived practices, knowledge
systems, and communal forms of inquiry that emerge from digital play. Along the
way, it traced a path from ethnographic observation to theoretical articulation, from
conceptual confusion to analytical clarity. What has emerged is not only a framework
for identifying player competencies, but a broader argument: that games, and the
communities built around them, constitute one of the most generative learning
environments of our time.

At the heart of this research lies a desire to reframe where and how we think
learning occurs. Instead of positioning schools as the default space of education and
games as extracurricular, this study has treated gaming environments as legitimate
sites of knowledge production, social negotiation, and identity formation. In
doing so, it has challenged the boundaries of educational research and expanded
the vocabulary available to describe informal, interest-driven, and community-
anchored learning.

The work has been intentionally situated in Taiwan—not just as a setting, but
as a system. Taiwan’s complex educational ecosystem, shaped by Confucian tradi-
tions, examination pressures, and a vibrant digital youth culture, offers a unique lens
through which to explore the tensions between formal and informal learning. Here,
students often live dual lives: one defined by school-based performance metrics, and
another by the competencies they cultivate in gaming communities. Recognizing
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and bridging these worlds is not merely a scholarly task; it is an ethical and political
imperative.

The frameworks and cases presented in this study are not final answers. They are
invitations—to teachers, to researchers, to policymakers—to look again, to listen
differently, and to ask new questions. What does it mean to teach in a culture where
students may learn more about collaboration in a raid group than in a group project?
How do we design curricula that acknowledge not only what students need to know,
but what they already know from their lives beyond the classroom?

Ultimately, this work advocates for a learning paradigm that is situated, participa-
tory, and open to revision. It calls for research that begins not with theories to be
tested, but with communities to be understood. And it suggests that education, if it
is to remain relevant, must not only adapt to the changing world of its learners—but
must also be humble enough to learn from them.
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Chapter 7

Enhancing Case-Based Serious
Games in Dental Education with
AI: A Comparative Study of Manual
vs. Al-Driven Development

Ahmed Adam Kada, Nisrine EL Arrouf, Szabolcs Felszeghy
and Faiza Benfdil

Abstract

This study extends a 2024 initiative at the Faculty of Dental Medicine, Mohammed
V University of Rabat, which introduced serious games (SGs) into dental education
without artificial intelligence (AI). With the growing importance of digital learning,
this new phase integrates Al into SG development to assess its impact on time efficiency,
content quality, and educational outcomes. Grounded in learner-centered pedagogy, the
project leveraged a dataset of over 100 clinical cases to create Al-assisted serious games.
It adopted a bilingual (French and Arabic) framework to ensure accessibility and align-
ment with both regional and international academic standards. This inclusive design
broadens participation and promotes equity in dental education. Three serious games
were developed: (1) a simulation on removable partial dentures, (2) a memory-based
tool for pathology and pharmacology, and (3) an oral hygiene education module. Al
tools streamlined content generation, enhanced interactivity, and ensured pedagogical
coherence. Comparative analysis of Al-assisted versus manual design workflows exam-
ined development time, educational depth, and user experience. Results showed that Al
integration significantly reduced production time and improved content consistency.
Students reported higher motivation, improved knowledge retention, and enhanced
preparedness for clinical scenarios. Cross-sectional surveys and faculty-student work-
shops further confirmed gains in engagement, reasoning, and conceptual clarity. In
addressing limitations in simulation access and digital literacy, this study demonstrates
that Al-assisted SGs offer a scalable, low-cost, and effective solution for dental training.
The findings support wider integration of Al into SGs across curricula, reinforcing the
transformative potential of this approach in modern dental education.

Keywords: serious games, interactive learning, dental education, digital pedagogy,

bilingual education, artificial intelligence in education, Al-assisted educational
development, manual vs. Al-based approach
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1. Introduction
1.1 Preamble

Doubt, Think, Communicate, and Dare to Criticize: Embedding Soyinka’s and
Feynman’s Vision in Modern Medical & Dental Education “The greatest threat
to freedom is the absence of criticism,” warned Wole Soyinka, Nobel Laureate in
Literature—a truth that resonates profoundly in the evolving landscape of modern
education. As gamification reshapes the way we learn, its true promise lies not simply
in the mechanics of play, but in its capacity to create spaces where young minds are
free to question, challenge, and critique. In the world of medical and dental educa-
tion, where the stakes are high and the need for critical thinkers is paramount, these
freedoms are not merely aspirational—they are essential.

Gamification, when thoughtfully designed as a collaborative ecosystem, tran-
scends rote skill-building to become a conduit for courageous dialog between educa-
tors and learners. By embedding robust feedback loops, open-ended problem-solving
tasks, and immersive role-playing scenarios, gamified learning environments invite
students to interrogate assumptions and empower mentors to embrace vulnerability.
This chapter argues that effective gamification thrives on reciprocity, where educa-
tors must listen as intently as they guide, fostering trust in which criticism becomes a
catalyst for growth. When students co-design game narratives or debate rule struc-
tures, they exercise agency over their learning, transforming from passive consumers
to active co-creators. Such environments demand humility from mentors, who must
relinquish hierarchical control to nurture collective wisdom.

Yet, as research on gamified communication reveals, this balance is delicate. Over-
structured systems risk stifling creativity, while under-designed frameworks may
devolve into chaos. By marrying Soyinka’ call for critical discourse with evidence-
based gamification strategies, educators can cultivate classrooms where play becomes
aradical act of mutual empowerment—a laboratory for the “extraordinary potential”
born when critique and compassion coexist.

This chapter also explores the implementation of Richard Feynman’s educational
philosophy: “Teach students to doubt, think, communicate, question, make mistakes,
learn from them, and have fun.” In student-centered, gamified platforms, educators
and learners collaborate to transform passive lectures and clinical practices into inter-
active, mistake-tolerant environments. Here, students are encouraged to question
assumptions and refine critical appraisal skills, supported by educators who value
curiosity as much as competence. A growing body of literature demonstrates that
gamification not only boosts exam performance and motivation but also enhances
collaborative problem-solving, with students emphasizing the enjoyment of learning
through immediate feedback and team-based challenges.

Feynman’ principles, when paired with evidence-based technology, create a
replicable model for fostering curiosity and resilience in Gen Z medical and dental
students. Soyinka’s and Feynman’s calls to prioritize doubt and critical thinking
resonate deeply in an era where medical and dental education faces dual challenges:
retaining Gen Z’s engagement and bridging the gaps between theoretical knowledge
and clinical practice.

At the University of Eastern Finland (UEF) in Kuopio, Finland, and at Mohammed
V University in Rabat, Morocco, this philosophy has already taken root. These institu-
tions have shifted from instructor-led, passive education to student-driven, educator-
supervised virtual platforms across many of their courses. This transition has created
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dynamic ecosystems where questioning and experimentation are central to skill
acquisition, preparing students to navigate the uncertainties of modern health care.

Gamified models demonstrate that educational ideals such as doubt, critical
thinking, and open communication are not relics of the past, but blueprints for the
future of medical and dental education. By merging doubt-driven pedagogy with
gamified technology, institutions can cultivate resilient, curious practitioners who
are prepared for the complexities and uncertainties of medicine. As Feynman noted,
“The freedom to doubt is essential for scientific progress”—a principle now enshrined
in Finland’s morphology labs and a replicable standard for global education reform.
Through gamification, the classroom becomes a laboratory for empowerment, where
the courage to question leads to the wisdom to heal.

1.2 Toward a digital transformation of dental education supported by artificial
intelligence

The rapid evolution of digital technologies is profoundly reshaping pedagogical
methods in medicine and dentistry. Among emerging tools, serious games (SGs)
stand out as interactive systems that foster active, contextualized, and immersive
learning. Designed to integrate clinical case-based learning, simulation, and forma-
tive feedback, these learning environments enable students to develop clinical skills,
refine diagnostic reasoning, and improve knowledge retention, all while avoiding
direct exposure of patients to potential risks. In an initial institutional project, we
undertook the development of several serious games dedicated to dental education,
based on a manually collaborative design involving both instructors and students [1].
This initial work allowed us to create structured and relevant educational tools, but it
also revealed several major limitations: manual development proved to be extremely
time-consuming, the clinical case-based learning required substantial human
resources, and ensuring the quality of bilingual content (French-Arabic) represented
a considerable logistical challenge.

In this context, characterized by material and financial constraints as well as
heterogeneous digital skills among learners, optimizing the design process became
a pressing need. To address these challenges, this second project integrates artificial
intelligence (AI) at various stages of serious game development, aiming to achieve
three primary objectives: reducing production time, enhancing the quality and depth
of educational content, and strengthening pedagogical accessibility. Our approach
maintains the theoretical framework established in the first project, drawing upon
behaviorism, cognitivism, and constructivism [2, 3], but introduces AI tools to sup-
port, enrich, and automate critical aspects of pedagogical design. Al is thus involved
in assisted generation of clinical scenarios, optimization of feedback mechanisms,
personalized adaptation of learning paths, and linguistic consistency checks across
French and Arabic versions.

Recent literature on serious games in dental health highlights a growing diversity
of initiatives, ranging from mobile educational apps like Dentist Bling and Dental
Life [4, 5] to more immersive clinical environments such as GenoSmile [6]. However,
despite the proliferation of available tools, few are developed according to rigorous
educational standards or integrated into a structured curricular approach. Key issues
include content quality, alignment with targeted competencies, user engagement, and
the transferability of acquired skills [7].

This study therefore proposes a comparative analysis, contrasting the initial manual
development model with the Al-assisted approach, in order to evaluate the tangible
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contributions of this innovation to dental education. Grounded in a rigorous pedagogi-
cal framework and mindful of the technical and cultural specificities of our context, we
explore how Al can foster a more efficient educational transformation without compro-
mising the quality or pedagogical intent of the serious games developed.

1.3 Educational theories guiding serious game design

The construction of our serious games relies on a solid theoretical foundation,
rooted in three major paradigms of educational science: behaviorism, cognitivism,
and constructivism. Similarly, behavioral approaches support the anchoring of basic
gestures and procedures, cognitive frameworks facilitate the organization and pro-
cessing of information, while the constructivist perspective promotes active learner
engagement in authentic contexts. This theoretical positioning is based on studies
demonstrating the value of such complementarity in digital learning environments,
particularly in complex settings where the targeted skills range from technical execu-
tion to context-based decision-making [8].

Behaviorism emphasizes learning through repetition, reinforcement, and imme-
diate feedback. It is embodied in tasks such as quizzes, stage validation, scoring
systems, and level progression [9, 10]. This approach proves particularly relevant
for reinforcing technical procedures and clinical protocols, as seen in pharmacology
training or prosthetic design modules (see Figure 1, procedural training modules).

Cognitivism focuses on internal mechanisms of information processing and the
ways learners acquire, organize, store, and apply knowledge [8, 9]. Unlike behaviorist
models centered on observable behavior, cognitivism investigates underlying mental
processes like perception, attention, memory, categorization, and problem-solving.
It assumes that learning becomes more effective when individuals actively structure
their knowledge through understanding, logical organization, and application in
diverse contexts. This theoretical framework has heavily influenced modern peda-
gogy, particularly in fields demanding complex reasoning, such as health sciences. In
the PAP game, cognitivism informed the development of over a hundred interactive
clinical cases, engaging students in activities of analysis, diagnosis, and therapeutic
planning. Each scenario encourages the organization and application of interdisci-
plinary knowledge, promoting both learning consolidation and clinical reasoning
development (see Figure 2, information analysis and processing phase). Moreover,
certain sequences within the game combine behaviorist (reinforcement through
immediate feedback) and cognitivist (active knowledge mobilization and response
categorization) approaches, supporting a structured progression from procedural
acquisition to reasoned integration of knowledge [11].

Constructivism considers learning as an active process wherein learners build
their understanding through personal experience and interaction with their

-
3
g
% Stimulus Answer
= Y . s
2 Situation |/ Multiple-choice Reinforce (reward) or
S presented ( quiz deter (punishment)
z summary video)
Figure 1.

Diagram of the behaviorism educational process.
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Diagram of the cognitivism educational process.

environment. Knowledge construction involves confronting initial representations
with new situations, leading to cognitive conflict and progressive restructuring. In
our serious games, constructivist principles are implemented through open-ended
activities, decision-making tasks, and adaptive pathways that encourage exploration,
hypothesis formulation, error management, and reflective learning. This dynamic
approach fosters the development of critical thinking, clinical judgment, and profes-
sional autonomy, essential competencies for future dental practitioners [12]. Thus,
the educational design of our serious games draws from complementary theoretical
currents, aligning pedagogical choices with specific learning objectives at each stage
of the training (see Figure 3, information analysis and processing phase).

1.4 An integrated pedagogical framework

The articulation of the three educational paradigms was not based on a mere
theoretical juxtaposition, but on a carefully designed complementarity that guided
the conception of the serious games from the outset. Thanks to the integration of
Al-assisted tools, this synergy was further enhanced, aiming to enrich traditional
teaching methods and to foster a progressive transition toward more interactive,
accessible, and adaptable learning practices.

The present study therefore aims to assess this integration from multiple perspec-
tives—pedagogical, technical, and cultural—through the analysis of feedback from
students and educators, with the objective of identifying concrete strategies for
sustainable adoption.

Figures 1-3 synthesizes this pedagogical framework, illustrating the intersection
between the mobilized learning paradigms, the targeted educational objectives, and
the types of activities designed. Each level of the game activates specific cognitive and

New
Presentation > Imbalance >>Qccnmmodatinn>> Assimilation >> Balance >

Others players | o e — > Result without help >

Purposes
Tools E—— > Result with help >
EDW&IgEHMASSImIHHDH Conceptualisation Convergence

Accommodationg

WISIAIINOSUOD SNSSAI0AJ

Figure 3.
Diagram of the constructivism educational process.
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motivational mechanisms, structured to progressively reinforce the competencies
intended [13]. The PAP game fits into this model, although it places greater emphasis
on certain specific dynamics. Activities based on quizzes, centered on repetition and
validation of clinical knowledge, predominantly draw on a behaviorist approach,
promoting the automatization of fundamental skills. Certain modules also engage
cognitive processes, for instance by requiring the analysis of clinical scenarios or the
justification of selected answers. While the PAP game, as a quiz-based tool, margin-
ally incorporates constructivist principles, this dimension can nonetheless be acti-
vated through supervised use, particularly during group discussions or post-activity
debriefings.

This pedagogical structuring, now strengthened by Al-driven optimization during
the design process, guided the development of the games. However, the study con-
ducted with sixth-year dental students was not initially intended to directly evaluate
the theoretical paradigms themselves. Its primary goal was to capture user percep-
tions regarding the utility, relevance, and overall quality of the games. Nevertheless,
the results revealed that students distinguished different types of benefits depending
on the activities offered, suggesting a differentiated appropriation of the underly-
ing learning mechanisms. Thus, the tripartite organization seems to foster greater
engagement, autonomy, and a strengthened sense of self-efficacy among learners.

The two other games developed—one focused on pharmacology and the other on
oral hygiene—follow the same pedagogical logic, while integrating Al-based supports
more explicitly to enhance interactivity and the co-construction of knowledge.

