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Chapter 1

Introduction to Serious Games in Health 
Education 

Afra Çalık1

Abstract

This chapter provides a conceptual overview of serious games in health 
education, highlighting their potential to enhance traditional training 
through interactive and technology-supported methods. As healthcare 
systems face increasing complexity, serious games emerge as promising tools 
for delivering safe, scalable, and learner-centered education.

Key components, including gameplay, narrative, feedback, and collaboration, 
are introduced as foundational elements that support both individual and 
team-based learning. The chapter also addresses key challenges, including 
technological limitations, cultural barriers, and the need for robust evaluation 
methods.

Grounded in theories such as flow, constructivism, and social cognitive 
learning, the chapter lays the theoretical groundwork for understanding how 
serious games function as practical educational tools.

1.1 Historical and Conceptual Overview of Serious Games

The historical foundations of the serious games concept date back to 
1938 with Dutch cultural historian Johan Huizinga’s work “Homo Ludens.” 
Huizinga defined humans as inherently “playful” (homo ludens) beings and 
considered play as a serious and indispensable aspect of social interaction, 
cultural development, and the building blocks of society. According to 
Huizinga, play is an activity based on rules, voluntary, and occurring within 
a limited framework; however, within this structure, it contains deep social 
and cultural meanings (Huizinga, 1938). The emergence of serious games 
is a reinterpretation of this historical perspective in the digital age. Early 
serious game designers began using these tools to simulate real-life scenarios 
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and bridge learning objectives with players by discovering the potential of 
interactive environments offered by video games.

This historical approach was reinterpreted with the digital age, giving 
rise to the concept of “serious games.” The term Serious Game (SG) first 
appeared in a book published by Clark Abt in 1970 (Abt, 1970). Serious 
games can be viewed as games that target both real-world and non-real-
world scenarios, aim to improve player performance and cognitive abilities, 
and contain goal-oriented tasks (Michael & Chen, 2006).

Serious games differ from pure entertainment games in that 
they aim to train or encourage behavioral change. Serious games are 
structured with additional motivation that includes at least one explicit 
reality simulation and a serious purpose, unlike traditional games focused 
solely on entertainment. Developers and researchers from various disciplines 
define these games differently, according to the needs of their respective 
fields.

•	 Key Definitions in the Literature

Zyda (2005) defines a serious game as:

“A mental contest, played with a computer in accordance with specific 
rules, that uses entertainment to further government or corporate training, 
education, health, public policy, and strategic communications goals. 
Additionally, serious games have more than just story, art, and software” 
(Zyda, 2005).

Navarro et al. (2010) describe serious games as:

“An emerging technology of increasing importance for expertise training, 
taking advantage of 3D games and game engines to enhance users’ realistic 
experience” (Navarro et al., 2010).

Graafland (2012) explains serious games from an educational 
perspective:

“An interactive computer application that has a challenging goal, is fun 
and engaging to play, incorporates some scoring mechanism, and supplies 
the user with skills, knowledge, or attitudes useful in reality” (Graafland et 
al., 2012).

Mayer (2014) defines serious games for learning as:

“Games for learning contain both game features intended to motivate 
students to play the game and instructional features intended to engage 
appropriate cognitive processing during game play” (Mayer, 2014).
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As an alternative to these traditional definitions, Sabrina Culyba and 
the Schell Games team prefer the term “transformational games” instead of 
“serious games.” This approach, featured in Culyba’s book “Transformational 
Framework” (2018), defines them as “an interactive system that uses human 
psychology to affect players and create change in the real world.” These 
games aim to create meaningful change in the real world through the player’s 
interactions and decisions within the game (Culyba, 2018).

1.2 The Rise of Serious Games in Healthcare

The use of serious games in health education has gained momentum 
with the development of technology-enhanced learning approaches, and 
these games have become an important tool for comprehensively developing 
the knowledge, skills, and attitudes of health professionals and students. In 
high-risk areas with low error tolerance, such as health education, the need 
for digital tools that enable learners to apply theoretical knowledge and gain 
experience in a safe environment has made serious games particularly valuable 
in this field. Through interactive learning, simulation-based applications, 
and scenario-focused feedback mechanisms, games can support not only 
knowledge transfer but also higher-order cognitive skills such as decision-
making, communication, and crisis management.

One of the first serious game examples in healthcare was Pulse!!, 
developed in 1994, which emerged as a virtual simulation designed to train 
emergency management and clinical decision-making skills. Players were 
confronted with tasks such as patient assessment, intervention planning, and 
implementation in a digital hospital environment, thus finding opportunities 
to apply their theoretical knowledge. Pulse!! was developed by Texas A&M 
University Corpus Christi and funded by the U.S. Office of Naval Research. 
The game aims to teach health professionals to make rapid and accurate 
clinical decisions in a virtual emergency room environment. It supports the 
acquisition of complex skills through gaming with elements such as real-time 
case management, visual cues, time pressure, and dynamic patient status 
changes. However, despite this pioneering initiative, there was a notable 
stagnation in the proliferation of serious health games from the 1990s to 
the mid-2000s.
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Figure 1. Pulse!! - Early serious game for emergency medical training

Several fundamental factors lie behind this stagnant period. First, 
throughout the 1990s, limited computer hardware capacity, low visual 
reality levels, and high software development costs hindered the effective 
use of serious games in areas requiring high accuracy, such as healthcare. 
Additionally, in disciplines with traditional structures, such as medicine 
and health education, there was a degree of skepticism toward game-based 
approaches. The association of the game concept with “entertainment” 
caused these tools to be incompatible with seriousness, leading educators 
and decision-makers to approach such digital innovations with distance. 
During this period, pedagogical evidence regarding game-based education 
had not yet formed sufficiently, and methods for measuring the impact of 
games on learning outcomes remained limited.

This stagnation was broken in 2006 with the release of the game called Re-
Mission. Developed by HopeLab, this game was designed for adolescents 
and young adults undergoing cancer treatment, aiming to increase disease 
awareness, encourage medication adherence, and support psychological 
resilience. In the game, players attempt to destroy cancer cells in the body 
using a micro robot; during this process, they encounter educational content 
and gain a sense of empowerment and control. Randomized controlled 
studies on the pedagogical and clinical effects of Re-Mission have shown 
that the game has significant effects on treatment adherence, changes in 
health behaviors, and motivation (Kato et al., 2008).
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Figure 2. Re-Mission - Cancer education game for young patients

Another notable example from this period is the game Packy & Marlon 
(2008). Although its first version was developed for the Super Nintendo 
Entertainment System (SNES) in 1995, this game began to be reevaluated 
in digital health education literature in the 2000s. This game, which explores 
the daily life struggles of two elephants with diabetes, aims to educate 
children on basic concepts such as insulin use, healthy nutrition, and the 
importance of exercise through an engaging story. As illustrated in Table 
1.1, different types of serious games serve various educational purposes 
in healthcare, ranging from individual skill development to team-based 
collaborative learning.

Figure 3. Packy & Marlon - Diabetes education game for children
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Table 1.1. Types of Serious Games in Healthcare Education

Serious Game Type Example Educational Purpose

Role Playing (RPG) Re-Mission Behavioral change, 
awareness

Strategy Game Pulse!! Decision making, crisis 
management

Puzzle/Simulation ABCDE Room Clinical protocol 
application

Social Interactive Game Air Medic Sky One Teamwork, 
communication

For serious games to be effective, not only content but also multi-
dimensional design elements such as game mechanics, visual narrative, user 
experience, and interaction models must be carefully constructed. In this 
context, interdisciplinary collaboration between game developers, health 
experts, educational scientists, and designers is essential. Serious games 
should have not only good graphics but also pedagogically meaningful 
scenarios, correct feedback systems, and a structure that will involve the user 
in the learning process. The second part of the book addresses these design 
and technological principles in detail.

1.3 Distinction Between Simulation and Serious Games

Although the concepts of “simulation” and “serious games” are often 
used in conjunction with each other in the field of health education, there 
are significant structural and pedagogical differences between these two 
methods. Both approaches aim at learning by engaging users in scenarios 
similar to real-life situations; however, they differ in terms of purpose, 
structure, and presentation style.

Simulations are dynamic models that allow users to modify specific 
parameters and observe the resulting effects on the system (De Jong, 1991, 
2011). Educational simulations mainly prioritize proximity to reality and 
aim to present the learning environment in a form as free from variables 
as possible. The primary purpose is to enable users to learn through 
experience, particularly to test clinical skills, procedural applications, and 
decision-making processes in a safe environment (Landers & Armstrong, 
2017; Gredler, 2004).

Serious games, unlike simulations, offer more flexible and motivating 
structures enriched with game elements. These structures include scoring, 
leveling up, feedback loops, rewards, story construction, and aesthetic 
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elements. While serious games are generally constructed around winning, 
reaching a goal, or progressing in a competitive environment, simulations 
are based on more free learning scenarios that involve trial-and-error and 
observation (Rieber & Noah, 2008; Sitzmann, 2011).

Landers and Callan’s (2012) study reveals that the educational effects 
of serious games are shaped not only by content but also by the behavioral 
and attitudinal mediation of the game structure on learning. Therefore, to 
evaluate the effect of serious games in an educational program, it is necessary 
to focus not only on the game’s content but also on the behavioral effect of 
this content on the learner and post-game evaluation processes (Landers, 
2014; Garris et al., 2002; Granic et al., 2014).

1.3.1 Practical Example: Intramuscular Injection Training

Intramuscular (IM) injection training is a fundamental clinical skill that 
can be taught through both high-fidelity simulations and serious games in 
healthcare. We can distinguish these two methods as follows:

High-fidelity simulation provides students with the opportunity to 
practice physically on a humanoid mannequin in a laboratory designed 
similar to a real clinical environment. These systems are usually equipped 
with advanced feedback technologies and can detect whether the injection is 
applied to the correct area. The simulation is performed using real medical 
devices and conducted under the supervision of an instructor.

A serious game teaches the same skill in a digital environment, 
accompanied by gamified rules and objectives. The player injects a virtual 
character; when correct techniques are used, the character recovers, and 
when errors are made, complications arise. Thus, the user grasps cause-
and-effect relationships through interactive learning and takes an active role 
in the learning process. The game’s rules are directly related to learning 
objectives, and success is reinforced with in-game rewards.

This example illustrates how serious games incorporate motivational and 
behavioral aspects, while high-fidelity simulations facilitate physical practice. 
Both methods serve different learning objectives and can produce powerful 
results in health education when used in combination.

1.4 Benefits of Serious Games

The increasing use of serious games in health education is not only a 
result of technological developments but also the recognition of the multi-
dimensional benefits these games offer to the learning process. Today, 
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serious games offer practical learning experiences in cognitive, affective, and 
psychomotor domains, surpassing traditional teaching methods. There are 
multiple factors explaining why these games have become a strategic tool in 
the education of health professionals.

1.4.1. Enhanced Learning Retention

First and foremost, serious games significantly increase prolonged 
retention. The game-based learning process engages learners simultaneously 
in emotional, cognitive, and physical ways. Complex medical concepts 
become easier to understand and remain more memorable for more extended 
periods when placed in meaningful contexts through digital scenarios. The 
concretization of abstract information in traditional education leaves lasting 
impressions on the learning process (Squire, 2011; Gee, 2003).

1.4.2. Measurable Learning Outcomes

Serious games also offer significant advantages in producing measurable 
outcomes. Through in-game analytics, various parameters, including user 
interaction, success rate, decision-making time, and learning curves, can be 
tracked. This data enables the optimization of learning processes and the 
development of content or structure within the game. Thus, educational 
material can be continuously updated with real-time feedback and data-
driven improvements (Kiili et al., 2018).

1.4.3. Clear Learning Objectives

The structuring of games includes clear objectives that allow learners 
to track their progress. These goals break down complex tasks into smaller, 
achievable steps, thereby maintaining high learner motivation. Students are 
rewarded with each success, making the learning process not only functional 
but also satisfying. This gamification logic is used not only in education but 
also in tracking health behaviors; for example, applications like Habitica 
support individual behavior change by gamifying healthy habits (Deterding 
et al., 2011).

1.4.4. Customization and Adaptability

Serious games can also be adapted to different age groups, cultural 
contexts, or health conditions thanks to their customization features. This 
flexibility enables games to be effective not only at the individual level but 
also at the societal level. For example, a game promoting healthy eating 
habits can be structured with fun graphics for children, while a more 
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straightforward and more directive interface can be preferred for elderly 
individuals (Baranowski et al., 2016).

1.4.5. Cost-Effectiveness

When evaluated in terms of cost, serious games offer cost-effectiveness. 
While traditional simulation laboratories or face-to-face education scenarios 
require high budgets, a digitally developed game can reach thousands of 
users at a low unit cost once it is developed. In this aspect, serious games 
offer a sustainable learning model for medical schools, nursing schools, and 
public health programs (Connolly et al., 2012).

1.4.6. Enhanced Motivation and Engagement

Motivation in games is also a critical aspect of health education. Unlike 
the stressful and risky environments of real life, serious games provide 
learners with a safe space to experiment and explore, allowing them to 
take the risk of failure. This sense of freedom triggers intrinsic motivation, 
enabling the learner to actively participate in the learning process (Ryan & 
Deci, 2000).

1.4.7. Practical Application Opportunities

Serious games also allow for practical application. Transferring real-life 
scenarios to the digital environment enables learners to test their theoretical 
knowledge in a safe and controlled environment. Thus, higher-order 
cognitive skills such as decision-making, problem-solving, prioritization, 
and crisis management develop effectively. These skills find correspondence 
not only in healthcare but also in various disciplines, such as the military, 
education, public, and private sectors (Wouters et al., 2013).

1.4.8. Multi-Platform Accessibility

Games have become accessible on different devices today. Thanks to the 
widespread platform feature, serious games offer a vast access network, 
ranging from mobile phones to computers. This situation enables the use 
of health games as time- and location-independent learning tools, primarily 
facilitating their integration with distance education models (Boyle et al., 
2016).

1.4.9. Immediate Feedback Mechanisms

Serious games also guide user behaviors through instant feedback 
mechanisms. Correct or incorrect actions taken during the game are instantly 
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reported to the user, thereby reinforcing behavior change over time. This 
feedback loop both personalizes and accelerates the learning process (Shute, 
2008).

1.4.10. Safe Learning Environment

Finally, serious games offer learners a safe environment. The opportunity 
to practice in virtual scenarios before encountering real patients offers a 
significant advantage for both students and instructors. Students can develop 
new skills, gain experience, and progress at their own learning pace without 
fear of making mistakes (Cook et al., 2011).

1.5 Design and Development Considerations

The development process of serious games requires the collaboration of 
multidisciplinary teams. These teams include game designers, programmers, 
graphic artists, testing specialists, and especially content providers. Content 
providers not only provide expertise knowledge in the field targeted by the 
game but also play an active role in determining critical parameters such as 
the game’s difficulty level, reward-punishment structure, and pedagogical 
consistency. The size of the team varies depending on the game’s scope, 
budget, and development time.

Technically, serious games have three basic components: game engine, 
database, and design software. The game engine forms the core of the 
system, managing user interactions and determining how the game will 
function. All content, including 2D and 3D graphic assets, is stored in the 
database and presented to the user during the game. Design software is used 
in the production of visual and animation elements. This triple structure 
operates in an integrated manner to create the game experience and enable 
feedback mechanisms to function effectively. The balanced combination 
of all these components directly determines both the technical quality and 
pedagogical effect of the game.

Additionally, components such as pedagogy, psychology, graphic design, 
sound design, interaction modeling, and technical infrastructure need to 
work in harmony. This process necessitates interdisciplinary collaboration. A 
good analysis of the learner’s profile and needs, establishing a content-design 
balance, and making learning objectives compatible with game mechanics 
are critically important.
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Potential Limitations and Challenges

However, serious games also face several limitations and challenges 
that must be acknowledged:

Technical Barriers: High development costs, need for technical 
expertise, and platform compatibility issues can limit accessibility (Arnab et 
al., 2015).

Cultural Resistance: Traditional educational institutions may resist 
adopting game-based approaches due to concerns about academic rigor 
(Whitton, 2014).

Evidence Gaps: While promising, long-term effectiveness data for many 
serious games applications remain limited, requiring more rigorous research 
(Connolly et al., 2012).

Individual Differences: Not all learners respond equally well to game-
based learning, requiring careful consideration of learning preferences and 
accessibility needs (Kiili et al., 2018).

Quality Control: The rapid growth in serious games has led to varying 
quality standards, making it crucial to establish evaluation frameworks 
(Dziorny, 2007).

This book will examine the theoretical models of serious game design, 
technological application areas, evaluation methods, and various scenario 
examples in depth in the following chapters.

1.6 How Do Serious Games Work?

Serious games are dynamic systems that motivate learners and provide 
an interactive learning experience. Unlike traditional teaching methods, 
games integrate cognitive, affective, and social components into the learning 
process. This section addresses four fundamental elements that explain how 
games support learning.

1.6.1 Gameplay Mechanics

Interaction lies at the center of serious games. The player’s choices and 
actions in the game world shape the learning experience. This structure 
encourages learning through trial and error. In traditional digital games, 
content and context usually progress through predefined, static structures. 
This structure ignores differences in personal skills and learning speeds as it 
presents the same scenario and difficulty level to every user. This situation 
can lead to distraction or a decrease in the player’s motivation.



14 | Introduction to Serious Games in Health Education

According to flow theory, when a player faces a challenge appropriate to 
their skill level, they remain within the “flow channel”; that is, they experience 
neither too challenging nor tedious an experience (Csikszentmihalyi, 1990). 
To make this experience sustainable in serious games, adaptive gameplay 
mechanisms have been developed. These systems dynamically adjust content 
or difficulty level according to the user’s in-game interactions, preferred 
learning style, or way of interacting with the game.

In new generation serious games, especially in unsupervised learning 
scenarios, maintaining the player’s attention level is one of the primary 
priorities. Thanks to deep reinforcement learning (DRL) algorithms, the 
player’s attention level can be continuously monitored through indicators 
such as keyboard, mouse movements, or biometric data (Bellotti et al., 
2013). This data is used in the individual adaptation of contextual elements 
such as in-game sound effects, visual elements, or character behaviors. For 
example, the system can offer more attention-grabbing sound effects for a 
player who remains passive for an extended period or increase the tempo 
of events. Thus, the attention level, which is a prerequisite for learning, is 
maintained.

This DRL-based approach provides a more flexible and individualized 
learning environment compared to traditional rule-based systems. The use of 
high-level adaptive mechanisms in serious games for healthcare, particularly 
in subjects that require individualized applications (e.g., patient education, 
clinical decision-making), is gradually increasing (Loh et al., 2015).

For example, Touch Surgery, a mobile game, allows users to learn surgical 
procedures step by step. Each incorrect move receives both anatomical and 
functional feedback, and correct application methods are reinforced through 
instruction.

1.6.2 Narrative and Contextualization

Story and context enable the player to establish emotional and mental 
connections with the game world. Many serious games use metaphorical 
worlds to concretize abstract concepts. Narrative is not only background in 
game design but also a pedagogical building block.

In serious games, storytelling enables the presentation of technical, 
abstract, or complex information within an emotional context, adds meaning 
to learning, and helps information become more mentally permanent. 
Through narratives, the player not only acquires information but experiences 
the correspondence of that information within a context.
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In this context, by utilizing classical narrative structures such as Aristotle’s 
three-act structure model or Freytag’s dramatic structure pyramid, a 
parallelism can be established between the learner and the character’s 
development process. Thus, narrative becomes both a cognitive scaffold 
and an emotional interaction tool. As Henry Jenkins also emphasizes, not 
every game tells a story; however, especially in fields with emotional depth, 
such as health, storytelling deepens the player’s participation in the process 
(Jenkins, 2004).

The role of narrative in serious games is not limited to just presenting 
information; it also makes the game more meaningful by giving the player 
a sense of purpose. This situation is directly related to the “Meaning” 
dimension, one of the eight basic emotions defined in Yu-kai Chou’s 
Octalysis Framework. When players identify with the characters in the game 
and feel they are part of a task or story, they internalize their experiences 
not only at a cognitive level but also at emotional and ethical levels (Chou, 
2019).

For example, when a prospective healthcare worker saves a virtual patient 
in the game, this contributes to the reinforcement of not only technical skills 
but also values such as professional identity, empathy, and responsibility. 
Using narrative in this way removes serious games from being just a teaching 
tool and makes them a learning experience that also appeals to the player’s 
identity and value world.

In this context, Re-Mission offers a story world where young patients 
undergoing cancer treatment fight against cancer cells in their bodies. This 
metaphorical narrative allows the user to experience not only the disease but 
also the power to fight against it. Narratives enable the player to connect not 
only with knowledge but also with the meaning world of that knowledge, 
making learning more internalized and permanent.

AHlam Na 2.0, a mobile game-based learning application designed 
for adolescents in the Philippines, aims to enhance young people’s health 
knowledge and attitudes through narratives covering topics related to 
adolescent health. A study found that the game provided significant 
improvement in students’ health knowledge and attitudes (Alkaff et al., 
2020).

1.6.3 Progression and Feedback Systems

Games offer challenges appropriate to the user’s skill level and reward 
progress. This structure ensures that the learner maintains intrinsic 
motivation. For example, in the ABC-Spark Resuscitation game, students 
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receive positive feedback and their scores increase when they apply emergency 
protocols in the correct order. This system accelerates the learning process 
by providing an opportunity to correct knowledge errors immediately. 
Additionally, games can process frequently made errors as data and provide 
reports to instructors (Crookall, 2010).

1.6.4 Collaboration and Multiplayer Elements

The social dimension of learning is strengthened through the use of 
serious games. Multiplayer scenarios support learning processes shaped 
around team communication, role sharing, and common goals. For 
example, in the Air Medic Sky One game, players collaborate on scenarios 
that involve patient safety, stress management, and team coordination. Such 
applications are critical in areas such as clinical team skills and emergency 
response (Huang et al., 2010).

This chapter has provided a comprehensive introduction to serious games 
in health education, covering their historical development from Huizinga’s 
foundational work to contemporary applications. Key topics addressed 
include:

 • Historical Evolution: From early concepts of play to modern digital 
serious games

 • Definitional Framework: Multiple perspectives on what constitutes 
a serious game

 • Healthcare Applications: Progression from Pulse!! (1994) to 
current sophisticated platforms

 • Simulation vs. Games: Critical distinctions between these related 
but different approaches

 • Benefits and Limitations: Balanced view of advantages and 
challenges

 • Operational Mechanisms: How games facilitate learning through 
gameplay, narrative, feedback, and collaboration

The evidence presented demonstrates that serious games offer unique 
advantages in health education, particularly in providing safe practice 
environments, enhancing motivation, and supporting measurable learning 
outcomes. However, their successful implementation requires careful 
attention to design principles, pedagogical alignment, and recognition of 
potential limitations.



Afra Çalık | 17

References

Abt, C. C. (1970). Serious games. New York: The Viking Press.
Connolly, T. M., Boyle, E. A., MacArthur, E., Hainey, T., & Boyle, J. M. 

(2012). A systematic literature review of empirical evidence on computer 
games and serious games. Computers & Education, 59(2), 661-686.

Cook, D. A., Hatala, R., Brydges, R., Zendejas, B., Szostek, J. H., Wang, A. T., 
... & Hamstra, S. J. (2011). Technology-enhanced simulation for health 
professions education: A systematic review and meta-analysis. JAMA, 
306(9), 978-988.

Csikszentmihalyi, M. (1990). Flow: The psychology of optimal experience. Harper 
& Row.

Culyba, S. (2018). The transformational framework: A process tool for the develop-
ment of transformational games. ETC Press.

De Jong, T. (2011). Instruction based on computer simulations. In R. E. Mayer 
& P. A. Alexander (Eds.), Handbook of research on learning and instruction 
(pp. 446-466). Routledge.

Deterding, S., Dixon, D., Khaled, R., & Nacke, L. (2011). From game design 
elements to gamefulness: Defining “gamification.” In Proceedings of the 
15th International Academic MindTrek Conference (pp. 9-15). ACM.

Garris, R., Ahlers, R., & Driskell, J. E. (2002). Games, motivation, and le-
arning: A research and practice model. Simulation & Gaming, 33(4), 
441-467.

Gee, J. P. (2003). What video games have to teach us about learning and literacy. 
Palgrave Macmillan.

Graafland, M., Schraagen, J. M., & Schijven, M. P. (2012). Systematic review 
of serious games for medical education and surgical skills training. British 
Journal of Surgery, 99(10), 1322-1330.

Granic, I., Lobel, A., & Engels, R. C. (2014). The benefits of playing video ga-
mes. American Psychologist, 69(1), 66-78.

Gredler, M. E. (2004). Games and simulations and their relationships to lear-
ning. In D. H. Jonassen (Ed.), Handbook of research on educational com-
munications and technology (2nd ed., pp. 571-581). Lawrence Erlbaum 
Associates.

Huizinga, J. (1938). Homo ludens: A study of the play-element in culture. Beacon 
Press.

Kato, P. M., Cole, S. W., Bradlyn, A. S., & Pollock, B. H. (2008). A video 
game improves behavioral outcomes in adolescents and young adults 
with cancer: A randomized trial. Pediatrics, 122(2), e305-e317.



18 | Introduction to Serious Games in Health Education

Landers, R. N. (2014). Developing a theory of gamified learning: Linking se-
rious games and gamification of learning. Simulation & Gaming, 45(6), 
752-768.

Landers, R. N., & Armstrong, M. B. (2017). Enhancing instructional outcomes 
with gamification: An empirical test of the technology-enhanced training 
effectiveness model. Computers in Human Behavior, 71, 499-507.

Mayer, R. E. (2014). Computer games for learning: An evidence-based approach. 
MIT Press.

Michael, D., & Chen, S. (2006). Serious games: Games that educate, train, and 
inform. Thomson Course Technology.

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitati-
on of intrinsic motivation, social development, and well-being. American 
Psychologist, 55(1), 68-78.

Sitzmann, T. (2011). A meta-analytic examination of the instructional effecti-
veness of computer-based simulation games. Personnel Psychology, 64(2), 
489-528.

Squire, K. (2011). Video games and learning: Teaching and participatory culture 
in the digital age. Teachers College Press.

Wouters, P., Van Nimwegen, C., Van Oostendorp, H., & Van Der Spek, E. D. 
(2013). A meta-analysis of the cognitive and motivational effects of seri-
ous games. Journal of Educational Psychology, 105(2), 249-265.

Zyda, M. (2005). From visual simulation to virtual reality to games. Computer, 
38(9), 25-32.



19

Chapter 2

Design Principles and Models for Serious 
Games 

Ridvan B. Saglam1

Abstract

Serious games in health education require structured design approaches that 
strike a balance between pedagogical effectiveness and engaging gameplay. 
This chapter examines the evolution of design methodologies developed 
specifically for educational game development, analyzing how different 
models address the unique challenges faced by multidisciplinary health 
education teams. Through comparative analysis, we explore three established 
frameworks: The Design-Play-Experience (DPE) model, which provides 
systematic organization of game elements; the Activity Theory-Based Model 
of Serious Games (ATMSG), which grounds design decisions in educational 
theory; and the Learning Mechanics-Game Mechanics (LM-GM) framework, 
which ensures alignment between instructional strategies and interactive 
features. Building upon these foundations, the chapter presents a detailed 
examination of the Art of Serious Game Design (ASGD) framework—a 
collaborative methodology specifically developed for education contexts. 
ASGD addresses the limitations of existing models by providing structured 
yet flexible tools for interdisciplinary teams, including ideation cards, visual 
canvases, and iterative design processes. Through practical examples and 
framework comparisons, this chapter demonstrates how structured design 
approaches can bridge the gap between educational theory and game 
development practice, enabling healthcare educators, instructional designers, 
and developers to create compelling learning experiences that maintain 
clinical accuracy while fostering engagement.
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1.Why structured design approaches are essential for serious games 
in health education

Serious games are transforming health education. They let learners safely 
explore clinical situations, practice decision-making, and develop critical 
skills—without endangering real patients.

However, without a well-structured design, these games often fail. They 
can become expensive projects that neither teach effectively nor engage 
players. That is because most existing game design methodologies were built 
for entertainment—not for the complex needs of interdisciplinary health 
education teams.

Key Terms:

 • Serious Games: Digital games designed primarily for educational 
purposes rather than entertainment

 • Game Mechanics: Basic rules and systems that define player 
interactions (e.g., scoring, progression)

 • Game Dynamics: Emergent behaviors arising from mechanic 
interactions during play

 • Framework: Structured methodology providing systematic design 
guidelines

 • Interdisciplinary Teams: Collaborative groups from different fields 
(clinicians, educators, developers)

Recent evidence shows the potential of well-designed health games. For 
example, a study on asthma care showed that a rigorously designed game 
improved medication adherence (Poot et al., 2023).

To close the gap between general game design and education needs, 
Djafarova and colleagues developed the Art of Serious Game Design 
(ASGD) framework. ASGD is a step-by-step methodology tailored for 
concept development by educators, developers, and designers. It helps them 

 • Clarify and integrate learning objectives with game mechanics

 • Run focused, gamified brainstorming sessions without technical 
distractions

 • Streamline interdisciplinary communication through tangible 
artifacts

 • Maintain clinical accuracy while fostering creativity

https://pubmed.ncbi.nlm.nih.gov/37933305/
https://pressbooks.library.torontomu.ca/guide/
https://pressbooks.library.torontomu.ca/guide/
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Early evaluations are promising. ASGD helps teams clarify learning 
objectives, run focused brainstorming sessions, and develop solid game 
concepts—without sacrificing clinical rigor (Djafarova et al., 2023).

This chapter examines how structured design frameworks—and ASGD 
in particular—can address the challenges of developing serious games for 
health education.

2. Frameworks That Informed ASGD

2.1. DPE Helps Organize Game Elements—But Limits Health 
Team Creativity

The Design–Play–Experience (DPE) framework, created by Winn 
(2009), builds on the popular Mechanics-Dynamics-Aesthetics (MDA) 
framework.

The DPE model (2009) decomposes a serious game into five interlinked 
components—Learning, Storytelling, Gameplay, User Experience, and 
Technology—and ties each to three “layers” of the design process (Design, 
Play, and Experience). 

Figure 1. Expanded Design, Play, Experience Framework

In practice, teams:

1. Define goals and develop an initial design.

2. Playtest prototypes to observe how players experience those 
goals.

3. Iterate back on the design in light of play insights.
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Trade-offs for Health Education

 • Too analytical: Clinicians struggle to map hands-on expertise into 
abstract categories.

 • Linear & rigid: The mandatory sequence of construction-sheet 
questions can stifle brainstorming and rapid idea exchange.

 • Limited collaboration support: There’s a little built-in facility for 
real-time co-design under tight deadlines.

DPE encourages designers to refine these layers iteratively. For instance, 
a team creating a medication safety game could align dosage learning goals 
with realistic pharmacy simulations, scoring systems, and a clear visual 
interface.

This structured method offers a common design language for cross-
functional teams. However, DPE’s benefits come with trade-offs—especially 
in health education settings.

In practice, the framework might be found too analytical and abstract. 
It is possible for the practitioners to struggle to fit hands-on expertise into 
DPE’s conceptual categories. More importantly, DPE offers little support 
for real-time collaboration—a core requirement when clinicians, educators, 
and developers must co-design under tight timelines.

Bottom line: While DPE provides a useful map for organizing ideas, its 
rigidity slows down creative iteration in health game design. That makes 
it a partial fit—strong in theory, but often awkward in practice.

2.2. ATMSG Connects Design to Pedagogy—But Slows Creative 
Development

The Activity Theory–Based Model of Serious Games (ATMSG), 
developed by Carvalho et al. (2015), applies educational theory to every part 
of a serious game. It breaks game design into six interconnected components:

 • Subject – who the learner is (e.g., background, role)

 • Object – what learning goal the game targets

 • Tools – the game’s mechanics, visuals, and technology

 • Rules – formal and informal expectations in gameplay

 • Community – players, instructors, and social context

 • Division of Labor – who does what in the game and the learning 
environment
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Figure 2. Activity Theory Triangle

For example, an infection control game might define nursing students 
as the subjects, hand hygiene as the object, hospital protocols as rules, and 
clinical simulations as tools.

ATMSG’s strength lies in its pedagogical grounding. It helps teams 
connect game elements to learning theory, making it especially useful for 
research and evaluation.

But it has two major drawbacks in health game design:

1. It’s descriptive, not prescriptive. ATMSG is excellent for analyzing 
existing games—but it offers little support for developing new 
concepts.

2. It’s complex and slow. In fast-moving workshops, its detailed 
structure can overwhelm non-designers, especially clinicians with 
limited time.

In short, ATMSG is a powerful system for justifying a game after it’s 
built, but it lacks the flexibility and creative flow needed at the start of the 
design process.
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2.3. LM–GM Aligns Game Mechanics with Learning—but Misses 
the Big Picture

The Learning Mechanics–Game Mechanics (LM–GM) model, 
developed by Arnab et al. (2015), helps designers ensure that every game 
element serves a learning purpose.

It does this by pairing two types of mechanics in a matrix:

 • Learning Mechanics – instructional strategies like repetition, 
reflection, or feedback

 • Game Mechanics – interactive features like point systems, avatars, or 
progress bars

Figure 3. Learning and game mechanics used as the basis to construct the LM-GM map 
for a game

For example, if a game aims to teach diagnostic reasoning, the designer 
might pair the learning mechanic hypothesis testing with a game mechanic 
that rewards correct diagnoses under time pressure.