1.5 Objectives of this study

Building upon the pioneering groundwork of our first project, this second phase
aims to redefine dental education through the transformative potential of artificial
intelligence. Our approach is structured around three core objectives. First, by
unlocking Al’s potential in serious game development, we aim to rigorously analyze
how AI enhances the design and development process—boosting productivity,
improving content quality, and overcoming language barriers, thereby making
learning tools more accessible for diverse learners. Second, in transforming the
learning experience, we seek to promote deeper engagement, reduced cognitive
load, and greater adaptability to varied educational profiles through the integration
of Al-powered serious games, ultimately helping students think more critically and
learn more effectively. Third, by creating a scalable and inclusive model, our goal is to
propose a replicable bilingual framework (French-Arabic) for Al-supported serious
games in health education, with a focus on efficiency, pedagogical excellence, and
cultural relevance, offering a model that could serve as a blueprint for global educa-
tional innovation.

Together, these objectives aim to build a future-ready framework for more inclu-
sive, engaging, and effective learning in dental education. Rather than merely docu-
menting the technical implementation of Al, this study rigorously interrogates its true
impact on educational innovation within dentistry [14]. We move beyond surface-level
integration to critically assess AI's added value, confront potential limitations, and
engage with pressing ethical considerations and future directions. By conducting a for-
ward-looking comparative analysis, our work not only enriches the evolving discourse
on Al-assisted educational technologies, but also provides actionable, evidence-based
recommendations. These insights are intended to transcend the dental field, offering a
robust framework for advancing AI’s role in health education globally.
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2. Technical approaches and tools used in the development of serious
games

2.1 Theoretical foundations and techno-pedagogical architecture

The development of serious games (SG) in dental education requires a synergistic
integration of established learning theories and emerging technologies. Drawing
on the principles of behaviorism, cognitivism, and constructivism, these SGs were
designed to enhance knowledge retention, develop clinical reasoning skills, and
promote immersive, interactive learning experiences [15].

An important innovation of this project lies in the extensive use of artificial
intelligence (AI) technologies, including generative Al models such as those provided
by OpenAl. These tools enabled the design and technical realization of the serious
games without requiring advanced programming skills, allowing a dental researcher
to autonomously create pedagogically robust and technically functional games. Al
facilitated the generation of 3D environments, the dynamic adjustment of learn-
ing scenarios, and the automation of adaptive feedback mechanisms, streamlining
development while ensuring high-quality educational standards.

Game engines such as Unity, Unreal Engine, and Godot were used to build
immersive 3D environments simulating realistic clinical scenarios, while Al-assisted
tools facilitated the modeling of dental structures and automated the creation of
complex interactive scenarios. Instead of manual programming (in C++ or Python),
Al solutions accelerated the integration of features like real-time feedback, dynamic
difficulty adjustment, and personalized learning pathways.

Furthermore, mobile deployment through platforms such as Google Play and
the App Store increased accessibility, supporting mobile learning and self-directed
education. This approach aligns with the growing trend highlighted in [16],
emphasizing the critical role of advanced digital tools—including AI—in creating
immersive, adaptive, and accessible educational environments for health sciences. By
coupling Al-driven development with robust pedagogical frameworks, these serious
games represent a major didactic innovation, democratizing the ability for healthcare
professionals to independently create sophisticated educational tools without relying
on software engineers.

2.2 Collaborative methodology and game design process

The development of the serious games followed a collaborative, structured
methodology to ensure pedagogical relevance and optimal usability. An iterative
approach based on the Delphi method was adopted, involving expert-led feedback
loops to refine educational content. Volunteer faculty members and sixth-year dental
students participated in structured brainstorming sessions via the Faculty’s Intranet
Collaborative Forum, enabling asynchronous collaboration and consensus-based
decision-making [17].

This process was structured into three key phases. The first phase, focused on
needs assessment and conceptualization, involved the identification of critical gaps
in the dental curriculum and the alignment of serious game (SG) objectives with
real-world clinical competencies. In the second phase, game design and prototyping,
interactive clinical scenarios and adaptive challenges were developed based on behav-
iorist, cognitivist, and constructivist learning principles. Al-assisted content creation
and dynamic scenario generation were leveraged to facilitate rapid prototyping and
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iterative refinement of gameplay elements. The third phase, usability testing and
refinement, consisted of pilot studies conducted with students to optimize the user
experience, content accuracy, and engagement strategies. Al tools played a central
role throughout this process by enabling real-time analysis of user interactions, allow-
ing for continuous improvement of gameplay and educational effectiveness. More
broadly, Al technologies contributed significantly to automating scenario generation,
conducting dynamic error analysis, and supporting the individualized adaptation of
learning pathways, reinforcing both instructional precision and learner engagement.

2.3 Presentation of developed serious games and theoretical framework

The serious games developed in this project are not simple gamifications of edu-
cational content; they are rigorously grounded in major learning theories. Each game
combines behaviorist [9], cognitivist [18], and constructivist [19, 20] approaches
and aligns specific gameplay mechanics with corresponding educational objectives.
Gagné’ instructional model behaviorist [21] structured the learning sequences,
ensuring progression from attention engagement to long-term knowledge reten-
tion. Reinforcement strategies, cognitive development stages, and social interaction
principles informed the design of solid pedagogical frameworks [20].

The serious game Memorization — Pathologies and Medications in Dentistry
(PMO) is designed around thirty clinical cases and aims to support students in mem-
orizing dental pharmacology through active repetition, immediate feedback, and
Al-driven adaptive reinforcement. Learners encounter a variety of clinical contexts
that promote meaningful memorization through multi-coding strategies, combining
text, images, and interaction [22]. The integration of spaced recall strategies enhances
long-term memory consolidation, while embedded self-assessment tools enable
students to identify knowledge gaps and target their revision efforts. Developed with
Unity 3D and supported by Al-assisted creation tools, the game features an intuitive
interface in which the embedded AI dynamically adjusts task difficulty based on user
performance, thereby encouraging perseverance and self-efficacy.

Gameplay mechanics are based on intelligent matching between pathologies
and appropriate prescriptions, validated in real time through automated correction
systems. Additionally, Al generates detailed performance tracking reports for both
individual users and group-level analysis [23]. The incorporation of gamification ele-
ments such as badges, leaderboards, and timed challenges further enhances intrinsic
motivation. The therapeutic database is continuously updated with Al assistance
to ensure ongoing clinical relevance. The game is fully cross-platform compatible,
allowing learners to access it via PC, tablet, or smartphone. From a pedagogical
perspective, the game strengthens critical pharmacological knowledge through per-
sonalized progress tracking and supports the development of self-regulated learning
and executive functions. Its flexible accessibility also enables ubiquitous learning
environments, offering students consistent educational engagement across various
contexts (see Figure 4).

The serious game Fundamental Concepts of Removable Partial Dentures (PAP)
follows a procedural learning logic, aiming to train students in the key design steps
involved in removable partial denture construction. It serves as a progressive deci-
sion-making simulator built upon approximately one hundred realistic clinical cases.
By integrating operant conditioning principles and hierarchical procedural learning
structures, the game promotes the gradual acquisition of professional competencies
[12]. Its pedagogical model is based on mechanisms such as the identification of
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Figure 4.
Screenshots illustrating all possible combinations in the antibiotic-related version of the game.

edentulous classes and the application of clinical reasoning grounded in real-world
cases. This immersive procedural approach links each stage of the prosthetic work-
flow to corresponding therapeutic decisions, thereby reinforcing the integrated
learning of foundational prosthetic concepts.

From a technological standpoint, the design and gameplay of the PAP game are
built using Unreal Engine 5 and Blender to deliver realistic 3D modeling and a visually
streamlined interface. Embedded Al systems allow for real-time detection of learner
errors, trigger explanatory feedback, and automatically adjust difficulty levels to
match learner progression. Scoring mechanisms are employed to encourage repetition
until procedural automation is achieved, while haptic feedback and gesture recogni-
tion functionalities reinforce the kinesthetic learning dimension [24]. To enhance
clinical realism, the game environment includes embedded models of clinical cases
that promote familiarity with frequent practice situations. The use of consistent
visual references—edentulous forms, clasps, and axes of rotation—supports pattern
recognition and cognitive reinforcement of prosthetic principles in an immersive and
interactive 3D space.

The educational content of the game is structured around the Kennedy-
Applegate (K-A) and Cummer classification systems. For each clinical scenario,
students are required to identify the class of edentulism, analyze the axes of
rotation, determine the function of direct and indirect supports, and select the
most appropriate type of clasp. Each answer is followed by detailed pedagogi-
cal explanations, which serve to consolidate the connection between theoretical
understanding and clinical application. In addition, frequent errors are illustrated
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through immediate clinical feedback, contributing to the optimization of future
decision-making in prosthetic treatment planning.

The structure of the game includes two sets of clinical case exercises. Each set con-
tains multiple illustrated cases where learners must formulate diagnostic hypotheses,
respond to multiple-choice questions, and reflect on both the correct answers and
their justifications. This learning model promotes learning through error and nur-
tures the development of progressive clinical reasoning. The integration of these cases
as benchmarks within the simulation helps scaffold learning progression, offering a
range of edentulous configurations to expose students to increasing clinical complex-
ity. This complementary structure between the two game sets encourages learners to
move beyond basic classification tasks toward more detailed and nuanced prosthetic
design decision-making.

Pedagogically, this simulation tool offers high added value. Through realistic
simulation and Al-driven adaptive feedback, the game enhances procedural accuracy

Serious Game — Notions fondamentales de la PAP

| Cliguer sur le cas d'édentement & traiter ]
Question 1 : Définir la classe d"édentement :
A Classe 1 € Classe 3
B Classe 2 D . Classe 4

Reéeponse correcte : D.

Explications :
Classe 1 : édentement bilatéral postériedr terminal,
Classe 2 : édentement undatéral postéricur terminal
Classs 3 : ddentement unlatéral encastnd

Classe 4 : antérieur § de part et dautre du plan sagittal médian

Classe 51 éd unlatéral enca: Emité antéri par une dent qui ne peut pas servir de support.

Figures.
Screenshot showing game progression after selecting a corvect answer.
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while simultaneously minimizing the risk of clinical error. It provides a safe digital
environment for trial-and-error learning, which is essential for developing technical
skills without the limitations of physical resources. The game fosters a deep under-
standing of prosthetic classification systems, encourages the development of con-
textualized professional memory, and helps prepare students for managing complex
clinical scenarios (see Figure 5). By progressively incorporating concepts such as the
roles of support structures, rotation axes, subdivisions, and clasp selection, the game
promotes in-depth procedural knowledge. Ultimately, the simulation encourages
learners to systematically associate each procedural step with its theoretical rationale,
thereby consolidating the automation of clinical processes within an engaging and
pedagogically effective digital setting.

The serious game Puzzle — Oral Hygiene adopts a constructivist approach and
is based on twenty clinical cases. Students actively construct their knowledge by
solving real-world problems in dynamic environments [25]. Drawing on Piaget’s
theories of active discovery and Vygotsky’s Zone of Proximal Development, the
game incorporates Al-driven intelligent scaffolding that adapts based on student
responses [19]. It was developed using the Godot Engine and relies on Al-based
decision tree systems. The game adapts learning pathways according to response
times and frequent errors. Immersive simulations allow students to advise virtual
patients on oral hygiene and prevention, thereby strengthening ethical reasoning
and clinical communication skills. This pedagogical tool enhances communication
and critical thinking through realistic clinical scenarios. It supports the develop-
ment of motivational interviewing techniques, which are essential for public health
promotion. Being multilingual in French and Arabic and compatible across multiple
platforms, the game is accessible to a wide range of learners without requiring
specialized equipment.

3. Exploratory survey on the reception of Al-enhanced serious games in
dental education

In the context of an empirical analysis of the acceptability of serious games in den-
tal education, we conducted a cross-sectional descriptive survey [26] among sixth-
year dental students at the Faculty of Dental Medicine of Rabat. This approach fits
within an exploratory framework aimed at documenting the reception of three seri-
ous games developed for dental training, while identifying favorable conditions for
their adoption. Although satisfaction surveys alone cannot validate the effectiveness
of an educational device, they represent an essential first step to assess the perceived
relevance of these tools and initiate reflection on their pedagogical integration.

Distinctively from previous work, the development and analysis phases of the seri-
ous games were enhanced through the integration of artificial intelligence (AI)-based
tools. Al enabled more efficient content design, optimized adaptation to pedagogical
goals, and streamlined the analysis of student feedback, thereby illustrating the
potential of Al in educational innovation. The study relies on classical educational
sciences methodology, employing a structured questionnaire to collect quantitative
data enriched by exploratory qualitative components. Partial triangulation was used,
combining quantified scores with free-text comments analyzed through Al-assisted
thematic classification. This hybrid approach better captures the diversity of feedback
and the complexity of pedagogical interactions associated with the use of serious
games (SG) in a clinical education setting [15].
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3.1 Presentation of the exploratory study

Context and justification are based on previous research by [27], which dem-
onstrated that serious games can produce learning effects comparable to, or even
superior to, traditional teaching methods, especially when they are incorporated
into structured pedagogical pathways. However, the use of such tools in dental
education remains limited and underexplored from a scientific standpoint. This
survey therefore seeks to provide preliminary empirical data on the application
of Al-enhanced serious games that have been specifically designed for dental
training, with the goal of promoting active learning. The integration of Al during
both the design and evaluation phases significantly enhanced the relevance of the
content, its adaptability to learner profiles, and the analytical depth of the feedback
collected. Conceptual framework and objectives of this exploratory survey are
grounded in a structured pedagogical model that assesses the educational impact
of serious games developed with the support of Al. Drawing on the principles of
active learning and gamification, the games integrate interactive mechanisms that
strengthen both theoretical and practical competencies. By immersing learners in
realistic clinical scenarios and encouraging them to solve complex problems within
engaging digital environments, these games foster clinical reasoning skills, which
are essential for the training of future dental professionals. This approach is aligned
with the findings of [28], who emphasized the effectiveness of active learning-
based games in enhancing conceptual understanding, student motivation, and
knowledge transfer. Moreover, the use of AI made it possible to automate the align-
ment of content with curricular objectives, fine-tune the complexity of scenarios,
and improve the interactive quality of educational simulations, thereby optimizing
the overall learning experience.

3.2 Materials and methods

Population and sampling for this study consisted of sixth-year students (class of
2023-2024) at the Faculty of Dental Medicine of Rabat, representing approximately
100 students. Participation was entirely voluntary, anonymous, and unpaid, and
it took place immediately after the students had interacted with the serious games
developed as part of the project. All participants were clearly informed of the sci-
entific and academic objectives of the research, which was conducted within the
framework of a doctoral thesis in dental medicine. The study complied with the
ethical provisions outlined in Moroccan Law No. 28-13, which exempts educational
studies that do not collect sensitive clinical or personal data from the need for specific
authorization. The high participation rate allowed the constitution of a representative
sample, ensuring the production of interpretable and meaningful results [29].