This approach is valuable because it prevents games from becoming “fun 
but pointless.” It ensures gameplay supports learning, not just engagement.
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But LM–GM has limitations:

 • It ignores bigger design elements like story, collaboration, or long-
term player motivation.

 • It assumes that users already have strong instructional and game 
design knowledge.

While each framework brings valuable insights—DPE for clean process 
layers, ATMSG for deep theoretical grounding, and LM–GM for aligned 
mechanics—they also introduce barriers in interdisciplinary, fast-paced 
health game contexts. ASGD was built atop DPE’s clarity but enriches it with 
flexible iteration, real-time collaboration tools (ideation cards, glossary), and 
explicit role division to better meet the needs of clinical-educational teams.

2.4. The Art of Serious Game Design (ASGD)

2.4.1. ASGD Helps Health Teams Design Games—Together, 
From Day One

The Art of Serious Game Design (ASGD) was created by Djafarova 
et al. (2023) to help multidisciplinary education teams— including 
clinicians, instructional designers (IDs), and game developers—co-design 
serious games from day one.  It emerged from real-world workshops with 
professionals from different sectors, educators, and game designers—
the very teams who build these games.

What makes ASGD different? It starts where other models don’t: with 
early-stage, collaborative design. Instead of analyzing a finished game, 
ASGD helps diverse stakeholders shape a game concept from the ground 
up.

It offers practical, hands-on tools for:

 • Defines clear learning objectives through structured prompts, 
anchoring every design choice

 • Frames clinical narratives by distinguishing embedded (intended) 
vs. emergent (player-driven) story elements

 • Selects goal-aligned mechanics (rules, dynamics, control mappings) 
that reinforce key clinical decisions

 • Maps realistic player experiences via a shared visual canvas that 
balances all game components
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2.4.2. The ASGD Canvas: A Shared Design Map

At its core is the ASGD Canvas—a poster printed as a circle with three 
concentric layers (Design → Play → Experience) split into four equal 
quadrants (Learning, Storytelling, Gameplay, User Experience). Teams 
populate it with sticky notes, ensuring equal weight for each component 
and iterative movement between layers. 

Detailed examples of canvas usage and ideation card applications can 
be found in the ASGD implementation guide (https://pressbooks.library.
torontomu.ca/guide/front-matter/introduction/ ).

Key Artifacts

1. Ideation Cards

o Solid-border deck for Part 1 brainstorming: broad idea 
generation

o Striped-border deck for Part 2: deep refinement and alignment 
with learning goals

o Cards prompt questions like “What are the game’s learning 
objectives?” or “How does the UI present progress?” ards prompt 

https://pressbooks.library.torontomu.ca/guide/front-matter/introduction/
https://pressbooks.library.torontomu.ca/guide/front-matter/introduction/
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questions like “What are the game’s learning objectives?” or “How 
does the UI present progress?” The complete set of ideation cards 
with usage examples is available in the brainstorming toolkit 
(https://pressbooks.library.torontomu.ca/guide/wpcontent/
uploads/sites/43/2018/06/BrainstormingPart1.pdf )

2. Glossary of Terms

o Ensures consistent understanding of pedagogical and game-design 
jargon across the team

3. Framework Poster

o The physical ASGD Canvas where ideas converge into a Low-
Fidelity Prototype (LFP)

2.4.3. ASGD Guides Teams Through 4 Flexible, Collaborative 
Design Stages

ASGD breaks early concept development into four iterative, hands-on 
stages—each mapping to one of the ASGD Canvas quadrants and designed 
to loop as new insights emerge. These aren’t rigid steps—they’re meant to 
loop, evolve, and respond to new insights as the design unfolds.

2.4.3.1. Learning Goal Mapping – What Should Players Learn? (Design 
layer)

The team starts by turning clinical or educational standards into clear, 
player-focused outcomes.

 • Instead of saying “improve hand hygiene,” the game goal becomes:  
“The player chooses the right hand hygiene action based on setting and 
timing.”

This step ensures every design decision ties back to what learners must 
know or do.

2.4.3.2. Narrative Ideation – What’s the Story Behind the Learning? (Play 
layer)

Next, the team shapes those goals into engaging, real-world scenarios.

Clinicians surface authentic scenarios (e.g., misdiagnosis, emergency 
protocols); designers use ideation cards to sketch branching narratives, 
embed clinical stakes, and ensure embedded vs. emergent story balance and 
then translate them into game elements—like branching dialogue, surprise 
events, or time-based decisions.

https://pressbooks.library.torontomu.ca/guide/wpcontent/uploads/sites/43/2018/06/BrainstormingPart1.pdf
https://pressbooks.library.torontomu.ca/guide/wpcontent/uploads/sites/43/2018/06/BrainstormingPart1.pdf
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Example: In a medication safety game, the story might follow a nurse 
managing high-risk patients over a simulated shift.

2.4.3.3. Mechanics Brainstorming – How Will Players Take Action? (Play 
⇄ Experience)

Using striped-border ideation cards, teams propose and refine game 
systems—timers for urgency, point/feedback loops for accuracy, level 
progression for mastery—while continuously checking alignment with 
learning goals.

2.4.3.4. Experience Alignment – Does the Game Feel Right? (Experience 
layer)

Finally, the team fine-tunes the player journey so the game is effective 
and emotionally engaging.

 • Is the interface intuitive?

 • Does the pacing support reflection and challenge?

 • Are emotions (like urgency, empathy, or confidence) aligned with the 
game’s purpose?

This stage blends UX design with instructional intent—so learners feel 
motivated, not just informed. 

Why flexible loops matter: Unlike linear models, ASGD lets teams 
cycle back to any stage as new ideas or constraints arise—mirroring best 
practices in iterative serious-game design.

2.4.3.5. ASGD’s Distinctive Advantages

Compared to other serious-game frameworks, ASGD does something 
crucial: it guides multidisciplinary teams through the messy, time-
constrained early stages of concept development—where clear goals, rapid 
iteration, and strong collaboration matter most.

Here’s how it differs:

•	 DPE (Design–Play–Experience)

Excellent for analyzing finished games but too linear and analytical 
for ideation workshops—its rigid, construction-sheet sequence can stifle 
creativity and slow down brainstorming.
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•	 ATMSG (Activity Theory–Based Model)

Deeply grounded in learning theory yet descriptive rather than 
prescriptive—it offers rich post-hoc analysis but little step-by-step guidance, 
and its complexity can overwhelm busy clinicians.

•	 LM–GM (Learning Mechanics–Game Mechanics)

Ensures each game mechanic serves a learning purpose but focuses 
narrowly on micro-level mechanics, overlooking narrative, pacing, and 
team dynamics—risking loss of big-picture coherence.

By starting at day one with shared tools (ideation cards, glossary) and 
a visual ASGD Canvas, ASGD helps teams:

1. Align on clear, player-focused learning goals

2. Frame authentic clinical narratives

3. Brainstorm mechanics that truly reinforce objectives

4. Iterate rapidly on low-fidelity prototypes

5. Maintain clinical accuracy while fostering creativity 

In real-world pilots, ASGD empowered organizations to design in-
house, streamline concept development, and communicate effectively—
all without outsourcing or settling for off-the-shelf games that miss specific 
learning needs.

Practical evolution: ASGD turns collaboration into an asset, not a 
barrier—so health-education teams build meaningful, playable learning 
experiences under real-world constraints.

2.5 Comparative Analysis and Future Directions

The evolution of serious game design frameworks reflects the maturing 
understanding of how educational goals can be effectively integrated with 
engaging gameplay experiences. Each design process examined in this 
chapter addresses specific aspects of the design challenge; yet, none provides 
a comprehensive solution for all contexts.

Selecting an appropriate design framework for serious games in healthcare 
depends heavily on the project’s constraints, team composition, intended 
outcomes, and design maturity level. The matrix below presents practical 
use cases aligned with each framework’s core strengths, offering guidance 
for interdisciplinary teams seeking the most suitable model.
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2.5.1. Framework Synthesis and Selection Guidelines

The comparative analysis reveals that methodology selection should 
be guided by project context, team composition, and intended outcomes 
rather than a one-size-fits-all approach. DPE excels in projects requiring 
systematic documentation and structured analysis, making it particularly 
suitable for large-scale implementations with extensive stakeholder 
involvement. Its strength lies in providing clear organizational structure, 
though this can become constraining during creative ideation phases.

Table 2.5. Framework Selection Matrix 

Scenario Primary 
Framework

Secondary 
Support

Rationale

Tight deadline + 
Mixed team

ASGD LM–GM Enables rapid co-design through 
shared tools (Canvas, cards), while 
LM–GM ensures that gameplay 
directly supports learning goals.

Research-
focused project

ATMSG DPE Offers rich theoretical mapping and 
post-hoc analysis, with DPE aiding 
in documentation of design and play 
structures.

Large-scale 
institutional 
rollout

DPE ASGD Provides a systematic and scalable 
structure; ASGD adds flexibility and 
collaborative engagement for diverse 
stakeholders.

Prototype or 
concept testing

LM–GM ASGD LM–GM ensures tight alignment 
between mechanics and pedagogy; 
ASGD supports iterative ideation and 
low-fidelity prototyping.

ATMSG demonstrates its value in research-oriented projects where 
theoretical grounding and detailed pedagogical justification are paramount. 
Academic institutions and research teams benefit from its comprehensive 
approach to educational theory integration, though the framework’s 
complexity may overwhelm practitioners working under tight development 
timelines.

LM-GM offers precision in mechanic-level design decisions, 
ensuring that every interactive element serves a clear pedagogical purpose. 
This methodology proves invaluable during detailed design phases where 
specific learning objectives must be translated into concrete game features. 
However, its narrow focus may overlook broader design considerations 
such as narrative coherence and emotional engagement.
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ASGD addresses the collaboration challenge that pervades 
multidisciplinary health education teams. By prioritizing real-time co-
design and providing tangible tools for cross-functional communication, 
it fills a critical gap in framework applications. The framework’s emphasis 
on iterative development and shared ownership of design decisions reflects 
modern agile development practices while maintaining educational rigor.

Implementation Considerations

Successful implementation requires careful attention to several factors 
beyond theoretical compatibility. Team expertise levels significantly 
influence method effectiveness. Teams with strong game design backgrounds 
may find DPE’s structured approach restrictive, while those new to serious 
game development may struggle with ATMSG’s theoretical complexity 
without adequate support.

Project timelines and budget constraints also shape framework 
selection. ASGD’s emphasis on rapid prototyping and iterative design makes 
it suitable for projects with limited development windows, while ATMSG’s 
comprehensive approach requires substantial upfront investment in analysis 
and planning phases.

Organizational culture and stakeholder expectations further influence 
framework adoption. Healthcare institutions with strong evidence-based 
practice cultures may gravitate toward ATMSG’s research-oriented approach, 
while innovation-focused organizations might prefer ASGD’s collaborative 
flexibility.

Hybrid Approaches and Framework Integration

Rather than viewing these frameworks as mutually exclusive, successful 
serious game projects often benefit from hybrid approaches that combine 
elements from multiple methodologies. For instance, projects might begin 
with ASGD’s collaborative ideation process, transition to LM-GM’s detailed 
mechanic mapping, and conclude with DPE’s systematic documentation for 
implementation teams.

Such integration requires careful orchestration to avoid methodological 
conflicts and ensure smooth transitions between framework phases. The key 
lies in identifying each framework’s core strengths and applying them at the 
appropriate project stages, rather than attempting to implement multiple 
complete methodologies comprehensively.
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Emerging Trends and Future Framework Development

The serious games field continues to evolve, with emerging technologies 
and pedagogical approaches creating new design challenges that current 
frameworks may not fully address. Artificial intelligence integration, 
virtual and augmented reality capabilities, and personalized learning 
systems represent areas where existing frameworks may require extension 
or fundamental reconceptualization.

Data-driven design approaches enabled by learning analytics also 
suggest a future evolution of the model toward more empirical, evidence-
based design decisions. The integration of real-time player data with design 
models could enable dynamic adaptation of learning experiences based on 
individual performance patterns and engagement metrics.

Cross-cultural and accessibility considerations represent another 
frontier for framework development. As serious games reach increasingly 
diverse global audiences, frameworks must evolve to address cultural 
sensitivity, language adaptation, and inclusive design principles more 
comprehensively.

Recommendations for Practice

Based on this comparative analysis, several practical recommendations 
emerge for serious game development teams:

Start with context assessment: Evaluate team composition, project 
constraints, and institutional requirements before selecting a primary 
framework approach. Consider conducting small-scale framework trials to 
identify best fit.

Embrace selective integration: Rather than committing to a single 
framework, identify specific tools and processes from multiple approaches 
that address project-specific needs and team capabilities.

Invest in team training: Ensure all team members understand selected 
framework principles and tools. Consider bringing in external facilitation 
for initial implementations, particularly for collaborative approaches like 
ASGD.

Plan for iteration: Build framework flexibility into project timelines and 
budgets. The most successful serious game projects often require multiple 
design iterations as teams learn and adapt their approaches.
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Document lessons learned: Maintain records of framework effectiveness, 
team feedback, and implementation challenges to inform future project 
planning and framework selection.

2.5.2 Stakeholder-Specific Framework Guidance

Different team members have different needs when selecting and using 
design frameworks. This section provides practical guidance for each 
stakeholder group involved in serious game development.

2.5.2.1. Clinical Educators and Healthcare Professionals

The Challenge: You have deep medical knowledge but limited game 
design experience. You need tools that respect your expertise while being 
easy to learn and use.

Best Framework: ASGD

 • Why it works: Uses your clinical experience directly through ideation 
cards

 • Key benefit: Maintains medical accuracy while fostering creativity

 • Time commitment: 3-5 hours for initial workshop

Quick Decision Guide:

 • Need skill-specific training? → Add LM-GM elements

 • Academic/research project? → Include ATMSG validation

 • Large institutional rollout? → Use DPE for documentation

Success Tips:

 • Start with familiar clinical cases before introducing framework 
concepts

 • Request medical terminology in workshop materials

 • Pair with instructional designers for best results

Avoid These Pitfalls:

 • Don’t skip the glossary review—design terms can be confusing initially

 • Don’t try to implement full methodologies under time pressure—use 
abbreviated versions

 • Don’t resist the “game” aspect—think “simulation” and “case-based 
learning”
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2.5.2.2. Instructional Designers and Educational Technologists

The Challenge: You understand learning theory but need to bridge 
educational goals with game mechanics effectively.

Best Approach: ATMSG + LM-GM Hybrid

 • ATMSG for theoretical grounding and curriculum alignment

 • LM-GM for detailed learning-mechanic mapping

 • Timeline: 6-8 hours across multiple sessions

Project Phase Strategy:

1. Planning: Use ATMSG for comprehensive learning analysis

2. Design: Apply LM-GM for mechanic-pedagogy alignment

3. Development: Switch to DPE for team communication

4. Evaluation: Return to ATMSG for outcome validation

Quick Wins:

 • Create custom learning mechanic libraries for your institution

 • Develop templates that translate framework outputs to development 
specs

 • Establish feedback loops with learning analytics data

2.5.2.3. Game Developers and Technical Teams

The Challenge: You need precise, implementable specifications that 
translate educational goals into working game features.

Best Framework: DPE

 • Why it works: Systematic organization matches development 
workflows

 • Key benefit: Clear documentation structure for implementation

 • Integration: Maps well to agile sprints and user stories

Implementation Pathway:

1. Design Layer → Technical architecture and requirements

2. Play Layer → Core mechanics and interaction systems

3. Experience Layer → UI/UX and feedback systems
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Development Integration:

 • Agile teams: Map DPE layers to sprint planning

 • Waterfall projects: Use for comprehensive upfront specs

 • Rapid prototyping: Combine DPE structure with ASGD ideation

Technical Success Factors:

 • Create framework-to-code translation templates

 • Establish feasibility checkpoints in chosen framework processes

 • Document handoff protocols between design and development

2.5.2.4. Project Managers and Administrators

The Challenge: You need to balance educational quality, timeline 
constraints, limitations, and stakeholder expectations.