Justification of the methodological approach lies in the adoption of a robust
mixed-methods strategy that combines both quantitative and qualitative elements to
provide a holistic evaluation of the Al-supported serious games introduced in dental
education. The cross-sectional survey was structured around ten items grouped
into six analytical categories: general experience, ergonomics, engagement, content
relevance, educational contribution, and curriculum integration. The questionnaire
was adapted from the system usability scale (SUS) developed by Brooke in 1996, with
specific modifications to address the contextual needs of dental training. Data collec-
tion was facilitated through a digital platform equipped with Al-based functionalities
that improved the efficiency of data entry, increased response rates, and supported
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the pre-analysis of qualitative feedback. These Al tools also contributed to the the-
matic organization and classification of open-ended responses.

Quantitative responses were measured on a five-point Likert scale, while open
text fields enabled the collection of qualitative perspectives to enrich the interpreta-
tion of student experience. This methodological framework draws upon established
models of pedagogical evaluation, particularly those proposed by [19], ensuring both
scientific rigor and educational relevance. The three serious games assessed in the
study—pathologies and medications in odontology (PMO), partial removable pros-
theses (PAP), and the oral hygiene matching game—were all developed in line with
the definition of serious games proposed by [30], which highlights the importance
of explicit educational goals, interactive environments, and well-structured game
mechanics such as feedback loops, levels of progression, and embedded challenges.
Artificial intelligence played a key role in enhancing these mechanisms by ensur-
ing their alignment with targeted learning outcomes and by amplifying the overall
pedagogical effectiveness of the games [31].

The evaluated axes and construction of indicators were based on a set of ten
specific items aimed at capturing students’ perceptions of the serious games used
in dental education. These items were: items 1, Overall satisfaction with the user
experience; items 2, Perception of the pedagogical relevance of the serious games;
items 3, Ease of content comprehension; items 4, User interface intuitiveness; items
5, Ease of navigation within the game; items 6, Relevance of content to academic
objectives; items 7, Sense of engagement and immersion in scenarios; items 8,
Perception of impact on knowledge retention; items 9, Perceived usefulness for
clinical decision-making; items 10, Acceptance of serious games integration into the
academic curriculum. These ten items were then grouped into thematic categories to
facilitate interpretation. The first thematic axis, General Experience, included items
1and 2. The second axis, Ergonomics and Accessibility, covered items 3 to 5. Content
Relevance was reflected in items 6. Engagement and Immersion was addressed in
items 7. The fifth axis, Educational Contribution, included items 8 and 9. Finally,
Curriculum Integration was represented by items 10.

Data collection and analysis involved anonymous gathering of responses through a
secure digital platform immediately after students interacted with the serious games.
Quantitative data were processed using descriptive statistics, calculating means and
standard deviations across key evaluation dimensions such as intuitiveness, acces-
sibility, ergonomics, engagement, motivation, and pedagogical design. To enrich
these results, qualitative data from open-ended responses were analyzed using an
Al-assisted method. Machine learning algorithms automatically pre-classified these
responses into thematic categories based on grounded theory principles [32, 33]. This
approach helped identify subtle patterns in feedback while reducing the bias often
found in manual coding. Visual summaries, including graphs (Table 1, Figure 6) and
synthesis tables, were provided to offer a clear and multidimensional understand-
ing of student interactions with the platform. The methodological limits and future
directions note that this survey is the initial phase of an ongoing iterative evaluation.
Although results show strong user acceptance and enthusiasm for Al-supported
serious games in dental education, the study remains exploratory since no pre- and
post-test comparisons or control group analyses were done at this stage. Nonetheless,
the integration of Al has already improved methodological rigor, analytical accuracy,
and overall efficiency.

To further validate and expand on these promising results, we propose sev-
eral future directions. First, pre- and post-usage testing will be conducted to
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Evaluated axis Mean/5 Standard deviation
General Experience (items 1-2) 4,00 0,47
Ergonomics and Accessibility (items 3-5) 4,40 0,52
Content Relevance (item 6) 4,60 0,83
Engagement and Immersion (item 7) 4,30 0,68
Educational Contribution (items 8-9) 4,30 0,00
Curriculum Integration (item 10) 5,00 —
Table 1.

Summary table of means and standard deviations per evaluated axis.

Evaluation of Serious Games Axes

General Experience (1-2) | — e—

Ergonomics and Accessibility (3-5) F

Content Relevance (6) F —_—
Engagement and Immersion (7) | _—
Educational Contribution (8-9) | 4.3
Curriculum Integration (10) | 5.0
0 1 2 3 4 5

Mean Score / 5

Figure 6.
Graphical vepresentation of means and standard deviations per axis.

systematically measure knowledge acquisition and retention, allowing us to deter-
mine the educational impact of serious games. Second, a comparative experimental
design including control groups will enable robust comparisons between traditional
teaching methods and game-based approaches. Third, in-depth qualitative explora-
tion through semi-structured interviews and focus groups, supported by Al-driven
sentiment and thematic analysis, will provide richer insights into learner experi-
ence and engagement dynamics. Together, these steps will support more rigorous
empirical validation and lay the foundation for broader integration of serious games
in dental education, fostering a more interactive, adaptive, and effective learning
environment.

3.3 Results

The analysis of collected data identified general trends and systematically exam-
ined students’ perceptions regarding the impact of Al-supported serious games
in dental education. The evaluation was organized around six main dimensions:
overall experience, ergonomics, pedagogical relevance, engagement, perceived
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educational value, and integration into the training curriculum. The questionnaire
design, based on the SUS structure, enabled standardized evaluation tailored to the
pedagogical specificities of serious games. Responses were collected using a Likert
scale from 1 to 5, with 5 corresponding to the highest level of satisfaction. Following
standard practices in educational sciences, quantitative results were presented
through means and standard deviations within a summary table and graphically
illustrated (Table 1 and Figure 6).

The synthesis of results shows that participants had a very positive overall
experience with the Al-enhanced serious games, with a strong average score of 4.2
out of 5 and low variability (SD = 0.38), reflecting consistent favorable perceptions
among users. Usability and accessibility were especially well appreciated, scoring
an average of 4.6/5 with minimal variability (SD = 0.41), which confirms that the
intuitive design and Al-supported interface greatly eased user interaction. Content
relevance received the highest average rating of 4.7/5, though with greater vari-
ability (SD = 0.62), suggesting that while many found the materials highly relevant,
individual expectations varied depending on prior experience or specific learning
needs. Engagement and immersion were also rated highly (4.5/5) with moderate
variability (SD = 0.54), indicating that the experience was generally stimulating
but subject to personal interpretation. Most notably, the educational value of the
platform scored a unanimous 4.5/5 with no variability (SD = 0.00), showing full
agreement on its effectiveness as a learning tool. Curriculum integration received
a perfect score of 5/5 from all participants, demonstrating complete compatibility
with existing teaching frameworks.

The statistical analysis and interpretation underline strong evidence of students’
enthusiasm and ongoing engagement with Al-supported serious games. Al-assisted
thematic analysis highlighted important areas for improvement, especially the need
for more personalized and adaptive learning pathways. These results emphasize the
value of tailoring educational content to individual learner profiles. To gain deeper
insight into how Al-driven personalization affects learner engagement and perfor-
mance, future research should use advanced statistical methods such as regression
analysis. This approach would help identify predictive relationships and actionable
patterns, guiding the enhancement of next-generation serious games in dental
education.

3.4 Discussion

The results of this exploratory survey enhance current knowledge regarding the
potential of serious games (SG) in dental education, resonating with previous studies
highlighting their positive impact on student engagement and learning outcomes.
Notably, ergonomics, perceived content relevance, and interface accessibility
emerged as key success factors.

A major innovation in this study was the strategic integration of artificial intel-
ligence (AI) tools across several phases—content optimization, adaptive feedback
integration, and qualitative data analysis. The use of Al not only improved the
efficiency and precision of the study but also provided deeper insights into learner
interactions and expectations.

Student-centered innovation in dental education shows that students found the
serious games intuitive, engaging, and transformative for their learning. The smooth
interfaces and realistic clinical scenarios greatly improved user experience and
learning efficiency. The bilingual design, especially in the oral hygiene module, was
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praised for promoting inclusivity and accessibility, allowing students from different
language backgrounds to fully engage with the content. What sets this innovation
apart is the integration of Al-driven personalization. By adjusting scenario difficulty
dynamically and providing tailored real-time feedback, the platform moved beyond
traditional static models, offering a responsive and individualized learning experi-
ence. This combination of accessibility, relevance, and adaptive intelligence redefined
teaching expectations and positioned serious games as a key part of modern, student-
focused dental education.

Acknowledging limitations and charting a path forward, the project received
strong positive feedback but also revealed areas for improvement. Expanding the
variety and complexity of clinical cases will help scenarios better reflect real-world
practice. Aligning game content with the academic calendar and theoretical course-
work will strengthen curriculum integration and coherence. Participants suggested
adding more clinical themes and combining all game modules into a single, uni-
fied digital platform to create a smoother, more immersive learning experience.
Embedding these games within the regular, supervised academic schedule is essential
for maintaining engagement and long-term educational impact.

Artificial intelligence is not only a technical tool but a strategic driver of these
future improvements. Its capacity to tailor content dynamically based on each
student’s progress makes Al a key catalyst for adaptive, inclusive, and scalable den-
tal education. Following these directions will allow the project to evolve and help
shape the next generation of intelligent, student-centered learning environments.
Limitations and methodological considerations include recognizing that the study
was conducted at a single institution, which may limit how broadly the results apply
to other academic settings. The evaluation mainly relied on self-reported percep-
tions, capturing subjective experience and satisfaction but not directly measuring
academic performance. However, Al improved the study’s methodology by enhancing
objectivity, consistency, and detail in analyzing qualitative data, which helped offset
some limitations of perception-based assessments. Future research involving multiple
institutions and longer-term tracking would be valuable to confirm and extend these
findings across broader educational contexts.

Future research and directions for innovation propose a forward-looking agenda
to deepen Al-assisted serious games in dental education. Longitudinal studies are
needed to rigorously assess how serious games affect knowledge retention and
clinical skills development over time, providing insight into lasting learning benefits.
Expanding to multicenter comparative studies across diverse institutions will help
validate the generalizability and global relevance of serious games as teaching tools.
Future evaluations should also include objective, standardized assessments such as
pre- and post-tests to accurately measure learning gains and ensure methodological
strength. The evolving Al technologies offer new opportunities for adaptive learning
by integrating advanced personalization systems that adjust scenario difficulty in real
time based on individual performance.

This will allow serious games to offer tailored learning pathways at scale, support-
ing student autonomy and success. Together, these steps not only build on current
work but also point toward a new paradigm in dental education—data-driven,
inclusive, and focused on maximizing learner outcomes.

The conceptual limits and the reimagining of the role of serious games in dental
education are highlighted by the fact that while the serious games developed in this
project were grounded in established design principles—incorporating scoring
systems, progression levels, Al-driven feedback, and structured rules—it is essential
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to interrogate the conceptual boundaries of what constitutes a “serious game” in

the context of dental education [34, 35]. The term is increasingly applied to digital
tools that are interactive or instructive but lack the playful dynamics and autonomy
characteristic of true games. This dilution risks obscuring the pedagogical potential
of the medium. In the academic environment of dental training—highly formalized,
regulated, and outcome-oriented—the playful essence of serious games is often sub-
ordinated to educational efficiency. Engagement becomes instrumental; students play
to perform, not to explore. The intrinsic joy, curiosity, and creative problem-solving
that define genuine gaming experiences may be constrained by curricular expecta-
tions and assessment pressures. These tensions call for a critical reimagining of how
serious games are conceived and deployed in health education. Can game-based
learning in dentistry transcend simulation to become a source of not only competence
but also curiosity and delight? Can it cultivate a space where learning is both rigorous
and intrinsically motivating? Future research should pursue these questions through
comparative studies that examine how learners from diverse academic, cultural, and
technological backgrounds experience serious games. By embracing these insights, we
can design games that are not just pedagogically effective, but emotionally engaging
and culturally responsive—tools that bridge the gap between professional rigor and
the spirit of play [36, 37].

4, Conclusion

This study unequivocally demonstrates the transformative potential of serious
games as cutting-edge pedagogical tools in dental education. By immersing students
in interactive clinical scenarios, serious games bridge the gap between theoretical
instruction and practical application, while simultaneously fostering motivation,
engagement, and the development of critical clinical reasoning.

The strategic integration of artificial intelligence has been instrumental in this
evolution—enabling personalized learning pathways, real-time feedback, and adap-
tive scenario progression tailored to each student’s performance. This individualized
approach marks a paradigm shift in how dental education can respond to diverse
learner needs.

Equally significant is the platform’s contextualized and inclusive design. A rich
diversity of clinical cases and a fully bilingual interface have made serious games more
accessible and relevant to an international and linguistically diverse student popula-
tion. In doing so, they promote equity and autonomy, particularly in contexts where
access to physical simulation tools is constrained.

To fully realize their pedagogical impact, serious games must be systematically
integrated into dental curricula. This includes broadening clinical case coverage, con-
solidating game modules into a unified platform, aligning content with educational
sequences, and embedding ongoing assessment using validated tools. Looking ahead,
emerging technologies—particularly virtual reality and next-generation Al—will
continue to expand what serious games can achieve. More than supplemental tools,
serious games are poised to become catalysts of pedagogical innovation: fostering
adaptive, inclusive, and deeply engaging learning environments that align with the
evolving demands of twenty-first-century dental education.
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Chapter 8

Play with Purpose: Serious Games
for Inclusion and Sustainability

Paula Escudeiro, Mdrcia Campos Gouveia and
Francisca Escudeiro

Abstract

This chapter explores the role of serious games in promoting inclusion and
sustainability, addressing both social and environmental challenges through
game-based solutions. It examines how serious games can be designed to engage
diverse audiences, including individuals with disabilities, marginalized communi-
ties, and those facing educational barriers. Additionally, this chapter discusses
strategies for sustainable game development, considering ethical design, resource
efficiency, and long-term impact. Case studies and best practices will illustrate
how serious games contribute to behavioral change, education, and awareness,
fostering a more inclusive and sustainable society. The chapter also highlights key
challenges and future directions in this rapidly evolving field.

Keywords: serious games, inclusion, sustainability, impact, innovation

1. Introduction

In a world marked by rapid technological change and increasing social and
environmental challenges, serious games are emerging as innovative tools capable
of addressing complex issues through interactive learning experiences. Unlike
traditional entertainment games, serious games aim to inform, educate, and trans-
form behavior by immersing players in purposeful narratives and problem-solving
scenarios. This chapter delves into the growing field of serious games, emphasizing
their potential to promote inclusion and sustainability. It outlines their foundational
concepts, analyzes their impact, and presents strategies and case studies that demon-
strate their effectiveness in diverse contexts.

2. Understanding serious games: Purpose and potential

Serious games are purpose-driven digital or analog games designed with objec-
tives that go beyond entertainment. Their primary aim is to educate, inform, raise
awareness, or influence user behavior in meaningful ways. This section defines the
concept of serious games, outlines their defining characteristics, and explores their
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transformative potential across diverse domains—including education, healthcare,
environmental sustainability, and civic participation.

According to [1], motivation is the key driver behind effective learning. Motivated
learners are more willing to engage in more effective learning strategies. The authors
identify four essential attributes of motivational learning strategies that games
naturally embody:

» “Experimentation or learning by doing

* Interactivity and immediate feedback

* Acceptance and normalization of error

* Empowering learners with control over their actions” [1].

Serious games, therefore, offer a compelling fusion of engagement and pedagogy.
They can serve three distinct but complementary educational functions: as a tool for
teaching, as an object of learning (e.g., designing games as part of the curriculum),
and as an influence on the design of learning environments [1]. This triadic perspec-
tive provides a flexible framework for integrating game-based strategies into formal
and informal educational and noneducational settings.

To critically assess the potential and limitations of serious games, the following
SWOT analysis provides a strategic overview (Table1).

This SWOT analysis offers a strategic overview of the strengths and limitations of
serious games in the context of inclusion and sustainability.

First, serious games excel at offering interactive and immersive experiences that
support deeper learning. By simulating real-world challenges, they allow players to
understand complex systems in a risk-free environment. Their flexibility also enables
them to reach audiences often excluded from conventional education, such as margin-
alized groups or individuals with specific learning needs.

However, developing high-quality serious games can be expensive and resource-
intensive. Accessibility remains a persistent challenge, as not all games are compatible

Strengths Weaknesses

1. Interactive and engaging learning experiences 1. High development costs and resource require-

2. Ability to simulate real-world scenarios for bet- ments
ter understanding 2. Potential accessibility issues for certain user

3. Potential to reach diverse audiences, including groups
marginalized groups 3. Limited empirical evidence on long-term impact

Opportunities Threats

1. Integration with emerging technologies such as 1. Rapid technological changes leading to obsoles-
virtual reality (VR) and augmented reality (AR) cence

2. Expansion into various educational and training 2. Potential resistance from traditional educational
sectors systems

3. Collaboration with educational institutions for a 3. Data privacy and ethical concerns in game design

broader reach

Table 1.
SWOT analysis on the use of serious games.
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with assistive technologies or inclusive interfaces. Furthermore, while there are many
promising examples, comprehensive long-term studies validating their sustained
impact remain limited.

Furthermore, the integration of cutting-edge technologies such as VR and AR can
elevate the effectiveness of serious games, offering highly realistic simulations and
immersive storytelling. Their use is expanding into professional training, sustain-
ability education, and social awareness campaigns. Partnering with educational
institutions and NGOs can extend their reach and embed them into formal learning
environments.

However, the rapid pace of technological change may quickly render existing
games obsolete. Traditional education systems may resist adopting game-based
learning due to rigid structures or skepticism about their educational value. Ethical
concerns around data collection, user consent, and bias in game design also present
significant risks that must be proactively managed.

3. Inclusive design in serious games

Inclusion in game design is a fundamental principle rooted in equity, representa-
tion, and the right to participate. Serious games, when developed with inclusive
intent, can become powerful tools to engage individuals who are often underserved in
traditional educational settings. This includes people with disabilities and those who
face systemic barriers to education.

In the broader educational context, inclusion is increasingly recognized as a criti-
cal goal. As highlighted in European policy and educational research, ensuring that all
students—regardless of their physical, cognitive, or social background—can thrive in
mainstream learning environments requires both pedagogical innovation and techno-
logical support [2]. Game-based learning, when aligned with inclusive design, offers a
dynamic and flexible framework to help achieve this.

Gamification—the application of game mechanics such as points, challenges,
badges, leaderboards, and narrative structures to non-game settings—has become
a widely used strategy to enhance motivation and user engagement. In educational
environments, gamification can increase learner participation, spark curiosity, and
support the acquisition of knowledge and skills. Its success lies in its ability to tap into
psychological motivators such as achievement, autonomy, competition, and social
interaction [3].

Crucially, this approach is now being adapted for sustainability education, encour-
aging environmentally responsible behaviors. By framing positive habits within
game-like structures, individuals are more likely to stay committed to long-term
change. As AlMarshedi et al. [4] emphasize, gamification has the potential to influ-
ence behavior and promote sustainable practices across generations.

Furthermore, the intersection of gamification and inclusion presents unique
opportunities for social impact. When accessibility is built into the gamified experi-
ence, it becomes possible to reach a broader and more diverse audience. For example,
adaptive feedback systems and personalized learning paths can support students with
different learning abilities and styles.

Recent research supports the view that gamification can drive learning, interac-
tion, collaboration, skill development, and even attitude change. Compared to tradi-
tional instructional methods, gamified environments are associated with increased
motivation, autonomy, and learner satisfaction [5].
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While gamification holds considerable promise, it must be implemented thought-
fully. Poorly designed systems can alienate users, reinforce exclusion, or oversimplify
complex topics. Effective gamification requires a deep understanding of the audience
and clear learning objectives.

Rather than viewing gamification as a one-size-fits-all solution, it should be seen
as a strategic tool that supports broader educational and social goals. Its design must
be user-centered, inclusive, and adaptable—capable of responding to the evolving
needs of learners and communities.

4. The role of game-based learning in promoting environmental
sustainability

Serious games have gained recognition as effective tools for raising awareness
of sustainability, fostering pro-environmental behavior, and promoting social
responsibility. By combining engaging gameplay with educational content, these
games support individuals in understanding complex environmental challenges while
motivating them to adopt more informed and responsible actions. Their interactive
and immersive nature makes the learning process both meaningful and enjoyable.

Game-based learning (GBL), which incorporates game mechanics into educational
contexts, has emerged as a promising approach to promoting sustainable behavior
and environmental awareness [6]. By simulating real-world scenarios and offering
active learning experiences, GBL helps learners grasp abstract sustainability concepts
and encourages the application of this knowledge in practical contexts.

The impact of GBL is grounded in several theoretical frameworks. A key element
is intrinsic motivation, which plays a central role in sustaining engagement and
fostering behavior change. Games offer players a sense of achievement, challenge,
and progression, which can drive persistence in eco-friendly behaviors, even when
immediate real-world rewards are absent. The use of rewards, feedback, and progress
tracking within games contributes to this motivation, making sustainability learning
more enjoyable and personally relevant [5].

Goal-setting theory further supports GBL by demonstrating that individuals are
more likely to modify behavior when pursuing specific, measurable, and achievable
goals. Games frequently incorporate such objectives—e.g., reducing energy use or
improving recycling habits—making these goals feel tangible and attainable. Progress
is often tracked through points, badges, or levels, reinforcing a sense of achievement
and encouraging continued action toward sustainability [5, 6].

In addition, social learning theory emphasizes the role of observation, imitation,
and social interaction in shaping behavior. Many serious games include collaborative
or competitive elements that enhance player engagement and foster a sense of collec-
tive responsibility. Sharing achievements or working toward common goals promotes
social reinforcement and encourages alignment with pro-environmental norms [5].

Self-determination theory (SDT) also provides a valuable perspective on GBL,
highlighting the importance of autonomy, competence, and relatedness. Games that
allow users to explore diverse strategies and make their own decisions empower
them to take ownership of sustainability-related actions. This autonomy supports the
internalization of sustainable behaviors, increasing the likelihood of their integration
into everyday life [5].

From the standpoint of behavioral economics, GBL effectively uses rewards and
incentives to influence decision-making. Immediate feedback mechanisms—such as
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badges or points—serve as nudges that guide players toward more sustainable choices.
These small, incremental changes are less overwhelming and more manageable, often
accumulating over time into substantial behavioral shifts [5].

Cognitive behavioral theory (CBT) adds another dimension by focusing on the
relationship between thoughts, emotions, and behaviors. Games that present sustain-
ability-related content can challenge existing beliefs and encourage critical reflection.
By offering new perspectives, games support cognitive restructuring, prompting users
to reevaluate their environmental impact and adopt more sustainable behaviors [6].

Finally, habit formation theory highlights the importance of repetition and
consistency. GBL environments provide frequent opportunities for practice and
reinforcement of sustainable choices. Through repeated exposure to environmentally
responsible actions, players are more likely to form long-lasting habits that extend
beyond the game into real-world behavior [6].

Game-based learning offers a multifaceted and theoretically grounded approach
to sustainability education. By leveraging psychological mechanisms such as intrinsic
motivation, goal setting, social influence, autonomy, and habit formation, GBL can
facilitate both increased awareness and sustained behavior change. It represents a
powerful educational tool capable of bridging the gap between knowledge and action,
making environmental engagement both effective and enduring [5-7].

5. Case studies and best practices

Serious games have emerged as powerful tools to foster inclusion and promote
sustainability. By blending gameplay with intentional design, serious games have
demonstrated their ability to address social, cognitive, and environmental challenges
across diverse populations. This section presents a series of case studies and best
practices that demonstrate how serious games can support inclusion and sustainable
behaviors.

A key area where serious games have made a tangible impact is in supporting
individuals with Autism Spectrum Disorder (ASD). ASD often involves challenges in
social communication and interaction, areas that traditional educational approaches
may struggle to address. A systematic review by Azadboni [8] analyzed 25 serious
games developed specifically for individuals with autism. The review found signifi-
cant improvements, with several studies showing positive results across all variables.
These findings illustrate how game-based learning environments, when carefully
tailored, can create inclusive spaces for social development and engagement.

Similarly, serious games have proven beneficial for individuals with visual
impairments. Although virtual reality (VR) is predominantly visual, researchers
have adapted it to support blind and visually impaired users through multisensory
feedback. The development of Virtual Showdown, an adaptation of the audio sport
“Showdown,” integrates spatial audio, vibration feedback, and gesture recognition
using tools like the Microsoft Kinect and Nintendo Joy-Con. Later enhancements
allowed for multiplayer experiences where visually impaired players could compete
with sighted individuals in real time. The design demonstrated that accessible VR
can provide enjoyable and inclusive gaming experiences, breaking barriers between
disabled and nondisabled players [9].

Beyond individual impairments, serious games are also being used to address
broader social and environmental challenges. Environmental sustainability is one
such critical concern, and the game Eco Tetris exemplifies how serious games can
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encourage recycling and eco-conscious habits. By integrating recycling mechanics
into the classic Tetris format and using augmented reality and geo-referencing, the
game offers a compelling educational experience targeted particularly at older genera-
tions. It connects virtual tasks to real-world behaviors, promoting sustainability in an
engaging and age-appropriate way.

Similarly, ZooLector, an animal card collection game, targets biodiversity aware-
ness and endangered species conservation. With features such as dynamic difficulty
adjustment, voice assistants, and support for users with color blindness and hearing
impairments, ZooLector is accessible to a broad spectrum of users. By embedding
educational content about animal habitats and ecosystems into entertaining game-
play, the game encourages players of all ages to reflect on biodiversity and their role in
preserving it [10].

In the realm of inclusive education, particularly for deaf students, Elementals
stands out as a chemistry-focused educational game that teaches the periodic table
through card-collecting mechanics. By incorporating technologies such as augmented
reality and geo-referencing and designing for users with mobility and color vision
impairments, Elementals provides an accessible and immersive learning tool. It not
only assists in overcoming traditional learning barriers but also raises awareness of
the challenges faced by students with disabilities [10].

Another innovative example is Chroma Harmony, a mobile card game that promotes
color perception and inclusivity for visually impaired users. Using the ColorADD
system, the game educates players on color theory through engaging mechanics where
players mix and match colors to meet specific objectives. With both single and multi-
player modes, the game fosters a sense of community and competition while enhancing
essential visual-cognitive skills. It demonstrates how thoughtful design can bridge
accessibility gaps and deliver meaningful gaming experiences for all users [11].

These case studies collectively highlight best practices in serious game design—
prioritizing accessibility, inclusivity, and real-world applicability. They showcase how
games can be effective vehicles for social change, cognitive development, and envi-
ronmental stewardship. Whether supporting people with disabilities, educating them
on sustainability, or addressing age-related cognitive decline, serious games represent
aversatile and impactful approach to contemporary challenges in education, health,
and society at large.

6. Cross-cultural and demographic adaptability of serious games

Serious games are often designed within specific cultural, linguistic, and techno-
logical contexts, which may limit their applicability across diverse populations. To
ensure broader impact, developers must consider cross-cultural adaptability during
the design phase. This includes not only translating language but also accounting for
cultural values, social norms, and technological access. Games should be sensitive to
different educational backgrounds, literacy levels, and local environmental concerns.
For example, an environmental game developed for urban users in Europe may need
significant adaptation to remain relevant and engaging for rural communities in
sub-Saharan Africa. Participatory design practices, which involve local stakeholders
and community members in the development process, can help ensure cultural and
demographic relevance. By allowing users to co-create content or influence game
narratives, developers can foster deeper engagement and more effective learning
outcomes.
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7. Ethical considerations in serious game design

Ethical considerations are essential in the development of serious games, particu-
larly those that target vulnerable populations or aim to influence behavior. Issues such
as data privacy, informed consent, representation, and the potential for manipulation
must be addressed proactively. For instance, when collecting user data to personal-
ize gameplay or assess progress, it is critical to ensure transparency and secure
handling of sensitive information. Additionally, cultural representation should avoid
stereotypes and strive for inclusivity. Designers must also be cautious of unintended
consequences, such as reinforcing existing biases or promoting behavior change with-
out adequate support mechanisms. Games should empower users rather than impose
values, particularly in contexts like environmental education or social inclusion.

8. Methodological challenges in evaluating serious games

Evaluating the impact of serious games remains a methodological challenge. Many
studies focus on short-term outcomes such as engagement or immediate learning
gains, but few assess long-term behavioral or attitudinal change. This gap is particu-
larly relevant when addressing complex goals like sustainability or social inclusion.
Mixed methods approaches, which combine quantitative metrics (e.g., performance
data, quiz scores) with qualitative insights (e.g., interviews, user narratives), can
provide a more comprehensive view. Design-Based Research (DBR) is another prom-
ising methodology, involving iterative cycles of design, implementation, analysis, and
refinement in real-world settings. To strengthen empirical foundations, longitudinal
studies should track users over extended periods to understand whether game-based
interventions lead to lasting change [12, 13].

9. Digital accessibility and inclusive game design

Digital accessibility is a cornerstone of inclusive serious game design. To reach
diverse populations, games must be compatible with assistive technologies and
adhere to accessibility standards such as the Web Content Accessibility Guidelines
(WCAG). Key considerations include screen reader compatibility, color contrast,
text alternatives for audio content, keyboard navigation, and adaptable interfaces for
users with motor impairments. Inclusive design also means offering multiple modes
of interaction—visual, auditory, and tactile—so that users with varying abilities can
engage meaningfully with the game environment. Moreover, accessibility should be
integrated from the outset, not as an afterthought. This requires interdisciplinary
collaboration among developers, accessibility experts, educators, and users with dis-
abilities. By embedding accessibility into the game development pipeline, creators can
ensure broader participation, reduce barriers to engagement, and ultimately enhance
the societal impact of serious games.

10. Challenges and future directions

Serious games face technical, ethical, and societal challenges. These include
limited funding opportunities, persistent accessibility gaps, and the critical need
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for interdisciplinary collaboration among educators, designers, technologists, and
policymakers.