Framework Selection by Project Type:

Resource-Constrained Projects:

 • Primary: ASGD (fast, collaborative)

 • Timeline: 1-2 weeks for concept development

High-Stakes Institutional Projects:

 • Primary: DPE (comprehensive, systematic)

 • Timeline: 4-6 weeks for complete design documentation

Research and Development:

 • Primary: ATMSG (theoretical rigor)

 • Timeline: 6-8 weeks for comprehensive analysis

Management Best Practices:

 • Build framework learning time into project schedules

 • Plan for potential framework switching if initial choice doesn’t fit

 • Establish clear success metrics for framework effectiveness

 • Create fallback plans for resource or timeline constraints

2.5.2.5. Cross-Functional Team Leadership

The Challenge: Managing competing priorities and communication 
gaps across different expertise areas.
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Leadership Success Factors:

 • Involve all stakeholders in framework selection

 • Maintain flexibility—be ready to switch approaches

 • Schedule regular framework effectiveness check-ins

 • Address resistance or confusion quickly

Quick Framework Selection Guide

Use this decision tree when stakeholders disagree on framework choice:

1. Is this primarily a research project? → Yes: ATMSG / No: Continue

2. Do you have less than 3 weeks? → Yes: ASGD / No: Continue

3. Is the team primarily technical? → Yes: DPE / No: Continue

4. Do you need precise mechanic alignment? → Yes: LM-GM / No: 
ASGD

Common Hybrid Combinations:

 • ASGD + LM-GM: Creative ideation followed by detailed mechanic 
mapping

 • DPE + ATMSG: Systematic development with theoretical validation

 • All frameworks: Use different frameworks for different project phases

Framework Customization Tips

Make frameworks work for your context:

 • Replace jargon with familiar terminology from your field

 • Adjust workshop timing to fit your team’s availability

 • Integrate with existing organizational tools and templates

 • Connect framework outputs to your established success metrics

Remember: The goal is effective serious game development, not perfect 
framework implementation. Adapt these tools to serve your team’s needs 
and project constraints.

Conclusion

The landscape of serious game design frameworks continues to evolve 
as the field matures and new challenges emerge. While no single framework 
provides a complete solution for all contexts, the comparative analysis 
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presented in this chapter demonstrates that each approach offers valuable 
tools and perspectives for specific aspects of the design challenge.

The emergence of ASGD represents a significant step toward addressing 
the collaboration and communication challenges that have historically 
hindered multidisciplinary serious game development. However, the 
continued relevance of established frameworks, such as DPE, ATMSG, and 
LM-GM, underscores the complexity of serious game design and the need 
for diverse methodological approaches.

Success in serious game development increasingly depends not on 
finding the “perfect” framework, but on developing the expertise to 
select, adapt, and integrate multiple approaches based on project-specific 
needs and constraints. As the field continues to evolve, frameworks that 
emphasize flexibility, evidence-based decision making, and cross-functional 
collaboration are likely most valuable for addressing the complex challenges 
of educational game design in healthcare and beyond.
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Case Study: “Code Blue” – A Serious Game for Emergency Response 
Training

1. Background and Context

In response to frequent simulation scheduling constraints and growing 
demand for scalable training in emergency protocols, the Emergency 
Medicine Department at a metropolitan teaching hospital partnered with 
the internal Educational Technology Unit and an indie game development 
studio to create a serious game. The goal: train medical interns in recognizing 
and responding to cardiac arrest (Code Blue) situations.

Despite the team’s enthusiasm, early collaboration proved challenging. 
Medical experts struggled to communicate nuanced procedures in game 
terms, while developers lacked insight into clinical workflows. To address 
these challenges, the project adopted the Art of Serious Game Design 
(ASGD) framework.

2. Design Process Using ASGD

Stage 1: Learning Goal Mapping

Using ASGD’s ideation cards, the interdisciplinary team began with 
clear, player-centred outcomes:

•	 “Identify early signs of cardiac arrest.”

•	 “Initiate basic life support within 60 seconds.”

•	 “Delegate tasks using standard code team roles.”

These were mapped using the Learning quadrant of the ASGD Canvas, 
anchoring game design around authentic, measurable learning objectives.

Stage 2: Narrative Ideation

Clinicians contributed real-world scenarios, which designers converted 
into branching narratives. For instance, one scenario begins with a 
disoriented patient in a crowded ER. If players fail to monitor vitals, the 
patient deteriorates into cardiac arrest. Correct actions trigger different story 
branches—prompting ethical dilemmas and teamwork dynamics.

Key features:

 • Embedded Story: Scripted deterioration timelines based on missed 
cues.

 • Emergent Story: Player decisions lead to praise or reprimand from 
virtual staff.
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Stage 3: Mechanics Brainstorming

Gameplay was structured around real-time decision-making:

 • Timer Mechanics: Pressure to act within clinical windows.

 • Point System: Accuracy-based scoring (e.g., correct drug dosage).

 • Role-Switching: Players can switch among code team roles 
(compressor, airway, leader) across levels.

This stage drew heavily from striped-border ideation cards, ensuring 
mechanics aligned directly with training outcomes.

Stage 4: Experience Alignment

Using the User Experience quadrant, developers tested UI prototypes 
with interns:

 • UI provided quick-access action wheels.

 • Real-time feedback offered color-coded prompts and vitals monitoring.

 • Emotional tones (urgency, empathy) were tested via animated facial 
expressions and audio cues.

Iterations based on UX testing improved engagement and reduced 
cognitive overload.
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Chapter 3

Intrinsic Motivation in Serious Games: A 
Volition-Centered SDT Approach 

Ali Sen1

 

Abstract

This book chapter proposes how to create intrinsic motivation for players in 
serious games based on Self-Determination Theory. Serious games are not just 
fun-based; they are designed with goals such as behavior change, motivation, 
and learning. However, many serious games do not go beyond traditional 
teaching methods and are developed by integrating game mechanics in a 
superficial way—often referred to as “chocolate-covered broccoli.” This limits 
both the motivational and learning effectiveness of the games. According to 
SDT, three basic psychological needs must be satisfied to ensure intrinsic 
motivation: autonomy, competence, and relatedness needs.

In the current study, the concept of “volition” is preferred over “autonomy.” 
This is because the goal is not merely to offer multiple choices or independence, 
but to create a meaningful path that the player willingly adopts. The model 
argues that offering meaningful choices, supporting identity formation, 
and allowing player decisions to have an impact—either on the player or 
the game—fosters volitional engagement. Another core need in the model 
is competence, which supports meaningful development and growth. 
Relatedness, meanwhile, emphasizes the importance of meaningful social 
connections. Furthermore, the model recommends designs that genuinely 
integrate learning content with game mechanics, stressing that adding game 
elements independently of the learning process does not enhance motivation. 
Within this framework, the SDT-based model is proposed as a guide for 
serious game designers and educators. It suggests that such a design will 
promote intrinsic motivation in players, ultimately leading to improved 
learning outcomes.

1	 Dr,	University	of	İstanbul,	ali.sen@istanbul.edu.tr,	0009-0004-2101-3617
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1. Introduction

Serious games are interactive experiences available across various 
platforms, designed for one or more players with objectives that extend 
beyond mere entertainment (Ritterfeld et al., 2009). In other words, they are 
games developed with specific goals or used for educational purposes rather 
than purely for amusement (Naul & Liu, 2020). The growing popularity of 
serious games has garnered significant attention at international conferences, 
congresses, and symposia, as they have been applied in a wide range of 
contexts—to educate, motivate, and promote behavior change (Ritterfeld 
et al., 2009). Despite their increasing use in both academic and applied 
settings, striking a balance between educational value and entertainment 
remains a design challenge. In addition, the obligatory participation in 
serious games or gamification efforts can undermine the autonomy of the 
participants (Deterding, 2016). Ideally, serious game content should place 
learning objectives at one end of the spectrum and entertainment at the 
other, while still maintaining player engagement and interest (Westera, 
2019). Consequently, for motivational design to be effective, a serious game 
must not only deliver educational content but also provide an enjoyable 
experience (Pange et al., 2018).

One of the key problems in serious games is the design of learning-
focused applications that are superficially enhanced with random game 
elements. While such designs may resemble games on the surface, at 
their core they remain digitized learning activities (Deen, 2005). Simply 
adding visual elements to educational content, without meaningfully 
integrating game mechanics into the learning process, does not make it a 
game—it merely turns learning exercises into something that looks like a 
game. Similarly, while rich soundscapes and dynamic visuals may initially 
evoke emotional responses from players (Dickey, 2005), these features are 
essentially extrinsic motivators. As such, they are unlikely to foster sustained, 
intrinsic engagement over time (Westera, 2019). For this reason, designing 
with intrinsic motivation in mind is crucial—not only for engaging players, 
but also for enhancing learning effectiveness and supporting long-term 
motivation (Kusrini & Agustyarini, 2024).

Self-Determination Theory (SDT), which this chapter draws upon, views 
humans as active organisms with natural tendencies toward psychological 
growth, development, and motivation (Ryan & Deci, 2002). Recognized as 
a leading, empirically grounded theory of human motivation, development, 
and well-being (Ryan & Deci, 2000), SDT posits that all individuals have 
three basic psychological needs: competence, autonomy, and relatedness. 
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Satisfying these needs is related to achieving intrinsic motivation, a desirable 
motivational state (Sailer et al., 2013). SDT has also been used in various 
studies to investigate game motivation (Peng et al., 2012; Ryan et al., 2006) 
and is one of the most important theories for explaining both the player’s 
motivation to play a game and the factors that may motivate the player’s 
character or avatar as they progress through the game (Ryan et al., 2006). 
Considering fun-based game studies, SDT can provide a comprehensive and 
general framework for serious game design.

This book chapter proposes a motivational model based on Self-
Determination Theory (SDT) that promotes intrinsic motivation in serious 
game design. It explores how to practically integrate game mechanics in 
a way that satisfies the player’s needs for autonomy, competence, and 
relatedness, rather than integrating them randomly into learning content. 
While previous studies have addressed SDT’s theoretical framework and the 
distinction between intrinsic and extrinsic motivation in gaming contexts 
(Farrell et al., 2014), the aim of this work is more specifically focused on 
autonomy. The chapter begins with an overview of SDT and serious games, 
followed by a critical evaluation of current design strategies used in serious 
games. It then presents a motivational model based on SDT, specifically 
tailored for game design. Finally, the chapter discusses how this model can 
be applied in both theoretical and practical contexts, and offers suggestions 
for future research.

2. Theoretical Background 

2.1. Overview of Serious Games 

Serious games refer to the use of games or gaming technologies for 
purposes beyond mere entertainment (Susi et al., 2007). Their primary aim 
is not to provide fun or enjoyment (Michael & Chen, 2006). In the 1990s, 
however, a different approach emerged with the rise of “edutainment”—a 
concept that sought to blend education and entertainment. Early 
edutainment practices were criticized for being dull and repetitive, as they 
gradually evolved into skill-based drills where the fun aspect was diminished 
(Susi et al., 2007). There is also a common perception that serious games 
are synonymous with edutainment games (Ritterfeld et al., 2009). 

Another key concept is gamification, which differs from serious games 
in a fundamental way. While serious games are complete game-based 
systems designed for educational or training purposes (Sailer et al., 2013), 
gamification involves using individual game elements in non-game contexts 
(Deterding et al., 2011). Moreover, gamification tends to have broader 
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applications and is often used to motivate specific behaviors (AlMarshedi et 
al., 2016; Sailer et al., 2013).

Many studies from past to present have utilized serious games for various 
purposes, such as motivating and educating users in different fields. For 
instance, in a report on the use of games in education, there is evidence 
that games improve personal and social skills, knowledge and understanding 
of the world, language and literacy, physical development, math skills, and 
creativity (McFarlane et al., 2002, as cited in Naul, 2020). However, serious 
games are used not only in education but also in other disciplines. These 
include military games, educational games, government games, corporate 
games, and healthcare games (Susi et al., 2007). America’s Army (2002), a 
digital game developed by the U.S. military to recruit ideal soldiers, is an 
example of a serious game designed for political purposes (Ritterfeld et al., 
2009). Another game in this category is Re-Mission, a health-related game 
aimed at improving understanding of physical illness and the psychological 
and behavioral outcomes associated with cancer (Bacharz et al., 2020). As 
a result, serious games can be considered a potential tool to increase user 
engagement, promote behavioral change, and develop skills.

Many serious games are considered to be inherently motivating because 
they are labeled as games. However, many serious games are described as 
not	fulfilling	the	potential	they	promise	(Damaševičius	et	al.,	2023).	One	
of the main challenges of educational game design is how to maintain the 
fun while enriching the content (Haring et al., 2011). Nevertheless, most 
serious games do not go beyond the traditional role and fail to fulfill their 
true potential. Many so-called educational games are developed on limited 
budgets and suffer from poor design quality (Ritterfeld et al., 2009). Given 
that the aim of serious games is often to motivate learners to engage with 
content they might otherwise find dull, understanding the psychological 
foundations of motivation is crucial in the design process (Deen, 2015).

2.2. Self-determination Theory (SDT) Overview   

At the heart of understanding players’ motivation in video games lies Self-
Determination Theory (SDT), a well-established psychological framework 
that emphasizes the fulfillment of three basic psychological needs: autonomy, 
competence, and relatedness (Ryan et al., 2000). SDT has been applied 
across various disciplines, including education and game studies (Yuheng, 
2024). It conceptualizes individuals as active organisms naturally inclined 
toward growth and development (Ryan & Deci, 2000). This study adopts 
SDT for several reasons. Most notably, it has been widely validated as a 
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useful framework for understanding motivation in both educational and 
gaming contexts (Guay, 2022). As such, SDT offers a strong theoretical 
foundation for the motivational design of serious games.

Autonomy refers to “acting with a sense of volition and having the 
experience of choice” (Gagné & Deci, 2005, p. 333). At its core, autonomy 
entails aligning one’s actions with their inner self and values and feeling 
a sense of agency in making decisions. While the experience of choice 
plays a significant role in autonomy, it is important to note that autonomy 
does not solely depend on having a choice. In other words, people who 
may not have a freedom to choose certain aspects of their lives can still 
experience a sense of autonomy (Rigby & Ryan, 2011). Competence need 
is one of the psychological needs described in Self-Determination Theory 
(Deci et al., 1985) and refers to productivity and success experienced when 
interacting with the external environment. It relates to innate propensity 
to improve skills and abilities or a desire to seek out the optimal challenge 
(Legault, 2017). The third psychological need within SDT is the sense of 
relatedness, which pertains to an individual’s need for belongingness and 
social connection with others. Specifically, when this need is satisfied, it 
can lead to increased intrinsic motivation and overall wellbeing (Ryan & 
Deci, 2000). Establishing significant and supportive relationships with 
others plays a fundamental role in fulfilling this autonomy and relatedness 
need, contributing to feelings of significance and support for each individual 
(Rigby, 2014). 

SDT theory has been applied in many different areas such as workplace, 
language learning, education, health, relationships (Self-Determination 
Theory, n.d.). This theory has three basic building blocks, which are the 
needs for autonomy, competence and relatedness. These are at the core of 
the individual’s self and well-being structure and are key motivations for 
behavior change (Cheek et al., 2015). In one of the first studies conducted 
by Ryan et al., (2006) in the literature, SDT theory was utilized to explain 
how video games motivate players. The effect of autonomy, competence 
and relatedness need satisfaction on gamers’ motivation and well-being 
when they play video games was examined. As a result of four different 
studies, the motivation of players in video games was found to depend on 
the degree to which players’ psychological needs (autonomy, competence 
and relatedness) are satisfied. This demonstrates that SDT theory is one of 
the well-established and previously studied frameworks for understanding 
video game players and for designing games that enhance player motivation.
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3. Rethinking Motivation in Serious Game Design

Play is defined as a completely voluntary, free and autotelic purpose in 
itself, different from school and work (Huizinga, 1949). Deterding (2016) 
emphasized that some gamification practices and game scenarios remove 
voluntary participation and players may feel obliged to play the game. In 
this case, players may perceive the game as an assignment and their intrinsic 
motivation may suffer. For serious game designs to be effective, it is 
important that they support intrinsic motivation in players. However, when 
game designs are based on reward systems, they tend to limit the depth 
and sustainability of learning. For example, many games—such as those 
focused on math, spelling, or vocabulary—rely on behaviorist methods 
like repetition and reinforcement to encourage players to complete routine 
tasks (Ritterfeld et al., 2019; Westera, 2019). This behaviorist approach, 
often seen in drill-and-practice games, hinders learning processes such as 
deep thinking and reasoning (Deen, 2015). A key criticism of behaviorism 
is that it emphasizes observable behavioral responses while overlooking 
underlying mental processes (Marini et al., 2018). From this perspective, 
it can be argued that good game design should aim to create a meaningful 
learning journey (Chou, 2019), rather than simply motivating repetitive 
tasks through external rewards. Therefore, unlike the graphical features of 
game environments, it is the gameplay scenarios that serve as the foundation 
for intrinsic motivation. These scenarios allow players to become active 
participants in a narrative. By adopting specific goals, roles, responsibilities, 
and competencies, players take on a central role within the game (Westera, 
2019).

However, serious game designs still often rely on the “chocolate-
covered broccoli” approach, which separates the learning material from the 
core game structure. This term refers to the superficial embellishment of 
educational content with rewards or game-like elements (Bruckman, 1999). 
The underlying assumption is that learning is inherently boring, and that 
combining it with something enjoyable—such as a reward—will make it 
more appealing. A classic example of this is quiz-based games where the 
quizzes are not embedded in the gameplay, or game mechanics that do 
not align with the learning content. However, it has been argued that this 
method is ineffective, and that simply adding a sweet layer does not make 
learning more enjoyable (Farber, 2014).