At the same time, the field is witnessing a wave of technological and method-
ological advancements that offer exciting new opportunities. As digital technologies
evolve, serious games are rapidly transforming—not only in how they are designed
and delivered but also in how they engage, adapt to, and empower diverse users.

Despite these obstacles, the future of serious games is shaped by rapidly evolving
technologies and innovative methodologies that offer new possibilities for impact.
One of the most transformative developments is the integration of artificial intel-
ligence, which enables games to personalize content and learning pathways in real
time by analyzing user behavior, preferences, and performance. This allows for more
inclusive, adaptive experiences that adjust to diverse abilities and learning styles,
particularly benefiting users with special educational needs.

Likewise, immersive technologies such as virtual and augmented reality offer
compelling environments where players can engage in experiential learning and
simulate real-world challenges. The use of learning analytics further enhances this
process by providing data-driven insights that support iterative design and long-term
impact measurement.

Participatory approaches to game development are also gaining traction, with an
emphasis on involving underrepresented communities to ensure cultural relevance,
inclusivity, and user empowerment.

At the systemic level, cross-sector collaboration among academic institutions,
nonprofits, governments, and industry is driving the creation of open-source frame-
works and reusable models, making serious games more scalable and adaptable to
diverse contexts.

To fully harness these opportunities, however, the field must continue to address
current limitations while advancing ethical, inclusive, and evidence-based practices
that align with broader educational and social development goals.

11. Conclusions

As digital technologies continue to evolve, serious games offer unprecedented
opportunities to address societal challenges through engaging and meaningful
experiences. Their success, however, depends on thoughtful and inclusive design that
accounts for cultural, demographic, and accessibility-related diversity. This chapter
has highlighted both the potential and the current limitations of serious games for
inclusion and sustainability. In particular, it emphasized the importance of digital
accessibility, ethical design, and long-term evaluation. Moving forward, the field
must invest in participatory approaches, cross-sector partnerships, and research
methodologies that capture real-world impact over time. By embracing these prin-
ciples, serious games can serve not only as educational tools but also as catalysts for
empowerment, equity, and sustainable transformation across the globe.

Serious games stand at the intersection of technology, education, and social
innovation. By prioritizing inclusion and sustainability, they have the potential to
not only engage users but also empower communities and drive meaningful change.
This chapter has highlighted key concepts, practices, and challenges, emphasizing the
need for continued research, collaboration, and ethical design.

Looking ahead, the evolution of serious games will depend on the active partici-
pation of diverse stakeholders and the willingness to embrace inclusive innovation.
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To truly make a difference, developers and educators must adopt holistic approaches
that recognize the complex social, cultural, and environmental contexts in which
these games operate. This includes embedding universal design principles from the
outset, investing in accessibility tools, and creating narratives that reflect diverse
lived experiences.
While the case studies presented illustrate the effectiveness of serious games
in specific contexts, their generalizability across diverse demographics, cultures,
and learning environments requires careful consideration. For instance, games like
ZooLector and Chroma Harmony were developed with particular cultural and tech-
nological assumptions that may not apply universally. Future work should explore
how these games—or their underlying mechanics—can be adapted for different age
groups, education levels, and socio-cultural contexts to ensure equitable impact.
Despite the promising short-term results shown in various pilot studies and inter-
ventions, there is limited longitudinal evidence to confirm the sustained behavioral
change or social integration effects of serious games. Future research should prioritize
long-term evaluation methodologies to better understand the persistence of learning
and behavioral outcomes over time.
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Chapter 9

Exploring the Effect of Size on
Viewers’ Perception of Augmented
Reality Objects on Mobile Devices

Zhenan Tian, Martin Traunmuelley, Petros Koutsolampros and
Ava Fatah gen. Schieck

Abstract

Augmented reality (AR) has rapidly evolved and is increasingly being integrated
into various industries, such as retail, education, and entertainment. One of the aims
is to enhance the sense of reality by superimposing augmented digital objects onto
the natural environment rather than replacing it. Therefore, integrating “realisti-
cally” digital AR objects with the physical environment becomes an essential factor
for its success. Besides head-mounted displays, most AR applications run on mobile
devices and take advantage of the widely distributed base of hardware, leading to user
experience challenges due to scenery and augmentation distortion. While most cur-
rent research on AR user experience addresses some aspects of user perception within
optical see-through augmented reality, there is an existing gap in existing literature
on the visual properties that affect user’s perception of objects’ size in AR experiences
on mobile devices. To bridge this gap, this paper presents four experiments using
an AR application that was developed on a mobile device and tested by two sets of
participant groups. The experiments focused on four visual aspects of AR experiences
that impact the perception of object size, including (1) background, (2) grouping of
AR objects, (3) observing distance, and (4) observing perspective. The results show
that grouping, the observing distance, and the observing perspective can affect the
user’s size perception of augmented objects, whereas the background on which the
digital objects are superimposed has no such effect. This study advances knowledge
on the effect of visual aspects on the perception of objects’ size in mobile AR.

Keywords: human-centered computing, human-computer interaction (HCI),
augmented reality, size perception, mobile device, user studies

1. Introduction

One of the essential qualities of augmented reality (AR) is its ability to enhance
the sense of reality by superimposing augmented objects onto the natural environ-
ment, rather than replacing it [1]. In doing so, it is essential for the success of an
AR application that its properties are represented correctly in their dimensions and
scale, which is challenging to AR developers: While scenery and augmentations can
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become significantly distorted and partly abstracted, impacting a viewer’s perception
of virtual objects’ size [2], the influencing factors are rooted not only in the technical
equipment used but also in the perceptually correct enhancement [3].

Technological developments try to minimize such effects, for instance, by the
introduction of wearable devices, such as head-mounted displays (HMDs) or smart
glasses, by offering a rather stable technological framework presenting information
directly in front of the user’ eye. For example, a form of heads-up display is a retinal
display that “paints” a picture directly on the sensitive part of the user’ retina [4].
However, for everyday usage, HMDs show limitations due to their weight and narrow
viewing angle compared to the human viewing angle [5]. Moreover, because each
HMD device or smart glass has different design configurations and specifications in
terms of its parts, users often perceive the same virtual object differently, depend-
ing on the AR device in use [3]. Meanwhile, mobile devices supporting AR, such as
smartphones and tablets [6], are becoming more powerful and less expensive at a
very rapid pace, leading to increasing popularity in real-world usage for AR applica-
tions: Alsop [7] outlined an estimated 1.7 billion mobile augmented reality (AR) users
worldwide, a rise of 1.5 billion from the 200 million seen in 2015.

However, as most research has gained insight into the viewer’s perception of an
object’s size in VR, depth perception, and exocentric distance in optical see-through
AR and others, less is known about the user’s size perception in AR applications on
mobile devices. The four main variables that affect a user’s size perception are the
background, the object grouping, the observing distance, and the observing perspec-
tive [8], which are difficult to define, especially in a mobile setting. As boundaries
between physical and digital increasingly blur due to the augmentation of digital
information onto the physical world in human-computer interaction settings [9], it is
necessary for a broad and successful AR adaptation to understand if and how a user’s
size perception in AR differs from reality.

This research hypothesizes that there is a particular size perception error when
people view and observe AR digital objects through the mobile screen within a
specific range, and the viewer’s perception of the size of AR objects and actual objects
is different. This error will change with the distance and the perspective of the AR
objects on the screen. In order to test this hypothesis, we developed an AR mobile
application that allows the user to generate simple 3D digital cubes and conducted
four experiments based on four variables that impact size perception [8], as outlined
above. We then examined the effect on viewer’s size perception for augmented
objects by (1) the AR background, (2) the grouping of AR objects, (3) the observing
distance, and (4) the observing perspective. Next, we present the background and
related work this research is based on, followed by the methodology applied to run
the experiments and the results obtained. We conclude with an in-depth discussion
and the conclusion of this work and give an outlook on future work.

2. Background

To explore the effect of visual factors on the viewer’s perception of objects through
AR technology, we need to understand the size of objects at the intersection between
digital and physical environments. In the virtual reality environment, for instance,
Thomas [2] has studied user perception of an object’s size. The study showed partici-
pants’ understanding and their perception of matching the size of two different-col-
ored virtual objects. The study indicated that participants were able to perceive height
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and width very close to the target values. Murdoch [10] has studied brightness match-
ing in optical see-through augmented reality. Bremers et al. [11] have discussed two
user studies on depth perception, in particular on the perspective cue, and compared
perception for different graphical representations of angles. The study indicated

that graphical alterations of angles displayed on a screen resulted in more variation
between individuals’ angle size estimations. Peillard et al. [12] studied exocentric
distance perception, i.e., the distance between two objects, neither of them being
directly linked to the user, in optical see-through AR. The study suggested that two
virtual objects are perceived closer to one another compared with two real objects.
Fischer et al. [13] explored how different static visualization techniques influence
users’ ability to perform perception-based alignment in AR for breast reconstruction
surgery, where surgeons must accurately identify the locations of several perforator
blood vessels while planning the procedure. Diaz et al. [14] conducted two experi-
ments using a perceptual matching task to understand how shading, cast shadows,
aerial perspective, texture, dimensionality (i.e., 2D vs. 3D shapes), and billboarding
affected participant perceptions of virtual object depth relative to real-world targets.
This paper, unlike the studies mentioned above, addresses the use of mobile phones as
a viewing tool and focuses on four visual aspects that affect the viewer’s perception of
a digital object’s size.

2.1 Size perception of digital objectsin AR

Augmented reality (AR) offers various situations in which users can visualize
and interact to improve their experience and performance in completing actual tasks
in everyday spaces [15]. However, with the increased utility and availability of AR
technology, its usability aspect has started to draw much more attention lately in the
research community [16]. One of the more important breakthroughs for AR vision
technology is the size perception in the AR interface. Ahn et al. [16] studied the
correct size perception of the augmented object for three representative AR displays.
Their focus was more on finding out how people’s vision of AR objects differed
between devices, such as optical see-through HMDs and mobile devices. Shin et al.
[17] have stated that it is necessary to resolve visual differences between different
AR devices to obtain mixing consistency. Their focus remains on finding a balance of
size perception and colors of augmented objects between different devices so that the
size of virtual objects and colors seen by everyone is balanced between different AR
devices. Rolland et al. [18] have investigated more about depth perception and size
perception in AR from HMD, and the experiments carried out are based on 2D pic-
tures. Thus, the user’s size perception of 3D objects is not clearly defined either. Ling
etal. [19] have carried out two experiments to explore the effect of the perspective
projection, on a wall, on the sense of presence and space perception. They found that
the way the digital space is presented is critical for the level of experienced presence
and that the field of view, viewing mode, center of projection, and display critically
affect the presence and the perceived layout in the digital projection. Peillard et al.
[12] stated that, when using an HMD, people tend to perceive virtual objects located
on the side farther than the objects located in front of them. Diaz et al. [14] stated
that by using a perceptual matching task, people perceive the position of an AR object
closer than a real-world object. Swan et al. [20] found a significant difference in dis-
tance estimation between the virtual object and the real object. Eggleston et al. [21]
suggested that there was a difference in the participants’ size judgments between VR
and physical environments. Experiments by Luo et al. [22] were consistent across the
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participant population, and results showed that scene complexity and stereo vision
could have a significant impact on user performance in virtual environments to make
precise judgments on the size of virtual objects. Stefanucci et al. [23] employed size-
judgment tasks to measure the perceived size of virtual objects displayed on a large
screen monitor. They determined that the size of an object in the virtual environment
is underestimated compared to an object in the real world. This difference was smaller
when viewed in stereo. Thomas [2] has researched to explore the user’s ability to judge
the size of an object relative to a second object of a different color in the virtual envi-
ronment. Kelly et al. [24] found that egocentric distances in virtual environments are
frequently underestimated by up to 50% of the actual distances. In summary, many
researchers have studied the size perception of objects in VR and the difference in size
perception by the viewer between different AR devices, but to our knowledge, no one
has focused on the effect of different factors on user size perception of AR on mobile
phones. We believe it is necessary to investigate the effect of viewer’s size perception
of AR displays on the mobile device in-depth for its further widespread applications.

2.2 Size perception of physical 3D objects

Judging the sizes of objects accurately is necessary for organisms and machines to
operate successfully in the world [25]. People’s size perception of AR objects is also
based on their basic size perception of real objects. People trust their intuition and
feel that their perception is correct, but there is a cognitive bias that occurs when
people are processing and interpreting information in the world around them, and
this may affect the decisions and judgments they make [26]. Long and unreliable
delays are involved in processing visual information in the retina, and ineluctably,
such delays result in spatial errors [27]. One of the important factors in perceptions
by people is the size perception of objects. The perceived size of an object depends on
factors including: 1. the actual size of the object, 2. the distance of the object from the
eye, 3. size constancy: This phenomenon results in objects of known size tending to
appear constant in size regardless of their distance, and 4. perspective of the observer
[8]. Because size constancy results in objects of known size tending to appear con-
stant in size regardless of their distance [8], it will not be studied in this research.
Gepshtein and Banks [28] have carried out experiments to estimate the distance
between two parallel surfaces to explore the combination of vision and haptics in
size perception. Peschel and Orquin [29] have studied surface size effects on visual
attention. Foley [30] found that visual angles correspond closely to physical angles.

A 3D object seen from different views forms quite different retinal images, and many
different objects can form identical retinal images [31]. We extend this research and
build on the study of people’s visual size perception of objects in AR and focus on four
visual aspects, including: 1. the background, 2. object size, 3. observing distance, and
4. observing perspective.

3. Methodology

To understand the viewer’s size perception of AR objects in handheld mobile
devices and how the viewer’s size perception in AR differs from reality, we conducted
a series of four experiments. All four experiments were built on the theory of the
classical psychophysical method [32] and were designed to examine the effect of four
aspects that were found to impact size perception by the viewer [8] in AR:
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* Experiment 1 investigated the effect of environment, whether the AR context
influenced viewer’s visual judgments of size, and how much of the size variation
from AR objects could be correctly observed by the average participant.

* Experiment 2 investigated the effect of grouping, viewer’s visual size judgments
of multiple AR objects.

* Experiment 3 investigated the effect of distance and whether there is a difference
in the perception of an object’s size between the actual and digital AR objects. If
so, whether this difference is related to the observing distance between the object
and the viewer.

* Experiment 4 investigated the effect of perspective—whether the viewer’s size
perception and the difference between AR objects and actual physical objects
were related to the viewing perspective and angle.

At the end of each experiment, and finally, the results of the experiments were
analyzed.

To conduct the following experiments, a Unity-based AR system was developed,
allowing users to place digital objects on a mobile g)hone interface into the existing physi-
cal environment, using AR core!, AR-Foundation’, and a placement indicator asset’,

The system interface consists of 4 sets of control buttons (Figure 1): According
to “Cognitive Augmented Reality Cubes” that have been implemented throughout
cognitive AR research [33, 34], the user is able to place a neutral white 30x30x30 cm
AR cube by clicking the button in the upper left corner (Figure 1, A). Selecting the
AR cube is marked by a green bottom edge to distinguish selected from unselected AR
cubes. At the lower right corner of the interface, the user can rotate (B), scale (C), or
delete (D) AR cubes. Furthermore, the user can touch the screen to move and drag the
cube to its desired position.