One of the most notable studies on this issue is a thesis project developed 
around the math game Zombie Division. In this study, two different 
versions of the game were designed. The version in which mathematical 
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division tasks were directly embedded into the game mechanics was called 
the internally integrated version. In contrast, the version that presented math 
tasks in separate sections outside the core gameplay was referred to as the 
externally integrated version. According to the study’s results, the internally 
integrated design was more effective than the externally integrated one, both 
in terms of learning outcomes and motivational impact (Habgood, 2007)

The quality of game graphics, the overall visual appearance, and rich 
sensory effects are also important factors contributing to game enjoyment 
(Ritterfeld et al., 2009). Adding dynamic sound and visual elements has 
been shown to improve user engagement in serious games (Schuurink et al., 
2018). However, the motivational effects of these elements remain largely 
extrinsic in nature. The underlying gameplay scenarios are described as the 
“true carriers of intrinsic motivation,” where players actively participate 
through defined goals, roles, and responsibilities (Westera, 2019).

Another perspective is offered by Gee (2003), who argues that the secret 
of video games lies not in high-specification graphics but in their ability to 
function within a “regime of competence.” In this sense, they describe this 
as the balance between the challenges presented by the game and the player’s 
abilities. 

In conclusion, while elements such as the graphic interface and game 
art contribute to the entertainment value of games, other deeper factors are 
believed to have a stronger motivational impact.

4. Implementing SDT with Volition in Games

In order to explore SDT-based game design, it is necessary to address the 
core components of Self-Determination Theory. Current work emphasizes 
the importance of supporting psychological needs through game mechanics 
and dynamics in serious game design. This section discusses the main 
component of SDT –autonomy- and highlights relevant research in the 
context of gaming. According to Deci and Ryan (2013), the need for 
autonomy is consistently identified as central to SDT. Ryan et al. (2002) 
similarly define autonomy as the perceived source of behavior and do not 
see it as the same as merely offering choice. In their study, Deterding (2016) 
argues that even an monk’s getting up early in the morning and going to 
ritual can be perceived as autonomy if it is aligned with the individual’s goals, 
values and needs. In this sense, autonomy is not  about having freedom 
of choice, but rather about the integration of behaviour with personal 
values and identity. However, in game literature, especially in non-English 
contexts, the concept of autonomy is often misunderstood. To address this, 
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this study adopts the term “volition”, which better captures the motivational 
nuance of acting in accordance with one’s values and goals.

Building on this distinction, Rigby (2018) also criticized common 
interpretatipn of autonomy as “freedom” in a a talk titled The Freedom 
Fallacy. He argued that the concept of autonomy is often mistaken for 
unrestricted freedom or independence. Merriam-Webster dictionary defines 
autonom as “self-directing freedom and especially moral independence”—
which emphasises freedom and indepence. However, interpreting autonomy 
in this way is misleading in the context of games. One interpretation of 
autonomy is that when we act, we do so volitionally (Gagné & Deci, 2005). 
Volition is not the same as independence or the freedom to do whatever 
one wants. Nor does volition mean simply wanting to do the things one is 
already doing. Rather, autonomy is more closely tied to sconcept of volition 
(Rigby, 2018; Ryan & Deci, 2000). 

For example, a player may follow a linear quest path in a game yet still 
feel volitional engagement if the quest aligns with their in-game identity or 
values. Moreover, volitional engagement varies according to the context. 
Even when gameplay is obligatory such as for game designers testing their 
own games, players may enjoy the experience less and perceive it more as 
work (Deterding, 2016).   

Arms Trafficking-Air Arms Trafficking-Ground

Tennis Parachuthing
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Yoga

Figue 1. GTA 5 Hobbies and Activities (GTABase, n.d.)

In the context of games, if autonomy is perceived as freedom, it should 
not be interpreted as offering too many options or choices. In other 
words, volition is about the provision of meaningful choices. Players have 
a strong need for meaning, which overlaps with their needs for autonomy, 
competence, and relatedness, which creates volitional engagement. Studies 
have shown that the meaningfulness of an activity depends on how well it 
fulfills psychological needs (Eakman, 2014).  Therefore, meaningful choices 
foster volition in games. This is evident in the success of games like Grand 
Theft Auto (GTA): it is the presence of meaningful activities—not merely 
the size of the map—that plays a key role. In GTA, the fun and meaningful 
activities offered to the player can enhance volitional engagement. This is 
because there is a high probability of finding an activity that is compatible 
with the player’s interests and values. As seen in the figures, the player can 
find activities across many different categories such as parachute jumping, 
flight school, golf, car racing.

In addition to meaningful choices (or activity), providing a narrative 
or supporting identity  can also foster volition in players (Rigby & Ryan, 
2011). Identity development in PC games such as Skyrim is a good example 
as shown in Figure 2. Becoming a vampire, a guild leader, or taking on other 
defined roles enhances the player’s sense of agency. These elements, in turn, 
increase intrinsic motivation.   



50 | Intrinsic Motivation in Serious Games: A Volition-Centered SDT Approach

Becoming A Vampire Lord General Tullius

Skyrim Battles-Civil War Leaders vs 
Guild Leaders

Paarthurnax

Figure 2. Role Choices and Leadership Paths in Skyrim

While existing research often equates autonomy with offering choices or 
different strategies, there is no precise formula for how to create volition. 
Each game has its own strategies. Therefore, as game designers, the key 
question to ask is: “How can we build volitional engagement?” The content 
of the game should be designed in response to the player’s actions, rather 
than simply producing a large amount of content. What matters is that the 
content has an impact on the player. Another recommendation is that choices 
in the game should have meaningful consequences. This occurs when players 
can see the results of their decisions—either within the game or reflected in 
themselves. Players want to see a change either in themselves or (in the 
game world) through their actions in the game. Therefore, every action in 
the game should be designed to create a meaningful change or contribute 
to the story of the game. However, if play is to contribute to autonomy, 
it must not have social and material consequences. In Deterding’s study 
(2016) on autonomy and play, it was seen that the protection of time and 
space away from external demands, the freedom to structure the situation 
according to one’s immediate interests and to participate or not participate 
in the game, and the absence of social and material consequences contribute 
to autonomy.
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4. Conclusion

This book chapter proposes a design for serious game design whose main 
focus is intrinsic motivation, which can be achieved through psychological 
needs. The proposed model in this book chapter focuses especially on the 
concept of autonomy. This is because autonomy is at the heart of intrinsic 
motivation. However, the concept of volition is preferred because the model 
argues that autonomy is not fully understood. The model argues that, rather 
than providing the player with a multitude of choices, they should be offered 
options that meaningfully develop the player, foster social connection, and 
align with the player’s identity and intrinsic values.The importance of this 
distinction stems from the fact that it aims to provide a game experience that 
offers meaningful choices and identity formation, rather than freedom-based 
choices.

A key design principle is the interweaving of educational content and 
game mechanics. Instead of superficially integrating game mechanics, as the 
“chocolate covered broccoli” design advocates, a structural design is proposed 
where learning and play reinforce each other. This alternative approach, 
especially evident in the Zombie Division experiment, demonstrates that 
a holistic design leads to higher player motivation and learning outcomes. 
Game designs supported by SDT principles, especially volition, can foster 
deeper player engagement and more meaningful experiences. For the game 
experience to be  truly voluntary and volitional, the game context must be 
free from control and social demands, providing a space where the player 
can freely express themselves (Deterding, 2016). In short, the intrinsic 
motivational design of the game is tied more to voluntary participation 
than to game mechanics themselves. Future research could expand on these 
findings in both theoretical and applied contexts, either by developing a more 
comprehensive model or by conducting empirical, contextualized studies to 
better understand the practical implications of the volition principle.
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Chapter 4

Beyond Reality: Unified Design Frameworks for 
XR in Healthcare Serious Games 

Mustafa Kuş1

Abstract

This chapter presents a comprehensive framework for integrating immersive 
technologies into healthcare education through serious game design, 
addressing the growing need for experiential learning environments that 
bridge theoretical knowledge and clinical practice. The work synthesizes 
pedagogical theory, technological capabilities, and clinical requirements 
to establish evidence-based guidelines for developing effective XR-based 
educational interventions.

1. The Significance of Immersive Technologies in Healthcare 
Education

Contemporary healthcare education faces unprecedented challenges, 
including the increasing complexity of medical knowledge, growing patient 
safety expectations, and the need for interprofessional collaboration skills. 
Traditional educational methods, while foundational, often fail to provide 
the experiential learning opportunities necessary for developing clinical 
expertise and professional judgment. Immersive technologies address these 
challenges by creating authentic learning environments that bridge the gap 
between theoretical knowledge and practical application.

Research demonstrates that immersive technologies align particularly 
well with established learning theories, especially Kolb’s experiential learning 
cycle and situated learning principles (Jensen & Konradsen, 2018). Virtual 
Reality enables complete immersion in clinical scenarios without real-world 
risks, allowing for repeated practice and error-based learning that would be 
impossible or unethical in actual patient care settings. Augmented Reality 
enhances real-world learning contexts by overlaying digital information onto 
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physical environments, thereby supporting the acquisition of contextual 
knowledge within authentic practice settings. Mixed Reality combines these 
benefits, creating hybrid environments where physical and digital elements 
interact seamlessly to support collaborative learning and complex problem-
solving scenarios.

1.1. Defining XR and Its Components

Extended Reality (XR) is a unifying term that encompasses Virtual 
Reality (VR), Augmented Reality (AR), and Mixed Reality (MR)—a 
continuum of immersive technologies that blend physical and digital 
environments to varying degrees. While each modality offers distinct 
technological configurations and user experiences, their integration within 
healthcare education is guided by a shared goal: to enhance experiential, 
situated, and embodied learning.

 • Virtual Reality (VR) refers to fully simulated digital environments 
that immerse the learner, typically through head-mounted displays 
(HMDs). In healthcare training, VR enables high-fidelity simulations 
of clinical settings, allowing learners to practice procedures, decision-
making, and patient interaction without real-world consequences.

 • Augmented Reality (AR) overlays digital elements onto the 
physical environment. By enhancing the real world with contextual 
information—such as anatomical overlays or procedural guidance—AR 
is particularly suited for bedside training, equipment familiarization, 
and blended learning environments.

 • Mixed Reality (MR) combines elements of both Virtual Reality 
(VR) and Augmented Reality (AR), enabling real and virtual objects 
to interact in real time. This modality enables learners to interact 
with holographic patients or instruments in shared physical spaces, 
fostering interprofessional collaboration and context-aware clinical 
reasoning.

As a unified framework, XR offers a scalable and pedagogically adaptable 
toolkit for healthcare educators and game designers. Understanding the 
nuances of each component is critical for selecting the right modality based 
on learning objectives, resource availability, and desired user experience.

1.2. Unique Affordances of Immersive Technologies

Spatial Presence and Embodied Learning: Immersive technologies 
provide three-dimensional spatial experiences that engage embodied 
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cognition principles, enabling learners to develop spatial understanding 
and procedural memory through direct interaction with virtual anatomical 
structures and medical equipment.

Safe Practice Environments: These technologies create consequence-
free learning spaces where students can practice high-risk procedures, make 
clinical decisions, and learn from mistakes without endangering patient 
safety. This psychological safety encourages exploration and experimentation, 
which are essential for developing clinical expertise.

Standardized Yet Variable Experiences: Immersive environments 
offer a consistent baseline experience while allowing for scenario variations 
that expose learners to diverse patient presentations and clinical contexts. 
This combination supports both standardized competency assessment and 
preparation for real-world clinical diversity.

Multi-User Collaboration: Advanced XR systems enable multiple 
learners to participate in shared virtual experiences, supporting 
interprofessional education and team-based learning that mirrors real 
healthcare practice environments.

1.3 Pedagogical Applications and Learning Design 

The effectiveness of immersive technologies in healthcare education 
depends fundamentally on a sound pedagogical design that leverages serious 
game principles to create meaningful, engaging learning experiences. This 
section explores how various theoretical approaches can be effectively 
implemented through immersive serious games to address specific learning 
objectives and competency development needs.

1.3.1 Technology-Enhanced Experiential Learning through 
Serious Games

Technology-Enhanced Experiential Learning (TEEL) represents the 
systematic enhancement of Kolb’s experiential learning cycle through 
the use of immersive technologies and principles of serious game design. 
This approach creates structured learning experiences that guide students 
through the phases of concrete experience, reflective observation, abstract 
conceptualization, and active experimentation within engaging game 
narratives (Goodyear and Retalis, 2010).

VR Medical Mystery Series Implementation: Emergency medicine 
residents participate in “Diagnostic Detectives,” a serious VR game 
where they investigate complex medical cases within compelling narrative 
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frameworks. Students begin with concrete experience by examining virtual 
patients and gathering clinical evidence. The game then facilitates reflective 
observation through replay mechanisms that allow students to review 
their decision-making processes alongside expert demonstrations. Abstract 
conceptualization occurs through interactive visualization of diagnostic 
algorithms and pattern recognition exercises embedded within the game 
narrative. Finally, active experimentation enables students to test different 
diagnostic and treatment approaches across varied patient presentations 
within the game environment.

Student Experience Narrative: Sarah, an emergency medicine resident, 
describes her experience: “The VR mystery series made differential diagnosis 
feel like solving a puzzle rather than memorizing lists. When I examined the 
virtual patient with chest pain, I could see how my questions and physical 
examination findings led to different diagnostic pathways. The game helped 
me understand the ‘why’ behind clinical reasoning, not just the ‘what’ of 
diagnostic criteria.”

1.3.2 Virtual Cognitive Apprenticeship in Immersive 
Environments

Cognitive Apprenticeship, introduced by Collins, Brown, and 
Newman (1989), emphasizes the modeling of expert thinking processes 
through situated learning, scaffolding, coaching, and reflection. While 
initially designed for face-to-face learning, this framework has inspired 
adaptations to technology-enhanced environments, including serious games 
and simulations.

“Learning involves becoming an apprentice to expert practitioners, developing 
the ability to think and solve problems like them.”

(Collins et al., 1989)

Virtual Cognitive Apprenticeship (VCA), as developed in this chapter, 
adapts the original cognitive apprenticeship model for immersive serious 
games. Through virtual mentors, AI-driven guidance, and interactive 
decision-making environments, learners are exposed to expert clinical 
reasoning processes in a scalable and repeatable format.

This framework extends cognitive Apprenticeship into virtual reality-based 
healthcare scenarios, allowing learners to observe, imitate, and reflect on expert 
behaviors in realistic digital environments.

Surgical Training Serious Game: “Master Surgeon Academy” Surgical 
residents engage with a comprehensive VR serious game that implements 



Mustafa Kuş | 63

cognitive apprenticeship principles through progressive skill development 
narratives. The game begins with observation phases, where students watch 
expert surgeries from a first-person perspective while expert commentary 
reveals the decision-making processes. Coaching phases provide context-
sensitive guidance through AR overlays during practice sessions, with virtual 
mentors offering real-time feedback and suggestions. Scaffolding gradually 
reduces support as students demonstrate competency, while reflection 
exercises prompt students to articulate their reasoning processes.

1.3.3 Immersive Situated Learning Communities

Situated Learning Theory (Lave & Wenger, 1991) proposes that 
learning is inherently social and context-dependent, occurring through 
participation in communities of practice. This framework has been widely 
used to design collaborative and role-based training environments in 
professional education.

“Learning is not merely the acquisition of knowledge by individuals, but 
a process of social participation.”

(Lave & Wenger, 1991)

Immersive Situated Learning (ISL), as defined here, brings situated 
learning theory into shared immersive environments such as collaborative VR 
or MR hospital settings. It emphasizes identity formation, interprofessional 
collaboration, and context-aware decision-making.

This model conceptualizes XR as a means of constructing authentic communities 
of practice, allowing healthcare learners to experience graduated participation and 
team-based coordination.

“Virtual Ward Rounds” Interprofessional Serious Game: Nursing, 
medical, and allied health students participate in collaborative virtual 
hospital environments where they function as integrated healthcare 
teams. The serious game presents complex patient scenarios that require 
coordinated interprofessional responses, with each profession contributing 
its unique expertise to patient care decisions. Students experience graduated 
participation from peripheral observation to full professional responsibility 
within authentic virtual hospital settings.

Implementation Example: Dr. Jennifer Martinez reports: “Our 
interprofessional VR ward rounds game transformed how students 
understand team dynamics. When nursing students see how their assessments 
directly inform medical decision-making, and when medical students 
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understand how their orders affect nursing workflow, they develop genuine 
appreciation for each other’s roles.”

1.3.4 Virtual Embodied Learning Through Haptic Integration

Embodied Learning draws on the broader theory of embodied 
cognition, which posits that cognitive processes are deeply rooted in the 
body’s interactions with the physical world. Wilson (2002) outlines six 
perspectives on embodied cognition, emphasizing that thought is not merely 
brain-bound but shaped by bodily states and sensorimotor activity. Stolz 
(2015) expands on this by incorporating it into educational philosophy, 
arguing that learning experiences become meaningful when learners are 
physically, emotionally, and perceptually engaged.

“Embodied learning recognizes the inseparability of mind and body, and the 
necessity of bodily engagement for deeper understanding and meaning-making.”

(Stolz, 2015, p. 482)

This theoretical foundation has informed instructional strategies in 
physical education, arts, and increasingly, health professions education, 
particularly in simulation-based and procedural skill development.

Virtual Embodied Learning (VEL), as conceptualized in this chapter, 
represents an original extension of embodied learning principles into 
immersive and haptic-enabled virtual environments. In this model, 
learning occurs through sensorimotor interaction with simulated patients 
and clinical instruments within XR-based serious games. By incorporating 
haptic feedback, learners experience variable tissue textures, resistance, and 
procedural subtleties that mirror real-life physical examination and treatment 
contexts.

VEL is especially relevant for developing:

 • Procedural accuracy (e.g., palpation, needle insertion),

 • Tactile diagnostic sensitivity (e.g., identifying anomalies by feel),

 • Spatial-motor coordination in complex interventions.

This model proposes that immersive haptic simulations foster deep clinical 
learning by engaging the learner’s body as an active epistemic tool, rather than a 
passive interface controller.

By combining embodied cognition theory with emerging haptic 
interface design, VEL supports a richer, more authentic healthcare learning 
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experience that extends beyond visual interaction to touch-based clinical 
reasoning.

“Touch and Feel Diagnostics” Haptic Serious Game: Physical therapy 
students use haptic-enabled VR systems to examine virtual patients with 
various musculoskeletal conditions. The serious game presents progressive 
challenges that require students to identify pathological conditions through 
tactile examination, with haptic feedback providing realistic tissue resistance 
and texture variations. Game progression depends on developing tactile 
sensitivity and diagnostic accuracy through embodied practice.
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Table 1.3. provides a comprehensive comparison of pedagogical 
approaches, optimal technologies, and implementation considerations 
for healthcare serious games, enabling institutions to select appropriate 
frameworks based on their specific learning objectives and resource 
capabilities.

1.4. Clinical Scenario Design Framework

Authentic Context Recreation forms the foundation of adequate 
healthcare XR serious games, requiring detailed analysis of real clinical 
environments, workflow patterns, and decision-making contexts. Successful 
implementations begin with ethnographic observation of healthcare settings, 
identifying critical decision points, environmental factors, and interpersonal 
dynamics that influence patient care.

Immersive Implementation Example – “Virtual ICU Simulation” 
(VR):

 In a VR-based critical care training scenario, learners are immersed in 
a fully interactive intensive care unit. Not only are patients simulated, but 
environmental variables such as monitor alarms, equipment placement, and 
noise levels recreate cognitive and physical stressors. The learner interacts 
with actual devices (e.g., ventilators, infusion pumps) within a 360-degree 
space, reinforcing spatial awareness and prioritization under pressure.

Progressive Complexity Scaffolding structures learning experiences 
from basic concepts to complex scenarios. Novice learners receive high 
scaffolding with cues and feedback, while advanced learners face open-ended 
challenges and delayed consequences.

Example – “Emergency Department Chronicles” (VR Scenario 
Progression):

Level 1: Basic triage decisions (apparent symptoms, single patient).

Level 2: Multiple patients requiring prioritization.

Level 3: Mass casualty with limited resources and ethical dilemmas.

Level 4: Multi-system cases requiring rapid interprofessional decisions.

Each level leverages immersive realism, gradually increasing cognitive 
load, spatial decision-making, and clinical judgment complexity within the 
VR space.



68 | Beyond Reality: Unified Design Frameworks for XR in Healthcare Serious Games

Immersive Implementation Examples – AR-Based Assessment Paths

AR Smart Glasses Overlay: In an advanced clinical simulation, 
students wear AR-enabled glasses that overlay patient vitals, lab results, and 
diagnostic hints onto a real manikin. The system monitors how students 
prioritize incoming information and adjust their decisions in response to 
evolving clinical data.

QR-Based Mobile AR Simulation: In a more accessible format, 
students scan QR codes placed around a physical simulation room using 
mobile devices. Each code triggers an interactive AR element—for example, 
a patient case update, new lab result, or pharmacological instruction. The 
system tracks:

 • Which elements did the learner access

 • In what order

 • How long did they engage with each module?

Performance analytics reflect not only clinical decision-making but also 
information-seeking behavior, spatial awareness, and prioritization skills.

Competency-Based Progression Systems ensure that students advance 
in the serious game only after demonstrating mastery of specific clinical 
competencies. This replaces superficial time- or point-based advancement 
with outcome-aligned learning checkpoints—mirroring authentic healthcare 
training standards.

1.4.1. Collaborative Learning Scenario Design

Multi-user experience architecture in immersive simulations enables 
distributed learners to co-occupy the same virtual or mixed-reality space, 
each assuming a unique clinical role. These scenarios simulate realistic team 
dynamics, challenging students to communicate, delegate, and synthesize 
information under time pressure.

Immersive Implementation Example – “Trauma Team Coordination” 
(MR):

Using mixed reality headsets (e.g., HoloLens 2), students from nursing, 
medicine, and respiratory therapy participate in a shared trauma bay. Each 
sees holographic patients and equipment overlaid in their physical space, 
enabling synchronous action. A nursing student applies a pressure dressing 
while a medical student gives medication orders—tracked and evaluated 
as team-based decision-making. Real-time feedback includes individual 
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competency metrics and interprofessional communication mapping, both of 
which are visualized post-scenario.

1.5. Development Tools, Platforms, and Technical Implementation

The creation of effective immersive healthcare serious games requires 
sophisticated development ecosystems that can handle the complex 
demands of medical simulation while supporting engaging game design. 
Understanding the capabilities and limitations of different development 
platforms enables informed decisions about technology investments and 
implementation strategies.

1.5.1. Development Platform 

Unity: Versatile Cross-Platform Development

Unity is the most widely adopted real-time 3D engine for XR healthcare 
applications due to its ease of use, strong developer community, and 
comprehensive device compatibility.

 • Cross-Platform Deployment: Unity supports Windows, Android, 
iOS, macOS, Linux, and major XR devices including Oculus, HTC 
Vive, and HoloLens.

 • SDK Compatibility: Seamless integration with Oculus SDK, 
OpenXR, and Microsoft Mixed Reality Toolkit (MRTK).

 • Unity Asset Store: Thousands of ready-made 3D models, anatomical 
components, and interface tools accelerate development timelines.

 • C# Programming Flexibility: Enables detailed interaction design, 
adaptive learning mechanics, and real-time performance analytics.

Unity is particularly well-suited for rapid prototyping, educational 
branching narratives, and mobile-to-advanced XR scaling, making it 
ideal for institutions seeking both accessibility and clinical depth.

Unreal Engine: High-Fidelity Simulation Powerhouse

Unreal Engine is preferred for serious games requiring photorealistic 
detail and advanced physics, such as surgical procedures, anatomical 
modeling, and emergency response training.

 • Photorealistic Graphics: High-end lighting, shading, and texturing 
capabilities improve visual fidelity, which is crucial for fine-grained 
medical scenarios.
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 • Blueprint Visual Scripting: Allows educators with limited coding 
knowledge to develop content and control logic.

 • C++ Integration: Offers flexibility and performance for complex, 
computation-heavy simulations.

 • XR Compatibility: Supports Oculus, Vive, and HoloLens, and has 
been used in medical simulators such as Precision OS.

While Unreal Engine provides unmatched graphical depth, its hardware 
requirements and longer development cycles may be a barrier for some 
institutions.

Vuforia: Lightweight AR via Mobile Devices

Vuforia enables the rapid creation of mobile-based AR experiences that 
are especially useful for blended and location-based learning.

 • Object and Image Tracking: Allows real-time interaction with 
printed materials, equipment, or physical models.

 • Smartphone Support: Compatible with iOS and Android, enabling 
wide deployment without specialized headsets.

 • Use Case – QR-Based AR: Students scan QR codes placed on 
clinical models to receive case updates, visual overlays, or procedural 
guidance. Data, such as the sequence of interactions and response 
times, can be tracked for assessment.

Microsoft Mixed Reality Toolkit (MRTK): Natural Interaction in 
MR

MRTK is an open-source development toolkit optimized for natural 
interaction scenarios on HoloLens and other mixed reality (MR) devices.

 • Interaction Modalities: Supports hand gestures, gaze tracking, and 
voice commands, enabling intuitive clinical training scenarios.

 • Rapid Prototyping: Includes templates for hospital rooms, interactive 
patients, and toolkits for decision-making processes.

 • Application Areas: Widely used for interprofessional decision-
making, surgical planning, and empathy training in spatially rich 
environments.
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OpenXR: Universal Compatibility Layer

Developed by the Khronos Group, OpenXR offers hardware-
independent development, ensuring that applications run across a wide 
range of XR devices.

 • Unified API: Streamlines the development process and supports 
HTC Vive, Magic Leap, Oculus, and HoloLens.

 • Educational Benefit: Facilitates the broader deployment of health 
simulations across institutions with varying hardware setups, thereby 
reducing platform fragmentation.

As demonstrated in Table 1.3, the selection of development platforms 
requires careful consideration of learning curves, healthcare asset availability, 
and institutional capacity for technical implementation.

Table 1.5. XR Development Platform Comparison for Healthcare Serious Games

Platform Learning 
Curve

Healthcare 
Asset Support

Development 
Time

XR 
Hardware 
Support

Best For Healthcare 
Education

Unity 3D Medium

Excellent 
(Extensive Asset 
Store + Medical 
libraries)

3-6 months
All major 
VR/AR/MR 
devices

General healthcare 
training, multi-
platform deployment, 
comprehensive 
serious games

Unreal 
Engine High

Good (Limited 
but high-quality 
medical assets)

6-12 months

Major VR/
AR devices, 
excellent 
graphics

High-fidelity 
surgical simulations, 
photorealistic 
medical scenarios

Microsoft 
MRTK Medium

Moderate 
(HoloLens-
focused medical 
content)

2-4 months

HoloLens 
2, Windows 
Mixed 
Reality

Collaborative 
medical training, 
interprofessional 
education, AR 
overlays

Vuforia Low-
Medium

Basic (AR 
tracking 
+ medical 
markers)

1-3 months

Mobile 
devices, 
tablets, AR 
glasses

Anatomy education, 
mobile AR learning, 
accessibility-focused 
applications

Key Decision Factors:

Choose Unity if: You need cross-platform deployment, extensive 
medical assets, and comprehensive serious game features Choose Unreal 
if: Visual fidelity is critical for surgical training or complex anatomical 
visualization Choose MRTK if: Focus is on HoloLens-based collaborative 
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learning and AR applications Choose Vuforia if: Mobile accessibility and 
simple AR interactions are priorities

1.6. Assessment and Evaluation Tools

The effectiveness of immersive healthcare serious games fundamentally 
depends on robust assessment mechanisms that can capture both 
quantitative performance metrics and qualitative learning outcomes. Unlike 
traditional educational assessments, XR-based evaluations leverage real-time 
behavioral analytics, multi-dimensional competency tracking, and authentic 
performance measurement within simulated clinical environments.

1.6.1 Real-Time Performance Analytics

1.6.1.1. Behavioral Analytics Integration

Learning analytics involves collecting, analyzing, and reporting data 
about learners and their contexts to improve learning outcomes (Siemens, 
2013). Behavioral analytics within immersive environments focus on 
tracking user interactions, decision timing, and procedural accuracy.

Behavioral Analytics Integration is used in this chapter to describe 
how XR-based simulations can capture fine-grained behavioral data—such 
as gaze tracking, tool use, and hand gesture fidelity—within clinical training 
contexts.

This approach reframes behavioral analytics as an integral dimension of 
immersive gameplay, offering dynamic learner profiling and personalized learning 
path adjustments.

Key Performance Indicators (KPIs) in XR Assessment:

 • Gaze Tracking Patterns: Eye-tracking data reveals attention 
allocation, information processing strategies, and visual scanning 
efficiency during clinical scenarios

 • Hand Gesture Accuracy: Precise measurement of procedural skill 
execution, including movement efficiency, hand steadiness, and 
technique adherence

 • Decision-Making Speed: Time-to-decision metrics across various 
clinical scenarios, indicating cognitive processing efficiency and 
clinical reasoning speed
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 • Spatial Navigation Efficiency: Movement patterns within virtual 
environments, reflecting spatial awareness and clinical workflow 
optimization

 • Tool Usage Patterns: Frequency and accuracy of medical equipment 
interaction, indicating procedural competency development

Advanced Analytics Dashboard Implementation:

Modern XR assessment systems utilize machine learning algorithms to 
analyze complex behavioral patterns and provide actionable feedback. These 
dashboards present real-time visualizations of learner performance, enabling 
immediate intervention and personalized learning path adjustments.

Example Implementation - “Clinical Decision Analytics Platform”:

Performance Metrics Visualization:

 • Attention Heatmaps: Visual representation of gaze patterns during 
patient examination

 • Procedure Timeline: Step-by-step analysis of clinical interventions 
with accuracy scoring

 • Communication Analysis: Speech pattern recognition for patient 
interaction quality

 • Stress Indicators: Physiological response monitoring during high-
pressure scenarios

 • Collaborative Metrics: Team interaction patterns in multi-user 
simulations

1.6.2. Competency-Based Assessment Frameworks

1.6.2.1. Miller’s Pyramid in Immersive Environments

Miller’s Pyramid (1990) is a hierarchical model of clinical competence 
ranging from knowledge acquisition to performance in authentic settings. 
While widely applied in traditional simulation and assessment, its adaptation 
to immersive digital contexts remains an emerging area.

“Assessment should progress from what the learner knows to what the 
learner does in real clinical situations.”

(Miller, 1990)

Miller’s Pyramid in Immersive Environments refers to the adaptation 
of this model within XR scenarios—where learners demonstrate procedural 
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and communicative competence through immersive tasks that simulate real-
life complexity.

This expanded model maps each level of the Pyramid to virtual competencies, 
from in-game diagnostics to full-scenario clinical reasoning, within realistic, 
consequence-driven simulations.

Level 1 - Knows (Factual Knowledge):

 • Embedded knowledge checks through interactive quiz systems

 • Real-time information recall during clinical scenarios

 • Pattern recognition exercises using visual diagnostic tools

Level 2 - Knows How (Applied Knowledge):

 • Problem-solving scenarios requiring theoretical knowledge application

 • Diagnostic reasoning challenges with immediate feedback

 • Case-based learning with branching narrative paths

Level 3 - Shows How (Demonstrated Performance):

 • Standardized virtual patient encounters with structured assessment 
rubrics

 • Procedural skill demonstration in controlled virtual environments

 • Communication skill evaluation through AI-powered patient 
interactions

Level 4 - Does (Authentic Performance):

 • Complex multi-patient scenarios requiring prioritization and resource 
management

 • Interprofessional team-based simulations with realistic time pressures

 • Longitudinal performance tracking across varied clinical contexts

Entrustable Professional Activities (EPA) Integration

EPAs were proposed by ten Cate (2005) as observable, measurable 
clinical tasks that serve as units of entrustment in competency-based 
education. They are commonly used in medical licensing and transition-to-
practice assessments.

“An EPA is a unit of professional practice that can be fully entrusted to a 
trainee once sufficient competence has been reached.”

(ten Cate, 2005)
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EPA Integration in this chapter explores how immersive simulations 
can track learner progression through EPA-aligned milestones, including 
levels of supervision and contextual complexity.

The model links EPA assessment criteria with behavioral and performance 
data captured in XR games, enabling real-time supervision-level mapping and 
digital portfolio generation.

EPA Tracking Implementation:

 • Supervision Level Indicators: Real-time assessment of required 
supervision levels during virtual clinical encounters

 • Milestone Progression Mapping: Visual representation of 
competency development across EPA domains

 • Competency Portfolio Generation: Automated compilation of 
performance evidence supporting EPA advancement decisions

1.6.3 Multi-Modal Evaluation Methods

Integrated Assessment Approaches

Integrated or mixed-method assessment combines multiple evaluation 
strategies—such as knowledge tests, performance rubrics, and reflections—
to capture the full spectrum of learning outcomes (Cook & Lineberry, 
2016).

“Effective assessment should be multimodal, continuous, and aligned with 
instructional strategies.”

(Cook & Lineberry, 2016)

Integrated Assessment Approaches refer to the embedding of pre-and 
post-tests, self-evaluation tools, peer assessments, and live analytics within 
immersive games to produce layered, holistic evaluations.

This model reimagines assessment as a continuous, transparent part of the 
learning experience rather than an isolated endpoint.