Bl Rotation
- Scale |

Figure 1.
AR application mobile interface: showing (A) cube placement button, (B) rotation button, (C) scale button, and
(D) delete button.

! Download and install directly from Unity’s Package Manager.
2 Download and install directly from Unity’s Package Manager.
* Download from Github: https://github.com/fariazz/ARFoundationPlacementIndicator.
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4. Experiments

To test our hypothesis, we conducted four experiments on the effect of the
background environment (4.1), the object grouping (4.2), viewing distance (4.3),
and viewing perspective (4.4) on the viewer’s perception of AR objects’ size. A total
of 15 participants (10 males, 5 females, mean age 28.6 years) were recruited from
the researcher’s personal network to conduct Experiments 1 and 2, and a total of 30
participants (19 males, 11 females, mean age 28.6 years) were recruited to conduct
Experiments 3 and 4. The experimental setup consisted of a Xiaomi Redmi Note 8 T
mobile phone and a defined observation point from which participants conducted
the AR experiments. At the beginning of each experiment, each participant was given
information about the background of the experiment and was then guided to the
observation point, the start of the AR experience.

4.1 Environment

In the first step, we examined how the environment influenced viewer’ visual
judgments of the AR objects’ size and how much of the change in the size of AR
objects was correctly observed by the participants. The experiment followed the
psychophysics theory of the “method of limits” that indicated the sensory threshold
by gradually increasing or decreasing the magnitude of the stimulus presented in
discrete steps, hence gradually increasing the size difference until the participants
noticed the difference [35]. To do so, we defined an “AR group” and a “control group”
for the experiment. In the AR group (Figure 2, left), two AR cubes were placed
on the ground at a distance of 2 meters from the observation point [18] on the AR
operator interface of the handheld device: the left AR cube with the original size of
30x30x30cm and the right AR cube with 105% size. In the control group (Figure 2,
right), the background of the two AR cubes was replaced with black, and all the other
conditions stayed the same as in the AR group (Figure 2).

The experiment started with the first stimulus, a 5% size difference, i.e., an AR
cube of 100% size and an AR cube of 105% size. Each participant was given 30 sec-
onds to intuitively determine if there was a size difference between the two AR cubes
or not. If the participant noticed a size difference, the participant was asked which
of the cubes felt larger. If the participant did not notice a size difference, no further
questions were asked, and the participant proceeded directly to the control group.
After a 30-second break, participants were shown the control group experience,
including the exact same situation just on a solid black background. The participant
was also given 30 seconds to answer the same question as in the AR group. If all the
participants had judged the AR cube size difference correctly at a 5% difference, the

Figure 2.
Two AR cubes with a 10% size difference (2 meters away from observation point) - AR group (left), control group
(vight).
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experiment would have ended. Otherwise, the experiment was repeated by increas-
ing the cube size difference by 2.5% [2] each time until all the participants could
correctly judge the two cube sizes. The whole experiment took about 2 minutes per
participant.

4.2 Grouping

Next, we examined people’s visual size judgments of multiple AR objects by
employing the psychophysics measure “just-noticeable difference,” which states the
just-noticeable difference (JND) is not a fixed quantity but rather depends on how
intense the stimuli are being measured [36]. We placed three AR cubes at 2-meter
distances, starting with 5% size differences: one in original size, one with a 5% size
decrease (95% of original size), and one with a 5% size increase (105% of original
size), according to Weber’s Law [37]. These three cubes were placed on the ground
in parallel, and the order in which they were presented to participants was random
(Figure 3).

First, the participant was asked at the observation point if a size difference exists
between these three AR cubes. When the participants noticed a difference, they were
asked to select three objects from large, medium, and small. When the participant did
not notice a difference, the experiment ended for that participant.

Suppose that at 2 meters, everyone was able to arrange the objects in the correct
size; the experiment was no longer conducted by enlarging the object gap but by
increasing the distance to 4 meters instead, to test the effect of distance on the group.
In these cases, whenever someone could not identify the size difference between three
AR cubes, the 5% difference in size was increased to 7.5%, and the experiment was
repeated at 2 meters. Size differences increased by 2.5% each time until all partici-
pants aligned the three objects correctly. The 4-meter experiment was then conducted
for verification. The whole experiment took about 2 minutes per person.

4.3 Viewing distance

Next, we examined whether there was a difference in viewer’s size perception
between a physical object and an AR object and whether it was related to the distance
of observation. In this experiment, five AR cubes were visualized that looked the
same as the actual, physical cube, only differing in size. The selection of AR cube

Figure 3.
AR Cubes with 5, 7.5, and 10% size intervals (above, from left to right) and as shown on the mobile interface
during the AR experience (below).
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quantities was based on one of the principal paradigms to explore the capacity of
spatial attention, which has been the multiple objects tracking task. Subjects can track
a subset of up to five objects [38]. The interval of the cube’ size change was set at 10%
according to Experiments 1 and 2, resulting in five AR cubes with 80% size, 90% size,
100% size, 110% size, and 120% size. They were arranged side by side and equally
spaced on the interface of the mobile phone, placed on the ground at the same angle
as the physical cubes (Figure 4).

/Y Wy

Real cube and AR cube with the same size (left) and AR cubes with four different sizes, the interval of variation
is 10% (right).

Figures.
Experimental procedure (above), and during AR experience (below).
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This experimental setup consisted of two distances as control groups to detect the
effect of different distances on human size judgments of AR objects [39]. Each par-
ticipant was asked to look at the physical cube from the observation point for 30 sec-
onds. Then, the participants were asked to turn around, hence not being able to see
the physical cube. After a 30-second break in between, the five AR cubes were then
shown to participants in the AR application at a 2-meter distance from the observa-
tion point on the screen, one of which was the same size as the actual cube. The order
of the five AR cubes was randomly displayed. Each participant was then asked to
choose an AR cube of the same size as the physical cube shown. When all participants
have completed the experiment at 2 meters, they move on to the next experiment at 4
meters, following similar conditions. The whole experiment took about 3 minutes per
participant (Figure 5).

4.4 Viewing perspective

Finally, we examined how participants’ different observing perspectives would
affect viewer’s size judgments of AR objects. In this experiment, five AR cubes were
visualized to look the same as the physical cube, only with a different size. Similar
to Experiment 4.3, the interval of the cube’s size change was set at 10% according to
Experiments 1 and 2, resulting in five AR cubes with 80% size, 90% size, 100% size,
110% size, and 120% size. Cubes were arranged side by side and equally spaced on the
interface of the mobile phone, placed on the ground at the same angle as the physical
cube (Figures 6 and 7).

Taking [40] as a reference, we set up two angle experiments, one of which was
done with a 90-degree angle. The other experimental setting was at an angle of 45
degrees [16]. Participants were first asked to stand at the observation point and to
observe the actual cube at 45° to the left, 2 meters away from the observation point.
Then, they took a 30-second break, after which they were asked to turn around and
pick out the AR cube on their phone screen that matched the size of the actual cube
they observed. Next, the same experiment was conducted 2 meters from the observa-
tion point, 45° to the right. This was followed by the same experiment with 2 meters
from the observation point, 90° to the left, and 2 meters from the observation point,
90° to the right. All conditions were the same for each experiment, except for the
angle of observation. This whole experiment took about 3 minutes per participant.

Figure 6.
AR cubes at 45° (left) 2 meters away from observation point.
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The steps of the experiment at the 45° and 90° directions.

5. Results
5.1 Environment

The collected data were analyzed using a one-way ANOVA. When the size differ-
ence between two objects was 5%, the majority of participants (80%) were not able to
accurately judge the size difference between AR cubes with the natural environment
background, and almost half of the participants (46.7%) were not able to accurately
judge the size difference when the background was black. Nevertheless, when the size
difference between objects increased to 7.5 and 10%, the same number of participants
could not identify the size difference between AR cubes on a physical or black back-
ground (26.7% at 7.5% increase and 7% at 10% increase), as shown in Figure 8.

These findings indicated that the size differences between AR objects could
affect people’s size judgment (p < 0.05); however, no significant effect between AR
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M AR background ® Black background
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Figure 8.
Number of participants who cannot correctly determine the sizes of two cubes.
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background and black background was found (p = 0.677). This outcome suggests that
arealistic background does not affect people’s misjudgment of the size of AR objects;
hence, the effect of the background behind the AR objects can be ignored in the
subsequent experiments.

5.2 Grouping

Our findings from Experiment 2 indicated that when there were three AR cubes
grouped, all participants (100%) were able to tell that there was a size difference between
these three AR cubes compared to the situation when there are only two AR cubes: results
showed that at a difference of only 5% in the size of each cube, all people were able to
identify the largest cube, but only about a third (31%) of the participants could fully
distinguish the size difference between the three AR cubes. When the size difference
between three AR cubes increased to 7.5%, the proportion of the participants who could
distinguish the size difference increased to 86.7%. When the size difference between the
cubes increased to 10%, all participants (100%) could identify the largest and smallest
cubes correctly (Figure 9). Then the experiment was repeated at 4 meters [39], which also
proved that all participants (100%) could identify the largest and smallest cubes correctly.

These results revealed that on mobile devices, people are able to identify the largest AR
objects, but there was a certain amount of error (69% at a 5% size difference and 13.3% at
a7.5% size difference) in determining which one is the smallest. Furthermore, even when
the size difference between AR objects is small, such as 5%, one can still distinguish the
largest of them. However, it is easy for people to confuse the smallest and middle-sized
objects, which decreases as the difference in the size of the objects increases. Besides,
when the size difference between AR objects is large enough, such as 10%, people were
able to recognize the difference in size between all AR objects 100% of the time. The
result from this experiment is an essential prerequisite for subsequent experiments.

5.3 Viewing distance

The data collected from Experiment 3 were analyzed by ANOVA. At 2 meters, a
third (33.3%) of the participants chose the correct AR cube that was the same size as
the physical cube. A minority of the participants (10%) chose an 80% decreased-size

23
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Figure 9.
Number of participants who have made the right choice.
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AR cube, 16.7% of the participants chose the 90% decreased-size AR cube, 23.3% of
the participants chose a 110% increased size AR cube, and 16.7% of the participants
chose the 120% increased size AR cube. At a 2-meter distance, 40% of participants
underestimated the size of the AR cubes, and 26.7% of participants overestimated the
size of the AR cubes. At 4 meters distance, almost half of the participants (46.7%)
made the correct choice, 3% of participants chose the 80% decreased-size AR cube,
and 20% of participants chose the 90% decreased-size AR cube; over a quarter
(26.7%) of participants chose the 110% increased size AR cube, and 3% chose the
120% increased size AR cube. At a 4-meter distance, almost a quarter (23%) of partic-
ipants overestimated the size of the object, and almost a third (30%) underestimated
the size of the object. The distance from the observing point was found to significantly
influence the participant’s judgment of the object’s size (p < 0.05) (Figure 10).

These results suggest that the probability of people judging AR digital objects to be
the same size as physical objects increases, and the probability of underestimating the
size of objects decreases when observing distance increases. The margin of error that
people choose tends to be more than a 10% difference in size.

5.4 Viewing perspective

According to our findings, the comparison between the angle on the left and
the angle on the right shows that there is not much difference in people’s choices
(Figure 11) (The correct size was selected by 20% of participants at 45 degrees from
either the left or the right, by 40% of participants at 90 degrees from the left, and by
37% of participants at 90 degrees from the right). Whether at 45° or 90°, participants
made similar choices when looking at the left or right side. However, when comparing
the 45° and 90° angles, it becomes clear that the angle of observation dramatically
influences the final choice made by the participants. For instance, at 45°, a total of 5%
of the left- and right-hand observations resulted in a choice of an 80% decreased-size
AR cube, 22% in a 90% decreased-size AR cube, 20% in the original (100%) size AR
cube, 45% in a 110% increased size AR cube, and 8% in a 120% increased size AR
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Figure 10.
All types of choices that participants made.
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Figure 11.
Comparison of participants made decisions from different perspectives.

cube. This means that a total of 53% of people underestimated the size of the AR cubes,
and 27% overestimated the size of the AR cubes after viewing the actual cube at 45°.
When viewed at 90°, left-sided and right-sided viewing resulted in a total of 6% of
participants selecting an 80% decreased-size AR cube. Eighteen percent of participants
selected a 90% decreased-size AR cube. Thirty-eight percent of participants selected
the original (100%) size AR cube, 24% of participants selected a 110% increased size
AR cube, and 14% of participants selected a 120% increased size AR cube. This means
that a total of 38% underestimated the size of the AR cubes, and 24% overestimated
the size of the AR cubes after viewing the actual cube at 45° (Figure 11).

These results indicate that more participants made correct judgments (18%) at 90°
from the observing point than at 45° from the observing point. However, regardless
of whether people were viewing at 45° or 90° from the observing point, a much larger
proportion of participants underestimated the size of AR objects if they misestimated
the size. Hence, the angle at which an object is viewed does affect one’s judgment of
the size of AR objects (p < 0.05).

6. Discussion

This paper evaluated people’s size perception of AR objects and how they differ
from the size perception of natural objects. Addressing this problem requires both the
development of effective evaluation methods and an understanding of what visual
information might contribute to differences between virtual displays and the natural
world [23]. Accordingly, a methodology was developed to explore the effect of differ-
ent factors on people’s perception of size through four experiments. The results from
the experiments will be discussed below.

6.1 Background and the size of AR objects

Results from Experiment 1 showed that a real environment that is overlaid by
digital objects has barely any impact on people’s size perception of augmented objects.

197



From Pixels to Play — The Art and Science of Video Games

Consequently, the location might make a difference to the AR context, but wherever
people start using AR applications, it will not affect their perception of the size of the
AR object. In addition, the difference in size between multiple AR objects does affect
people’s visual size judgment of the AR objects. When there are only two same basic
AR geometries on the mobile device’s screen, most subjects will make the wrong size
comparison when the size difference between these two AR geometries is within a
small interval. Furthermore, an increasing number of subjects will be able to cor-
rectly discriminate the gap between the sizes of the disparate objects. When the size
difference between the two AR objects reaches a certain level, such as 10% in this
experiment, essentially all subjects can judge it correctly, meaning that a 10% differ-
ence in volume size can be used as a threshold for discriminating two AR objects’ size
differences. In addition, when there are only two AR objects to compare, whatever the
objective result may end up being, people subjectively feel that it is a straightforward
matter to judge the object’s size.

Nevertheless, when the number of objects increases, even if only one object is
added, people subjectively believe that it becomes more difficult to judge the differ-
ence in size between more objects. This may conclude that even if the difference in
size does not change, simply increasing the number of AR objects can make it more
difficult to judge people from a subjective point of view. For example, when the size
of three AR objects is being judged. Regardless of the difference in size between the
objects, participants will be able to tell that the three objects are not the same size,
unlike when two objects are judged; some participants think two AR cubes were the
same size. This indicates that when there are more references to the same kind of AR
object, people are more likely to notice differences in size. Almost all people can tell
which is the largest object at any size difference between the AR cubes, but when the
difference between the three objects is not large enough, it is easier to misjudge the
size of the smallest and middle volumes. That is, with a constant size difference, as
more AT objects were compared, people were often able to judge the largest object
correctly. However, a greater number of objects did not help people to identify the
relatively small object. Therefore, when many of the same AR objects are present
simultaneously, the ability of the user to recognize the size of the relatively smaller
AR objects is weaker.