Pre/Post Simulation Assessment Battery:

 • Knowledge Assessment: Validated instruments measuring domain-
specific clinical knowledge

 • Confidence Scales: Self-efficacy measurements related to specific 
clinical skills

 • Attitude Surveys: Professional attitude and value assessments
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 • Anxiety Indicators: Clinical anxiety and stress response measurements

Performance-Based Assessment Rubrics:

Figure 1. Procedural Skills Evaluation Matrixs

Figure 1 presents a weighted, competency-based matrix for evaluating 
procedural skills in immersive healthcare simulations. It categorizes 
assessment dimensions into four domains—Technical Proficiency, 
Clinical Reasoning, Communication Skills, and Professionalism—with 
corresponding performance indicators and relative weightings. This 
structured model allows for transparent, criteria-based evaluation of learner 
performance during XR-enhanced training.

Peer Evaluation in Collaborative Scenarios:

Multi-user XR environments enable authentic peer assessment through 
structured observation protocols. Learners evaluate teammates’ performance 
using validated rubrics while participating in shared clinical scenarios.

Self-Reflection Through Recorded Gameplay Analysis:

XR systems can record complete simulation sessions, enabling learners to 
review their performance and engage in structured self-assessment activities. 
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This metacognitive approach enhances learning retention and promotes 
professional development.

1.6.4 Quality Assurance and Validation

Evidence-Based Validation Protocols

Validation in educational assessment involves establishing reliability, 
construct validity, and fairness of instruments (Downing, 2003). For 
immersive tools, this requires additional scrutiny around simulation fidelity 
and data interpretation.

“Validity is not a test property but a process of accumulating evidence to support 
test score interpretations.”

(Downing, 2003)

Evidence-Based Validation Protocols describe a systematic process for 
ensuring the educational and ethical credibility of XR-based assessment tools, 
including psychometric testing, usability analysis, and equity evaluation.

This model outlines a continuous improvement loop that supports the transparent 
and data-driven validation of immersive learning systems.

Construct Validity Testing:

 • Factor analysis of assessment dimensions

 • Correlation studies with established clinical competency measures

 • Expert panel validation of assessment criteria

Concurrent Validity Studies:

 • Comparison with traditional simulation-based assessments

 • Correlation with Clinical Performance Evaluations

 • Predictive validity for real-world clinical outcomes

Reliability Measures:

 • Test-Retest Reliability: Consistency of assessment scores across 
multiple sessions

 • Inter-Rater Reliability: Agreement among multiple evaluators using 
the same assessment criteria

 • Internal Consistency: Reliability of multi-item assessment scales

Fairness and Bias Assessment:

 • Differential item functioning analysis across demographic groups
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 • Cultural sensitivity evaluation of assessment scenarios

 • Accessibility testing for learners with disabilities

Continuous Improvement Framework:

Assessment systems require ongoing refinement based on user feedback, 
performance data analysis, and educational outcome studies.

Quality Improvement Cycle:

1. Data Collection → Performance metrics and user feedback

2. Analysis → Statistical analysis and pattern identification

3. Validation → Psychometric testing and outcome correlation

4. Refinement → Assessment criteria and rubric updates

5. Implementation → System updates and user training

6. Monitoring → Ongoing performance tracking

1.6.5 Assessment Integration Best Practices

Seamless Assessment Integration

Practical XR assessment should be embedded naturally within the 
learning experience rather than appearing as separate evaluation activities.

Design Principles for Integrated Assessment:

 • Authentic Context: Assessments occur within realistic clinical 
scenarios

 • Immediate Feedback: Real-time performance indicators and 
corrective guidance

 • Progressive Difficulty: Assessment complexity increases with learner 
competency

 • Personalized Pathways: Adaptive assessment based on individual 
learning needs

Data Privacy and Security Considerations

XR assessment systems collect sensitive learner performance data 
requiring robust privacy protection and secure data management protocols.

Privacy Protection Framework:

 • De-identification of assessment data for research purposes

 • Secure data transmission and storage protocols
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 • Learner consent management for data collection and use

 • Compliance with educational privacy regulations (FERPA, GDPR)

Faculty Development for XR Assessment

Successful implementation requires comprehensive faculty training on 
XR assessment interpretation and integration with traditional evaluation 
methods.

Faculty Training Components:

 • XR assessment platform navigation and data interpretation

 • Integration with existing curriculum and assessment strategies

 • Best practices for providing feedback based on XR performance data

 • Ethical considerations in learning analytics and student privacy

1.7. Conclusion and Future Directions

The integration of immersive technologies into serious games for 
healthcare marks a turning point in how clinical education is designed, 
delivered, and experienced. As this chapter has outlined, selecting the 
appropriate development platforms and tools is not solely a technical 
decision but a pedagogical and strategic one. Each engine—whether Unity 
for modular scalability, Unreal for high-fidelity realism, or MRTK for 
spatial collaboration—offers distinct strengths that must be aligned with 
institutional goals, learner needs, and instructional outcomes. A successful 
implementation requires not only technological infrastructure, but also 
interdisciplinary cooperation, iterative validation, and robust assessment 
systems that ensure educational value is sustained over time.

Looking ahead, the most exciting potential lies in the seamless integration 
of artificial intelligence into immersive game engines, enabling the 
generation of real-time, adaptive scenarios. AI-supported XR platforms 
will be able to analyze a student’s decision-making patterns, cognitive load, 
and emotional responses, dynamically adjusting the narrative, difficulty, or 
patient behavior accordingly. For instance, a virtual patient experiencing 
post-operative pain could shift emotional states based on the learner’s tone 
of voice or treatment sequence, providing a personalized and emotionally 
intelligent simulation. These real-time adaptive environments will serve as 
mentors as much as they do simulators, opening new possibilities in empathy 
training and ethical reasoning.
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Furthermore, cloud-based XR development and deployment pipelines 
will democratize access to immersive training. Institutions will be able to 
deploy serious games directly through web browsers or lightweight mobile 
AR solutions, eliminating the need for high-end hardware. This enables 
global health education networks to share content and benchmark learning 
outcomes. Through open standards such as OpenXR and interoperable 
analytics protocols, it will become possible to aggregate de-identified learning 
data across institutions, identifying trends in skill acquisition, training gaps, 
and patient safety indicators.

Ultimately, the future of immersive healthcare education lies not only 
in better graphics or faster processors, but in designing systems that are 
pedagogically intelligent, ethically grounded, and globally scalable. 
The challenge for the next generation of serious game designers is to think 
beyond simulation and toward transformation—creating experiences that 
do not just replicate clinical environments, but reimagine what healthcare 
learning could be when technology, empathy, and pedagogy converge.
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Chapter 5

XR Applications in Healthcare Education 
Serious Games 

Mustafa Kuş1

Abstract

This chapter presents a comprehensive analysis of contemporary XR-based 
serious game implementations in healthcare education from 2020 to 2025. 
The selected case studies represent commercially available and academically 
validated applications that demonstrate the successful integration of game 
mechanics with educational objectives across multiple healthcare domains.

The analysis encompasses 16 applications organized across six areas 
of healthcare education: medical education, nursing education, dental 
education, nutrition education, and physiotherapy education. Each section 
features Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality 
(MR) examples, where available, providing diverse technological approaches 
to integrating serious games.

Introduction

This chapter presents a comprehensive analysis of contemporary XR-
based serious games implementations in healthcare education from 2020-
2025. The selected case studies represent commercially available and 
academically validated applications that demonstrate successful integration 
of game mechanics with educational objectives in healthcare contexts. Each 
application is evaluated through the lens of serious games design principles, 
examining how game elements enhance learning outcomes while maintaining 
educational rigor.

The case studies are organized by healthcare education domains, with 
each section featuring at least two VR examples, two AR examples, and 
Mixed Reality (MR) applications where available. These real-world 
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implementations provide practical insights for educators, game designers, 
and administrators considering the development or adoption of XR-based 
serious games in their institutions. All featured applications have been 
validated through peer-reviewed research and demonstrate measurable 
educational outcomes in healthcare settings.

The analysis framework evaluates each case study across four critical 
dimensions: serious games design elements, pedagogical effectiveness, 
technological implementation, and scalability potential. This systematic 
approach enables readers to understand not only what makes these 
applications successful but also how serious games principles can be 
effectively integrated into XR healthcare education environments.

1.1 Medical Education Serious Games

1.1.1. 3D Organon 

Application Overview:

 • Primary Use: Gamified anatomical exploration and medical 
knowledge assessment

 • Target Population: Medical, nursing, physiotherapy students

 • Technology Stack: Multi-platform VR (Meta Quest, HTC Vive, PC 
VR)

Serious Games Design Elements:

 • Progressive Unlocking System: Students unlock anatomical systems 
through knowledge demonstrations

 • Challenge-Based Learning: Quiz modes with time pressure and 
scoring mechanics

 • Virtual Dissection Games: Interactive layer-by-layer exploration 
with achievement systems

 • Collaborative Competition: Multi-user challenges in shared virtual 
anatomy labs

 • Performance Analytics: Real-time scoring and progress tracking 
across learning modules

Game Mechanics Integration: The platform integrates gaming elements 
with traditional anatomy education to enhance student engagement:

 • Achievement Badges: Students earn credentials for mastering 
different body systems
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 • Leaderboard Systems: Comparative performance tracking motivates 
continued engagement

 • Exploration Rewards: Discovery-based learning with hidden 
anatomical features

 • Mission-Based Structure: Structured learning paths with clear 
objectives and goals

Research Evidence: A technology acceptance study involving n=17 
medical and neuroscience students evaluated 3D Organon for eye and ear 
anatomy learning. Students highly accepted the platform, with enjoyment 
being the highest rated factor (μ = 1.9) and perceived ease of use strongly 
predicting behavioral intention (β = 1.01). The study’s small sample size 
suggests need for larger-scale validation studies (Alturkustani et al.,2025).

Website: https://www.3dorganon.com/

1.1.2. Osso VR (Surgical Training Serious Games)

Application Overview:

 • Primary Use: Gamified surgical procedure training with assessment 
mechanics

 • Target Population: Medical students, surgical residents, practicing 
surgeons

 • Technology Stack: VR headsets with haptic feedback and 
performance analytics

Serious Games Design Elements:

 • Skill Trees: Progressive surgical competency development through 
game-like advancement

 • Scenario Challenges: Time-based surgical missions with scoring 
systems

 • Multiplayer Training: Team-based surgical scenarios with role-
playing elements

 • Failure Mechanics: Risk-reduced practice environment with scenario 
repetition options

 • Certification Games: Competency-based advancement through 
surgical skill challenges

https://www.3dorganon.com/
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Game Mechanics Integration:

 • Performance Scoring: Performance tracking systems that have 
shown improvement metrics in controlled studies

 • Procedural Mastery: Level-based progression through increasingly 
complex surgical scenarios

 • Social Learning: Peer comparison and collaborative learning 
environments

 • Immediate Feedback: Game-like response systems for technical skill 
development

Research Evidence: A randomized controlled pilot study with n=20 
medical students and residents examined VR training effectiveness for 
SCFE procedures. VR-trained participants demonstrated 19% shorter 
completion times and 70% fewer repositioning attempts, with significant 
angular accuracy improvements. As a pilot study, findings require validation 
in larger, multi-institutional trials (Cevallos et al., 2022).

Website: https://www.ossovr.com 

1.1.3. MERGE Cube Medical Education (AR/VR Serious Games 
Platform)

Application Overview:

 • Primary Use: Gamified organ system exploration through handheld 
AR interactions

 • Target Population: Medical students, K-12 health education

 • Technology Stack: Mobile AR with physical cube manipulatives

Serious Games Design Elements:

 • Physical-Digital Interaction: Cube manipulation mechanics for 
organ system exploration

 • Collection Games: Students “collect” anatomical knowledge through 
AR discoveries

 • Puzzle Challenges: Assembling organ systems through AR-guided 
game mechanics

 • Knowledge Quests: Structured learning adventures with clear 
progression paths

https://www.ossovr.com
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 • Achievement Systems: Unlockable content based on learning 
milestones

Game Mechanics Integration: The platform gamifies medical education 
through:

 • Exploration Rewards: Hidden anatomical features revealed through 
cube manipulation

 • Progressive Complexity: Layered learning with increasing challenge 
levels

 • Social Sharing: Platform includes features for knowledge sharing 
and peer interaction

 • Immediate Validation: Real-time feedback on anatomical 
identification and understanding

Research Evidence: Mobile-based AR using MERGE Cube technology 
demonstrated effectiveness equivalent to peer teaching programs in anatomy 
education, with significant improvement in test scores for AR intervention 
groups. The study confirmed AR’s potential to simulate hands-on laboratory 
time and provide effective 3D realistic anatomic imaging that engages 
visuospatial skills while being accessible remotely (Uribe et al., 2023).

Web sites: https://mergeedu.com/cube 

1.1.4. HoloAnatomy MR (Microsoft HoloLens)

Application Overview:

 • Primary Use: Holographic anatomy education with serious games 
elements

 • Target Population: Medical students, surgical training programs

 • Technology Stack: Microsoft HoloLens with spatial computing 
capabilities

Serious Games Design Elements:

 • Holographic Puzzles: Students solve anatomical challenges in shared 
physical spaces

 • Collaborative Quests: Team-based learning missions with role 
assignments

 • Spatial Challenges: 3D problem-solving games requiring anatomical 
knowledge

https://mergeedu.com/cube
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 • Performance Competitions: Group challenges in holographic 
anatomy exploration

 • Achievement Unlocking: Progressive content access through 
demonstrated competency

Game Mechanics Integration:

 • Environmental Gaming: Physical learning spaces are integrated 
with virtual content

 • Collaborative Mechanics: Multiple students interact with shared 
holographic content

 • Spatial Problem-Solving: 3D anatomical puzzles requiring team 
coordination

 • Real-Time Assessment: Assessment features integrated within 
interactive scenarios

Research Evidence: The study developed an instructional model using 
HoloLens mixed-reality technology that targeted behavioral, emotional, and 
cognitive dimensions of student engagement through team-based learning 
(TBL) and case-based learning (CBL). Student engagement was assessed 
through observed behavioral indicators, demonstrating the effectiveness of 
this immersive technology in delivering human gross anatomy laboratory 
sessions to first-year osteopathic medical students (Richards, 2023).

Website: https://www.alensiaxr.com  

1.2 Nursing Education Serious Games

1.2.1 UbiSim VR 

Application Overview:

 • Primary Use: Gamified nursing simulation through immersive VR 
scenarios

 • Target Population: Nursing students, continuing education 
programs

 • Technology Stack: Advanced VR headsets with motion tracking and 
scenario customization

 • Implementation Challenges: Platform adoption requires careful 
curriculum integration and faculty training 

https://www.alensiaxr.com
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 • Student Adaptation Variability: Learning outcomes vary based on 
individual student technology comfort levels

Serious Games Design Elements:

 • Scenario-Based Missions: Clinical challenges with clear objectives 
and success criteria

 • Multi-User Collaborative Gameplay: Team-based patient care 
scenarios requiring coordination

 • Performance Scoring Systems: Real-time evaluation of nursing 
interventions and decisions

 • Achievement Progression: Competency-based advancement 
through clinical skill levels

 • Customizable Patient Scenarios: Educator-controlled difficulty and 
complexity adaptation

 • Mixed-Modality Integration: Combines VR simulation with 
traditional methods to address varied learning preferences 

 • Technology Adaptation Support: Built-in tutorials and progressive 
exposure to reduce technology-related anxiety

Game Mechanics Integration:

 • Immersive Patient Encounters: VR simulation aims to provide 
realistic clinical scenarios for learning 

 • Collaborative Team Mechanics: Multiple nurses work together in 
shared virtual environments

 • Intuitive Scenario Editor: No-code authoring tool enables custom 
challenge creation

 • Progress Analytics: Performance monitoring tools designed to assess 
clinical reasoning progress

 • Safe Failure Environment: Risk-free practice with immediate 
scenario restart capabilities

Research Evidence: The HRSA-funded study provided student nurses 
with supplemental virtual reality simulation experiences through UbiSim® 
as part of the nursing program curriculum. Virtual reality simulation received 
mixed evaluations among student nurses, with benefits including enhanced 
engagement and immersive learning experiences, while concerns centered 
on technology adaptation challenges and the need for comprehensive faculty 
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support during implementation. The study emphasizes the importance 
of strategic integration rather than wholesale replacement of traditional 
simulation methods (Thrift et al., 2025).