Besides, results from Experiment 3 showed that there was a difference in the
perception of the AR object’s size on mobile devices compared to physical objects. In
most cases, people tend to underestimate the size of AR objects that are the same size
as physical objects (the same shape). At the same time, a relatively small number of
people tended to overestimate the size of an AR object of the same volume as an actual
object (the same shape). Some people will underestimate the size of AR objects, and
some people will overestimate the size of AR objects within a specific range of size
differences, and the needs of each group of people should not be ignored. Moreover,
in both experiments, regardless of the number of objects being compared, 10% was
a basic threshold at which all people were able to identify differences in object size
correctly. It is also to provide a little help for people to build AR applications in the
future: what is the smallest interval of size difference from AR objects that people will
not distinguish wrongly?

6.2 Distance from observing

The distance of the AR object to the person is the distance from the location where
the AR object is located to the human eye, not the distance from the human eye to the
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phone screen. Experiment 3 indicated that the distance of an AR object to the human
eye does affect one’s judgment of its size. Only 33% of participants made the right
choice at 2 meters, while when the distance increased to 4 meters, the correct rate
increased to 46%, a 13% increase in correctness. At 2 meters, the proportion of people
who made a choice at 80% size and 120% size is 27%, while at 4 meters, this error
rate was only 6%, a rate reduction of 19%. With the choice at 90% and 110%, the
proportion was 40% at 2 meters and 47% at 4 meters. Therefore, it can be concluded
that if the distance at which people look at AR objects is increased, it can improve
people’s ability to identify the size of AR objects that are the same as real objects.
Furthermore, when the distance is increased, the size difference interval at which
people’s judgment errors are made gradually decreases, gradually moving closer to
being within the 10% size interval. Similarly, from Experiments 1 and 2, a 10% size
difference of objects is the threshold of observation. The closer the AR object is to the
screen, the greater the error in judging the object’s size, and there will also be more
people choosing objects with larger size errors.

6.3 Perspective from observing

Experiment 4 showed that the angle of observation does influence people’s
visual size judgment of AR objects. However, the left side and the right side do not
influence people to make different judgments. When combined with the findings
from Experiment 3 at 2 meters, it is clear that sideways orientation does not have a
significant effect on one’s observations because the proportions of the various choices
for the two sides at 90° are very close to the selection of those observed head-on in
Experiment 3.

When observing at 45°, only 20% of participants made the right choice. In com-
parison, when the viewing angle was adjusted to 90°, the ratio of participants who
made the right choice was approximately 38%, an 18% increase in the correct rate.
Besides, at 45°, approximately 43% would underestimate the size of the AR object.
When people viewed objects at an off-diagonal angle, more people misjudged the size
of the object, and those who misjudged tended to underestimate the size of the AR
object. At the entire 90° observation range, from frontal to lateral, the correctness
of one’s judgment of the size of the AR object decreases as one’s point of observation
deviates from the forward 90° and begins to shift to the lateral direction. Participants
have the lowest probability of making the correct choice when viewing from the
observation point at 45°. When people misjudge the size of an AR object, this error
tends to be more within the 10% size range.

6.4 Limitations

Having gained insights into how people’s size perception of AR objects can dif-
fer due to the discussed variables, we are aware that this work is limited by several
factors. Firstly, using one type of mobile device that has been used for all experi-
ments, the experiment and its AR representation are bound to the device’s technical
specifications and screen size properties. While experiment measurements were not
taken on other models of mobile devices (such as a tablet), this leaves question marks
on the effect of screen size and the device’s performance. Secondly, the interface
design and its user interaction (UX) have not been further evaluated in this work,
while having the potential to impact the AR experience for the viewer, which might
affect their decision-making. Furthermore, while aiming to include a high diversity
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of people demographics from various social backgrounds, the situation this work was
conducted in—during a global pandemic affecting especially the recruitment pro-
cess—led to a limitation in recruitment, as most of the participants share similar work
backgrounds that might affect the outcome.

7. Conclusion and future work

With many of us now at home during a global pandemic, AR is a tool that can help
us transform our immediate surroundings into learning, work, and entertainment
spaces [41]. The development of AR is still in its early stages, and there is still more
potential for the future, which can bring reality and virtual environments closer
together.

This multifaceted research intends to bridge the existing gap with its focus on the
visual factors that impact the perception of the size of AR objects on mobile devices.
Thus, experimental studies have been conducted on many aspects that affect people’s
visual size perception in AR, such as AR background, groups of AR objects, observing
distance, and observing perspective. First of all, the natural environment behind the
AR object does not interfere with the people’s size judgment of the AR object itself.
Secondly, there is a specific error in people’s size perception of the AR objects on
mobile device screens. When the size difference interval between AR objects is within
10%, some people will misjudge the size of AR objects. In terms of the extension to
AR applications, such as AR games or AR furniture arrangement, if the same AR
objects appear in the AR apps, the size difference between them is within 10%, which
may cause people not to recognize the difference between them. Thirdly, people’s
perception of AR objects is not the same as physical objects in real life. Regardless of
the conditions, most people tend to underestimate the size of AR objects. However,

a certain number of people will overestimate the size of AR objects. People’s percep-
tion of AR objects bias tends to occur in the 10% range. A 10% size difference from
AR objects is a clear cut-off point where people can clearly distinguish volume size
between AR objects. Nevertheless, when many objects are present simultaneously, it
is subjectively more challenging to distinguish between them in terms of size. At the
same time, people’s size judgment of AR objects is also related to observing distance
and angle. When the observation conditions are the same and only the observation
distances differ, one has a greater probability of being able to judge the true size of an
AR object when the observation distance is greater. When the observation conditions
are the same and only the angle of observation differs, one is more likely to misjudge
the size of an AR object when the angle is 45° to the point of observation. The con-
clusions of these experiments lead to recommendations for the design of future AR
experiences and the application interface design. For instance, before people start
with the AR experience officially, people are given a simple AR object size test to get a
bias in people’s size perception of AR objects. Depending on their tendency to judge,
some adjustments are made to the overlay of the AR interface with natural objects to
achieve a better visual effect.

This research has studied the difference between static AR objects and actual
objects. However, in real-life environments, when people use AR applications with
their phones or pads, in most cases, AR applications present dynamic images, and
AR objects have more than simple geometric shapes. Lastly, the study of user’s size
perception for dynamic AR objects and complex forms of AR objects would be worthy
of future investigations.
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Chapter 10

Internet-of-Things Integration:
Sensor-Driven Gameplay on

WowCube

Nikola Peric, Marats Kicikovs and Maxim Filin

Abstract

The WOWCube® is an interactive 2 x 2 cube screen that combines a physical puzzle
with digital interactive gaming. It embeds 24 high-resolution screens across eight
magnetically linked modules, each containing its own microcontroller, communication
ports, battery, and sensors. The device exemplifies a transreality gaming object: Players
manipulate the physical cube (twisting faces, tilting, tapping, or shaking), while the
cube’s software updates the virtual game state across all screens. This chapter explores
how the WowCube’ sensor suite (a 6-axis IMU with gyroscope and accelerometer)
and connectivity (Bluetooth, custom docks) enable integration with Internet-of-Things
(IoT) systems and external game engines. We discuss the WowCube’s hardware/software
architecture, illustrate sensor-driven gameplay mechanics (e.g., using tilt and shake as
inputs), and describe examples of IoT integration via a Raspberry Pi “DIY Dock”. We also
consider WowCube modules as AR-friendly building blocks (e.g., assembling modules
into interactive maps for augmented reality experiences ). Finally, we outline how inde-
pendent developers can use the open Software Development Kit (SDK) and Application
Programming Interface (SDK/API) to treat the cube as an external controller or item
display in engines like Unity or Godot. This chapter aims to demonstrate the WowCube’s
unique blend of tangible interaction and connectivity, offering new possibilities for IoT-
enhanced gaming and mixed-reality applications.

Keywords: WowCube, tangible user interface, Internet of Things, transreality puzzle,
sensor-based gaming, augmented reality, game control mechanisms, integrated systems

1. Introduction

The age of the Internet of Things (IoT) is breaking down the barriers between the
physical and virtual worlds [1]. Sophisticated smart devices are now able to interact
with each other seamlessly via networks, and mixed and augmented reality (AR/MR)
interfaces blend virtual information with the physical context [1]. In this transreality
paradigm, gaming and entertainment are able to combine physical objects with software;
arelevant example is a games console that also acts as a physical game. The WOWCube®
is a striking example, acting as a transreality puzzle: A 2 x 2 handheld cube with full-color
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displays on every side [2, 3]. Manipulation of the cube’s parts (in a similar way to a Rubik’s
Cube) changes the digital game state on each side in real time. Osipov and Nikulchev
state, “We have developed a novel WOWCube device, which combines properties of a
puzzle and a computer video game and is a so-called ‘transreality puzzle’ [3]. In contrast
to traditional static puzzles, the “winning combinations and game strategy are specified in
software and depend on the game loaded to the console” [2]. Thus, the system represents
atangible user interface paradigm: Physical manipulation of the cube (rotation, tilting,
and tapping) is the input method for the embedded software Figure1 [2].

(a) (b)

(a)

(b)

Figure 1.
The WowCube is a 2 x 2 tangible gaming console with 24 color screens (six faces per layer) [2, 3]. It uses physical
rotations and sensor inputs to control video games in a mixed-veality fashion.
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The WowCube’s 2 x 2 cube exterior is decked in a galaxy pattern and restson a
desk, which is reflective of its design for full-screen puzzle immersion.

The WowCube’s hardware includes eight identical cube modules, each with its
own low-power microcontroller, battery, and wireless radio [2, 4]. Internal magnetic
connectors carry power and data between modules so that the assembly functions
as one integrated system [2, 4]. Each external face sports a 240 x 240 TFT LCD, and
the device uses an on-cube operating system (CubiOS) to coordinate games across
modules [2, 4]. In gameplay, “objects can literally move from one module to another”
via the inter-module linkages [4].

The WowCube marries mechanical puzzle play with interactive graphical inter-
faces: Users solve levels by twisting the cube, and the game visuals respond by moving
characters or items across the cube’s faces. As an entertainment platform, it targets
STEM learning and cognitive training, but from a systems standpoint, it exemplifies a
tightly coupled physical/digital device [2, 3].

In this chapter, we discuss how WowCube’ integrated sensors and connectiv-
ity enable its integration within the Internet of Things (IoT) environment. We
first outline the cube’s architecture and sensors (§2), then explore sensor-driven
interaction (§3)—for example, using tilt, impact, and motion as input modalities
for games. Section 4 discusses integration with IoT: Connecting the WowCube to
external devices (robots, home appliances, and networks) via accessories such as the
Raspberry Pi DIY Dock [5]. Section 5 considers the WowCube modules as external
controllers and augmented reality (AR) devices, with novel applications within game
engines like Unity or Godot, as well as physical markers in the context of augmented
reality games [5]. We ground these discussions in quotes from WowCube’s technical
documentation and relevant academic literature [4-6].

2. The WowCube hardware and software framework

The WowCube system consists of eight separate cube modules that stick together
magnetically, thus creating a stable 2 x 2 secure configuration [2, 4]. Each module
measures 70 x 70 x 70 mm and weighs 385 g [4], and contains:

a.an energy-efficient SoC microcontroller;

b.three 240 x 240 IPS LCD panels (one on each external face of the module);
c.a built-in battery (420 mAh per module, ~3360 mAh total) [4];
d.Bluetooth 4.2 + BLE for wireless communication [4]; and

e.onboard sensors. The specs sheet lists “Sensors: 6-axis IMU (Gyro +
Accelerometer)” [6, 7], indicating each module can detect its orientation and
motion in 3D space.

The cube lacks any exterior buttons or touch-sensitive input devices, but
instead, interaction is managed through regulating the cube along with its sensors
based on sources [2, 6], the overall system design can be summarized as follows:
“WOWCube is a mechatronic game console... controlled by changing the mutual
position of the sections... Each outer side of each section has a 240 x 240 TFT
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Figure 2.
WowCube module cross-section. Each module (a “cubicle”) has three external displays (240 x 240 TFT LCDs), a
battery, SoC, and three internal faces with magnetic connectors (for data/power) [2, 4].

display... The microcontrollers draw on-screen graphics, define game mechanics,
and enable interaction of neighboring sections through serial connections” [2].
Figure 2 illustrates the internal “smart connector” groups of a single section that
allow the exchange of power and data between the modules. The connectors are
based on small magnetized spheres to provide electrical contact on the contact

of the modules [4], and thus allow the distributed software to keep the modules
synchronized during rotation. The operating system, named CubiOS, runs across
all eight modules, hence forming a decentralized application where game data and
logic are shared across the modules, while the output is split across several screens.
Moreover, an open Software Development Kit (SDK) and Application Programming
Interface (API) have also been provided to enable developers to create applications
on this 8-module platform [4].

In summary, the WowCube platform is an embedded cyber-physical system
combining: Low-power microcontrollers, wireless communications, and an IMU
(gyroscope+accelerometer) for sensing [6]. This sensor suite is crucial for its IoT
integration and gameplay (next sections). The presence of Bluetooth and a modular
connectivity bus means the cube can interface not just with itself but with external
controllers or hosts. For example, each module’s data bus can connect to a Raspberry
Pi through a specialized dock (Section 4), and the SDK allows linking the cube to
game engines or other software [4].

3. Sensor-guided gameplay and interaction

The WowCube’s gameplay revolves around tangible manipulation, but the inte-
grated IMU sensors further enrich control. By design, tilting, tapping, and shaking
are native inputs. The official documentation instructs that to navigate menus, “you
should tilt the cube” to move a cursor highlight [4].

Initiation of the game or selection of an application requires the action of “double-
tapping (light knock) the cube on any of its faces.” [4] This is internally tracked using
an accelerometer such that variations in tilt lead to changes in orientation that prompt
software reaction; nevertheless, an instantaneous rise in acceleration (impact) on two
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opposite faces signals the double-tap feature. The user also has the ability to shake the
cube to trigger global commands: performing three shakes.

The main menu is entered again [4]. The inputs used—tilting, tapping (impact),
shaking—are now core sensor-based inputs on the WowCube.

In addition, some games may incorporate continuous motion or angles. For
instance, a racing or flying game could map the cube’s pitch/roll (from the gyro) to
steering input. Osipov et al. note that the WowCube “has accelerometer, or display
sensors, or any other sensors to control the gameplay,” though they emphasize that the
primary control remains the rotation of sides [3]. In practice, third-party apps (using
the SDK) often treat the IMU readings like a 6-DOF game controller. Gyro drift and
responsiveness must be managed in software, but they allow intuitive interactions:
For example, tilting the cube forward could accelerate a car, or twisting it could turn
a character.

Sensor-driven inputs make the WowCube games more kinesthetic than traditional
video games. They engage fine motor skills and spatial reasoning—users must physi-
cally rotate the cube to manipulate onscreen elements. This aligns with research on
tangible interfaces improving cognitive tasks [2]. Moreover, leveraging sensors ties
the device into the broader IoT/AR vision: The cube is not a static replica of a puzzle
but a smart object that can sense and react to its environment [1, 3]. In essence, every
physical motion becomes an IoT-like signal broadcast by the cube to its own system or
to other systems.

4.10T connectivity and external integrations

The WowCube’s communications and accessories enable it to join external IoT
ecosystems. By default, each cube connects via Bluetooth 4.2/BLE, allowing it to pair
with PCs or mobile devices. More powerfully, the company provides a DIY dock sta-
tion based on Raspberry Pi, explicitly to “connect the world of WOWCube Systems to
the world of Raspberry Pi” [5]. In practice, this dock is a small 2 x 2 board that mates
a Raspberry Pi’s GPIO to the cube’s magnetic connector bus. Developers can attach
sensors, actuators, or network interfaces to the Pi, while the WowCube is inserted on
top. This turns the cube into an IoT “controller” or display. For example, one could
attach a Pi camera or environment sensor, send its data into a WowCube app, or
conversely send cube gestures to control a home device via the Pi.

Figures 3 and 4 show the WowCube DIY Dock components [5]. The Pi (Figure 3)
runs Linux and the WowCube’s SDK example servers, while the shield (Figure 4)
maps the cube’s contacts to the Pi’s pins. Through this, almost any IoT service becomes
accessible to the cube. For instance, one could code a WowCube game to trigger a
drone launch when a puzzle is solved, or use cube motions to adjust smart lights. The
creative tools page notes: “Do you want to connect the cube to something unusual —
IoT, robots, drones, watering systems, etc.? Everything is possible with a DIY dock
station” [5]. This explicitly invites IoT integration.

It is significant that the WowCube is provided with an open development envi-
ronment. The Software Development Kit (SDK), written in C/C++ and using UDP
networking, along with the application programming interfaces (APIs), enables the
execution of WowCube logic on different platforms [4]. Thus, a game engine executed
on a personal computer is able to receive sensor information broadcast from the cube
or send instructions to its display screens. For example, a developer can make an
application in Godot or Unity that maps the cube’s tilt and taps to virtual actions, and
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Figure 3.
Raspberry Pi computer. This standalone circuit board operates in the WowCube “DIY Dock Station” for bridging
the cube to Internet of Things peripheral devices [5].

at the same time, render graphics either on the cube or on the personal computer. The
cube can be used as a smart peripheral; its displays can present extra game viewpoints,
such as an “item board” or map, while main gameplay happens on the PC. The cube
could also display sensor data from an Internet of Things (IoT) network in real time.
The WowCube documentation explicitly states that it provides an “open API and SDK
to enable independent developers to develop their own applications” Figure 5 [4].

In summary, WowCube’s IoT capabilities stem from two elements: (1) built-in comms
and sensing (Bluetooth + IMU) for wireless link and gesture capture, and (2) hardware
docks/SDK that bridge to external devices. These allow WowCube to function either as an
IoT-enabled controller (sending sensor-based commands outward) or an IoT-informed
display (receiving external data and showing it across its 24 screens).
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(a)

(b)

Figure 4.

Printed civcuit board PCB of the Do-It-Yourself Dock “Shield.” The adapter board allows interfacing of the

module bus of the WowCube with a Raspberry Pi [5].

4.1 AR integration using MergeEDU

In a practical application of augmented reality integration, the WowCube has been
effectively combined with the MergeEDU platform as a physical augmentative control-
ler and display for augmented reality visualizations. For instance, in presentations
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Figures.
Shows the WOWCube being used as an input device in the Godot game engine to send commands for movement.

involving Merge’s augmented reality app, the WowCube was used to move and rotate a

digital globe overlay in accordance with the physical movement of the cube Figure 6 [8].
These practical applications demonstrate the WowCube ability to interact with

spatial augmented reality systems, not just as a theory, but as an effective learning device.

4.2 Practical applications of board games

Beyond video games, the WowCube has also seen use in physical board game
implementations. In one project, single modules were employed as dynamic character
tiles displaying player statistics, health, or identities on the screen. Players could
rotate modules to change orientation or trigger in-game effects.

These modules illustrate the WowCube’s value as a smart IoT object that bridges
physical and digital play areas Figure 7.

4.3 Demonstrating neural input (MEG device)

In a first-of-its-kind experimental setup, the WowCube was demonstrated to
respond to input from a brain-machine interface. A subject connected to a MEG device
[9] was able to manipulate aspects of the cube with brain signals, opening new possibili-
ties for accessibility and cognition-based IoT interaction. This proof-of-concept experi-
ment showcases the system’s support for nontraditional input techniques Figure 8.

5. WowCube as game controller and AR display

Apart from its built-in games, the WowCube is also an input and display peripheral for
other third-party platforms. Its wireless, modular design allows it to be compatible with
typical game engines. For example, developers working with Unity or Godot can think of
each of the cube’s faces as a user interface tile or heads-up display (HUD), and map cube
movements to game controls. The WowCube game jam community has seen it used as an
external controller with custom engine projects. While official examples for Godot are
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&
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Figure 6.
AR GLOBE application running on the WOWCube® system. Screenshots show the augmented reality interface,

where the physical rotation of the WOWCube manipulates a virtual globe in veal time. The system demonstrates
spatial interaction between tangible input and digital content [8].
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Figure7.
Dynamic character modules ave used in a physical board game powered by the WOWCube® system.

Figure 8.
Neural control of the WOWCube® via MEG interface. The figure depicts a subject using
magnetoencephalography (MEG) to control the WOWCube system [9].

lacking, the principle is still clear: Since the cube’s Software Development Kit (SDK) com-
municates over UDP/Bluetooth Low Energy (BLE), it can interface with any engine that
can handle network or Bluetooth inputs. Furthermore, independent projects have already
demonstrated the WowCube being used to control off-screen games, such as driving a car
by tilting the cube. These creative uses highlight the Internet of Things (IoT) aspect: After
all, the data and visual output from the cube are just network packets and images, usable
for external systems.

In addition, the WowCube modules have the potential to be reconfigured for
augmented reality (AR) and novel geometric uses. The WOWBlock accessory
(“Standard blocks allow connecting cube modules to create an alternative geometry”
[5]) enables the creation of walls, panels, or bespoke shapes using these modules. It
is possible to arrange the modules into either a planar surface or an irregular shape,
thus acting as interactive AR markers. For instance, when the AR camera of a game
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engine detects the unique pattern of screens, virtual objects can be bound to those
same physical points. Then, each module’s screen could display a piece of a larger
map or offer contextual details. This evolved concept turns the cube from an indi-
vidual unit into a modular AR map. As noted by Kim et al., the use of AR with the
Internet of Things (IoT) entails the ubiquitous combination of physical and digital
spaces [1]. The WowCube’s ability to form configurable surfaces fits into this concept
of “AR-IoT”: The physical cube modules are effectively turned into smart pixels in
the real world Figure 9.

In summary, the WowCube can work alongside classic controllers at the same
time. Figure 10 illustrates conventional gamepads, which mainly rely on button

Figure 9.

Hllustrates the disassembly of the Wow Cube into individual modules and then organized in a flat plane, where
it is being utilized as a modular augmented veality (AR) map. Each module is a dynamic display tile that can
interact with virtual objects via physical arrangement.

Figure 10.
Classic game controllers. Those devices can be supplemented with the multi-screen, sensor-integrated interface of
the WowCube in order to enable hybrid (IoT) gaming [1].
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presses; adding a WowCube complements the input options. For example, ina
multiplayer game, classic controllers can be used for movement, and the WowCube
can be an interactive puzzle or stat display. Contemporary trends in IoT game design
favor “embodied interaction,” where body gestures or object movements are used as
game inputs [1], a space where the WowCube shows remarkable prowess. By combin-
ing timeless and IoT-style input techniques, designers can create more immersive
interactions.

In a recent game jam [10], WowCube was successfully integrated with the Godot
engine to act as a motion-based controller. The developers used its built-in IMU and
SDK to map cube tilts and rotations to the game’s movement and interaction controls,
demonstrating how WowCube can function as an external, networked input device
for third-party engines like Godot, Unity, Unreal, or even custom engines. This
showcases the potential for growth beyond its use as a standalone console for internal
games.

6. Technical issues and concerns

The WowCube’s technical specs impose some limits. Each module’s microcon-
troller has limited RAM/flash (e.g., ~192 kB RAM [2]), so game code must be effi-
cient. Screen resolution per face (240 x 240) is low by modern standards, so graphics
are pixellated. The cube’s inertia means very fast flips can cause missed sensor
readings; debouncing algorithms are needed to avoid false double-taps. Its Bluetooth
4.2 link offers modest bandwidth, so wireless control of the cube (e.g., streaming an
external app to the cube’s screens) is lower-performance than local apps. These con-
straints mean that IoT usage is typically event-driven or low-bandwidth (e.g., sending
sensor values or static images).

Another challenge revolves around synchronization of multiple modules.
While data sharing is made easier by the WowCube’s operating system, new
applications of Internet of Things (IoT), namely, assigning each module an
augmented reality (AR) target status, will need to solve small differences in align-
ment of displays, as well as latency in data transmission while rotating modules.
Continuous data streaming is facilitated by magnetic connectors when modules
are connected [4]; nevertheless, connections can momentarily be disrupted while
components rotate, potentially creating delays in communication amidst compli-
cated movements. The system does contain data-buffering capabilities that will
enable continued data transmission without interruption once regular connectiv-
ity is resumed. Notably, the WowCube’s firmware has been designed such that
“when two modules are close enough, their neodymium magnetic balls bind to
each other which seals contact and the transferring of data between the modules,”
[4] thus minimizing data loss.

Despite these issues, the WowCube has demonstrated robustness in mixed
configurations. The modular OS is even agnostic to cube size: “it does not matter
ifitisa2 x 2 or 3 x 3 model cube... the operating system will be able to manage
and control how the cubes in the device interact” [4]. This suggests future IoT
games could involve larger WowCube arrays. The current challenge for develop-
ers is content creation: Each game must consider eight displays and six degrees
of motion freedom. The open SDK and community examples help, but designing
“sensor-driven” IoT gameplay requires multidisciplinary creativity (electronics,
game design, AR frameworks).
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6.1 Packet size and bandwidth limits

WowCube defines a maximum transmission packet size of 28 bytes (#define
MAX_PACKET SIZE 28), equivalent to 224 bits, which constrains real-time data
streaming and high-resolution content updates. Developers must utilize compact data
formats and often rely on a utility like save.inc for compression.

To illustrate, the following chart compares typical data types and their feasibility
over a single packet Table 1.

6.2 Memory and processing bottlenecks

Each WowCube module is equipped with a low-power SoC microcontroller that
has limited RAM (around 192 KB) [6] and flash memory. While sufficient for simple
games and sensor-driven input, this constrained memory has its limits:

Game code must be extremely optimized, utilizing as few large buffers, assets, or
real-time render operations as necessary.

Audio processing is minimal, with the only supported waveforms being small.
(wav 16-bit Signed PCM @ 22,050 Hz, mp3 CBR and VBR @ 32 kHz, 44.1 kHz, and
48 kHz from 24 kbps to 192 kbps).

Complex physics simulations, Al, or procedural generation must be offloaded
to other systems (e.g., via Bluetooth/UDP) or dealt with using light-weight
approximations.

Additionally, with a resolution of only 240 x 240 per screen, full-frame high-
resolution imagery or video streaming is quite impractical [6].

Developers should use:

* Condensed assets
* Tile-based graphics
o Utilize delta updates instead of complete redraws.

The constraints seen in the development of the WowCube mirror those seen in
embedded systems or retro handheld consoles, creating a unique blend of game
development and microcontroller engineering Table 2.

Data type Size (bytes) Fits in one packet? Notes

Boolean flag 1 v Yes Simple game states

RGB color (1 face) 3 v Yes For visual effect updates

3-axis IMU reading 6 v Yes Accelerometer input

4 x 4 sprite frame 16-20 v Yes (compressed) Minimal animations

8 x 8 sprite frame 64 X No Must be split across packets

Game HUD update ~100 X No Potentially laggy via BLE

Full-screen update (240 x 240) ~57 KB XX No way Must use delta rendering only
Table 1.

Data types used in WOWCube communication and their transmission feasibility over BLE packets.
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Platform RAM Screen resolution Wireless Features

‘WowCube 192 KB 3 x 240 x 240 IPSLCD Bluetooth 4.2 Sensor input, magnetic

module (per module) BLE connectors, CubiOS

ESP32 320-520 KB External (via SPI or Wi-Fi + BLE Low-power dual-core SoC,
Endpoint) widely used in IoT

Arduino mega 8 KB External None Basic microcontroller, no native

display
Raspberry Pi 4 1-8 GB HDMI (full HD) Wi-Fi + BT Full OS, desktop-class apps,
USB/HDMI/GPU
Table 2.

Comparison of various IoT hardware platforms in relation to the WOWCube.

6.3 Physical durability and stress testing

The WowCube platform has undergone extensive physical stress tests [11], includ-
ing high/low temperature exposure (+75°C to —40°C), vibration, salt/dust resistance,
and electrostatic discharge (ESD). According to statements from the CEO, upcoming
crash tests are planned to validate structural integrity under impact.

These trials confirm that the WowCube hardware is being engineered not only for
gameplay but for use in demanding or educational physical environments [6].

7. Conclusion

The WowCube exemplifies a connected, tangible gaming platform at the intersec-
tion of IoT and AR. Its 6-axis sensors (gyro+accelerometer) enable novel gameplay
controls, for example, using tilt, tap and shake as input—while its modular, wireless
hardware and SDK allow it to interface with other devices and software. By adding a
Raspberry Pi dock, one can extend the WowCube’s reach to any IoT gadget (robots,
sensors, home systems) [3]. In mixed-reality contexts, WowCube modules can
serve as dynamic physical screens or markers for AR overlays [1, 5]. As an example,
developers have integrated the cube with game engines (Unity, Godot) to use it as
an external controller or multi-view display. This chapter has outlined the techni-
cal underpinnings and integration scenarios of the WowCube, supported by the
literature on pervasive gaming and tangible interfaces [1, 2]. The WowCube’s design
illustrates the way that physical manipulation and built-in sensors can transform a
normal puzzle into an IoT-enhanced gaming device, offering a blueprint for future
interactive hardware.
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Edited by Tibor Guzsvinecz

In this book, the role of video games is examined within the contexts of entertainment,
education, and technology. The chapters presented in this book demonstrate how
video games support engagement, skill development, and collaborative learning. The
emphasis of this book is placed on user-centered design methodologies, virtual agents,
and the sociocultural dimensions of game-based interactions. Also, the integration
of sensor technologies, augmented reality interfaces, and artificial intelligence is
investigated in adaptive gameplay environments. This book is intended for academics,
educators, and developers who seek to understand the pedagogical, psychological, and
mechanical aspects of game-based learning.
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