Website: https://www.ubisimvr.com 

1.2.2. Oxford Medical Simulation

Application Overview:

 • Primary Use: Gamified emergency nursing scenarios with crisis 
management

 • Target Population: Emergency nursing programs, continuing 
education

 • Technology Stack: VR headsets with physiological patient modeling

Serious Games Design Elements:

 • Crisis Management Games: High-pressure scenarios with time 
constraints and scoring

 • Team Coordination Challenges: Multi-user nursing scenarios 
requiring collaboration

 • Protocol Mastery: Game-based learning of emergency nursing 
procedures

 • Patient Safety Missions: Scenarios focused on preventing medical 
errors through gaming

 • Competency Competitions: Skill-based challenges with peer 
comparison

Game Mechanics Integration:

 • Stress Simulation: Simulation incorporates time-pressure elements 
designed to approximate clinical urgency

 • Performance Metrics: Real-time scoring of nursing interventions 
and decisions

 • Failure Learning: Scenario repetition capabilities allow multiple 
practice attempts

 • Progressive Difficulty: Emergency scenarios increase in complexity 
through gameplay

Research Evidence: Multiple institutional case studies demonstrate 
significant efficiency gains, with one implementation showing a 2,000-session 

https://www.ubisimvr.com/
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reduction in staffing time and estate costs, resulting in a 74% decrease. At the 
same time, learners completed 12,800 scenarios in one month, equivalent 
to 380 days of simulation. Educational institutions report that students are 
highly engaged and immersed in VR scenarios, with Nightingale College 
running over 20,000 scenarios per semester and students feeling more 
prepared for real-life emergencies.

Website: https://oxfordmedicalsimulation.com 

1.2.3. WEFI Games VR Platform 

Application Overview:

 • Primary Use: Gamified nursing care training for hyperglycemia 
management through immersive VR scenarios

 • Target Population: Graduate nursing students, clinical nurses 
pursuing advanced education, internal medicine nursing programs

 • Technology Stack: Oculus Quest VR headsets with Unity 2020.3.3f1 
engine, head movement navigation without hand controllers

Serious Games Design Elements:

 • Immersive Patient Scenarios: Students navigate virtual hospital 
environments with realistic patient encounters requiring hyperglycemia 
management decisions

 • Avatar-Based Learning: Generation Z-friendly visual design with 
avatar-style characters and vibrant hospital environments that differ 
from traditional clinical settings

 • Achievement-Based Progression: The badge system rewards 
successful completion of nursing care scenarios with “TEBRIKLER” 
(congratulations) feedback

 • Multi-Modal Information Delivery: Continuous flow of visual 
and auditory information maintains student engagement in game 
scenarios

 • Safe Practice Environment: Risk-free virtual space enables repeated 
practice of high-stakes nursing interventions without patient safety 
concerns

https://oxfordmedicalsimulation.com
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Game Mechanics Integration:

 • Experiential Learning Gameplay: Students apply theoretical 
nursing knowledge directly to virtual patient care scenarios, enhancing 
knowledge retention through practical application

 • Head-Movement Navigation: Simplified interaction design 
eliminates controller complexity, focusing attention on clinical 
decision-making rather than technical manipulation

 • Real-Time Performance Feedback: Immediate visual and auditory 
responses to nursing interventions provide continuous learning 
reinforcement

 • Scenario-Based Challenges: Structured patient care missions with 
clear objectives and success criteria for hyperglycemia management

 • Adaptive Learning Paths: The platform accommodates different 
experience levels, from graduate students to practicing nurses

Research Evidence: A qualitative study involving 13 graduate nursing 
students (77% female, 23% male) reveals positive learning experiences, 
with 92.3% of participants having no prior experience with smart glasses. 
Thematic analysis reveals five key themes: emotional engagement, positive 
learning experiences, accessibility of technology, future clinical applications, 
and design feedback. Students report enhanced knowledge retention, 
immersive learning environments, and strong potential for clinical skill 
development (Calik, Ozkul and Kapucu, 2024).

Educational Impact: Participants emphasize smart glasses as 
“immersive” and “interesting” learning tools that make nursing education 
more memorable than traditional teaching methods. Students report 
that applying theoretical knowledge in virtual patient scenarios increases 
knowledge permanence, with continuous information flow maintaining 
engagement throughout learning sessions.

Websites: http://wefigames.com  

1.2.4. vrClinicals for Nursing (Advanced VR Clinical Training)

Application Overview:

 • Primary Use: Multi-patient VR simulation with conversational AI 
and complex care scenarios

 • Target Population: Advanced nursing students, NCLEX preparation 
programs

http://wefigames.com
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 • Technology Stack: Advanced VR systems with conversational AI 
integration

Serious Games Design Elements:

 • Multi-Patient Management Games: Complex priority-setting 
challenges with scoring systems

 • Conversational AI Interactions: Natural language patient 
communication with performance evaluation

 • Real-Time Decision Pressure: Time-constrained scenarios requiring 
quick clinical judgment

 • Interruption and Event Management: Dynamic scenarios with 
changing patient conditions

 • Next Generation NCLEX Preparation: Gaming mechanics aligned 
with updated nursing assessment standards

Game Mechanics Integration:

 • Priority Management Challenges: Students must reprioritize care 
based on evolving patient data

 • Delegation Gaming: Team-based scenarios requiring effective task 
distribution

 • Communication Skill Building: AI-powered patient interactions with 
feedback on therapeutic communication

 • Clinical Judgment Advancement: Progressive scenarios building 
from vSim single-patient foundation

 • Performance Analytics: Comprehensive tracking of decision-making 
patterns and outcomes

Website: https://www.wolterskluwer.com/en/solutions/lippincott-
nursing-faculty/vrclinicals-for-nursing

1.3 Dental Education Serious Games

1.3.1. Virteasy Dental VR (Haptic-Enhanced Dental Training 
Platform)

Application Overview:

 • Primary Use: Gamified dental procedure training with haptic 
feedback integration

https://www.wolterskluwer.com/en/solutions/lippincott-nursing-faculty/vrclinicals-for-nursing
https://www.wolterskluwer.com/en/solutions/lippincott-nursing-faculty/vrclinicals-for-nursing
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 • Target Population: Dental students, practicing dentists, dental 
education programs

 • Technology Stack: VR headsets with advanced haptic arms, 3D 
mouse navigation, RFID card readers

Serious Games Design Elements:

 • Progressive Skill Trees: Students advance through increasingly 
complex dental procedures with achievement unlocking

 • Haptic Challenge Scenarios: Haptic drilling simulations programmed 
to provide variable resistance feedback

 • Performance-Based Advancement: Competency gates require a 
demonstration of technical proficiency before accessing advanced 
modules

 • Multi-Tool Mastery Games: Interactive scenarios requiring proper 
instrument selection and manipulation techniques

 • Real-Time Assessment Challenges: Immediate scoring and feedback 
on precision, technique, and procedural accuracy

 • Adaptive Complexity Management: Platform adjusts immersion 
levels based on task complexity and student competency 

 • Hybrid Training Approach: Combines traditional haptic simulation 
with selective VR integration for optimal learning outcomes 

 • Performance-Based VR Integration: VR immersion activated 
progressively as students master fundamental skills

Game Mechanics Integration:

 • Tactile Feedback Systems: The haptic arm allows for realistic 
manipulation of the various tools, offering the possibility to feel the 
different resistances to contact with the tooth components

 • Selective Immersion Scenarios: Platform provides controlled 
immersion levels, balancing virtual environment benefits with task 
performance optimization for complex procedures 

 • Customizable Learning Paths: Virteasy Editor is a powerful tool 
for importing patient scans, defining caries, and fully controlling your 
specific cases to take learning to the next level

 • Achievement-Based Progression: Students receive feedback 
recognition upon completing body system modules 
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 • Social Learning Elements: Multi-user scenarios enabling 
collaborative dental procedure practice

Research Evidence: Research findings present mixed results for full VR 
immersion in dental training. While haptic simulation shows promise for 
skill development, the study revealed that combining VirTeaSy Dental® 
simulator with VR headsets resulted in decreased performance in complex 
access cavity preparation tasks. However, the platform’s haptic feedback 
capabilities remain valuable for foundational skill building and procedural 
understanding (Bandiaky et al., 2025).

Website: https://virteasy.com/

1.3.2. Dental VR Academy (Nursing Skills Virtual Reality 
Platform)

Application Overview:

 • Primary Use: Comprehensive dental nursing training through 
immersive VR simulations

 • Target Population: Dental nursing students, dental assistant training 
programs

 • Technology Stack: VR headset and comes with the Dental VR 
Academy app pre-installed and ready to go

Serious Games Design Elements:

 • Clinical Scenario Challenges: Students can infinitely practice 
and hone their skills without the practical limitations of classroom 
training, performing the same processes that they are expected to be 
able to perform in the real world

 • Competency-Based Progression: Training modes followed by 
assessment evaluations

 • Performance Tracking Systems: Assessment mode, which teachers 
can then review in the Assessment Centre - an easy-to-use web-based 
tool that is included

 • Real-World Procedure Simulation: Authentic dental clinic 
environments with accurate instrumentation

 • Achievement-Based Learning: Progressive unlocking of advanced 
dental nursing procedures

https://virteasy.com/
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Game Mechanics Integration:

 • Risk-Free Practice Environment: Students practice complex 
procedures without patient safety concerns

 • Immediate Assessment Feedback: Real-time evaluation of dental 
nursing competencies

 • Expandable Content Modules: choosing from an expanding 
selection of training modules

 • Self-Paced Learning Progression: Students advance through 
modules based on demonstrated competency

Website: https://www.dentalvr.academy/

1.3.3. Simodont Dental Trainer (Haptic VR Dental Education 
Platform)

Application Overview:

 • Primary Use: Gamified dental procedure training with advanced 
haptic feedback and AI integration

 • Target Population: Dental students, preclinical education, continuing 
dental education

 • Technology Stack: VR headsets with sophisticated haptic technology, 
AI-trained algorithm for DICOM file conversion

Serious Games Design Elements:

 • Progressive Skill Building: Research shows that skills learned on 
Simodont are carried over into the real world, improving performance

 • Patient-Specific Training 2.0: CBCT or micro-CT scans (.DICOM 
files) can be easily converted into Simodont compatible models with 
AI-trained algorithm

 • Comprehensive Assessment Modes: Simodont has been used for 
preclinical assessment in cavity preparation and tooth preparation 
with progress traced, recorded, and scored

 • Unlimited Learning Opportunities: Device not only simulates the 
clinical scenario but also provides the unlimited learning opportunity 
without material consumption

 • Real-World Transfer Validation: proven skill transfer from 
Simodont into the physical world, for example by training on virtual 
reality manual dexterity blocks

https://www.dentalvr.academy/


Mustafa Kuş | 97

Game Mechanics Integration:

 • Realistic Haptic Feedback: Mimics the touch sensations of clinical 
drilling procedures such as caries removal, tooth preparation, and 
pulp chamber opening through sensory feedback

 • Custom Curriculum Development: Curriculum integration 
support: platform designed to complement existing dental education 
curricula

 • Life-like Clinical Experience: Haptic feedback system designed to 
simulate handpiece manipulation

 • Evidence-Based Performance Tracking: Tracking drill time and net 
score for repeated manual dexterity exercises showing evidence that 
practicing hand skills improves performance

 • Early Clinical Exposure: first year students able to practice indirect 
vision earlier than ever in de curriculum

Research Evidence: A randomized controlled trial involving 40 dental 
students demonstrated that skill development in students trained using 
Simodont was comparable to that in students using artificial teeth, with no 
statistically significant difference in improvement rates (23% vs. 39%, p = 
.315). The study concluded that Simodont was acceptable to students and 
its use as an adjunct to artificial teeth in endodontic access cavity training is 
reasonable (Slaczka et al., 2024).

Website: https://www.simodontdentaltrainer.com/

1.4. Nutrition Education 

1.4.1. IVAN VR (Immersive Virtual Alimentation)

Application Overview:

 • Primary Use: Immersive Virtual Alimentation and Nutrition (IVAN) 
application designed to educate users about food-energy density and 
portion size control

 • Target Population: Nutrition students, public health education 
programs, patient education

 • Technology Stack: Interactive VR environments with food 
manipulation capabilities

https://www.simodontdentaltrainer.com/
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Serious Games Design Elements:

 • Knowledge Construction Games: Users actively construct 
knowledge about energy density by manipulating virtual food items 
and exploring the concept of portion size control through hypothesis 
testing and assembling virtual meals in iVR

 • Hypothesis Testing Challenges: Students experiment with meal 
combinations to understand nutritional balance

 • Interactive Food Manipulation: Hands-on learning through virtual 
food item assembly and analysis

 • Portion Control Missions: Progressive scenarios teaching 
appropriate serving sizes

 • Nutritional Discovery Quests: Guided exploration of food energy 
density concepts

Game Mechanics Integration:

 • Experimental Learning Mechanics: Students test nutritional 
hypotheses through virtual meal creation

 • Interactive learning pathways: Platform supports knowledge 
building through virtual food manipulation activities 

 • Immediate Nutritional Feedback: Real-time analysis of meal 
composition and energy content

 • Remote Learning Capabilities: Remote study using the Immersive 
Virtual Alimentation and Nutrition (IVAN) application

Website: https://www.psu.edu/news/research/story/digital-dietician-
developed-penn-state-may-help-people-make-better-choices 

1.4.2. Foodbot Factory (Mobile Serious Game)

Application Overview:

 • Primary Use: Mobile educational gaming platform designed to 
enhance elementary students’ understanding of nutritional guidelines 
through Canada’s Food Guide

 • Target Population: Elementary learners aged 8-10 years, primary 
school health curriculum, standards-aligned education

 • Technology Stack: Smartphone-based educational game featuring 
behavioral modification techniques and interactive gaming elements

https://www.psu.edu/news/research/story/digital-dietician-developed-penn-state-may-help-people-make-better-choices
https://www.psu.edu/news/research/story/digital-dietician-developed-penn-state-may-help-people-make-better-choices
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Serious Games Design Elements:

 • Structured Educational Components: Educational framework 
encompasses five nutritional categories: beverages, produce items, 
grain-based foods, animal-derived proteins, and plant-based protein 
sources

 • Character-Driven Learning Experiences: Educational platform 
features scientific characters and robotic assistants that facilitate 
entertaining conversations and educational mini-challenges

 • Systematic Learning Progression: Educational design incorporates 
19 distinct learning goals, combining 13 established objectives with 
six newly developed competency targets

 • Practical Application Scenarios: Narrative elements integrate 
nutritional wellness concepts that correspond with established 
educational outcomes

Game Mechanics Integration:

 • Engagement-Focused Mini-Challenges: Educational activities 
feature narrative-driven challenges that reinforce nutritional wellness 
principles through established learning frameworks

 • Student-Focused Development Methodology: Cyclical design 
process exemplifies strategies for enhancing learner participation, 
satisfaction, and platform accessibility

 • Evidence-Based Assessment Tools: Nutritional understanding 
evaluation instrument specifically created for Canada’s dietary 
guideline measurement

 • Educational Implementation Framework: Standards-aligned 
instructional materials created to assist educators and students aged 
8-12 in nutritional learning

Research Evidence: Multiple research investigations indicate that 
Foodbot Factory demonstrates significant promise as an educational 
platform for enhancing children’s nutritional understanding.

Website: https://arcandnutritionlab.com/foodbot-factory/ 

https://arcandnutritionlab.com/foodbot-factory/
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1.5. Physiotherapy Education 

1.5.1. PhysioLearn VR (Anatomy Education Platform)

Application Overview:

 • Primary Use: Three-dimensional virtual reality learning environment 
designed for comprehending sophisticated anatomical structures 
within physiotherapy curricula

 • Target Population: Healthcare students, physical therapy learners, 
medical educators and academic professionals

 • Technology Stack: Open-access virtual reality educational system 
incorporating advanced VR and tactile feedback Technologies

Serious Games Design Elements:

 • Three-Dimensional Learning Exploration: Open-access virtual 
reality educational system created for healthcare students, instructors, 
and academic practitioners

 • Tactile Learning Implementation: Constructed using cutting-edge 
VR and haptic feedback systems, delivering experiential educational 
opportunities

 • Academic-Clinical Connection: An educational platform connects 
theoretical understanding with hands-on competencies in anatomical 
comprehension

 • Virtual Anatomical Investigation: Learners examine human 
physiological systems through unprecedented immersive digital 
environments

 • Multi-User Educational Spaces: Platform capabilities support shared 
anatomical investigation and collaborative academic discussions

Game Mechanics Integration:

 • Interactive Anatomical Investigation: Three-dimensional learning 
spaces convert conventional anatomy instruction into compelling 
exploratory experiences

 • Structured Competency Advancement: The educational system 
provides organized learning sequences from fundamental anatomical 
concepts to advanced clinical implementations

 • Milestone-Based Progression: Students progress through escalating 
anatomical complexity and physiological system understanding
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 • Immediate Learning Assessment: Instant evaluation of anatomical 
comprehension and three-dimensional spatial reasoning

 • Personalized Educational Sequences: Dynamic content presentation 
responding to individual learning requirements and academic 
advancement

Website: https://physiolearn.netlify.app/

1.5.2. Clinical Pattern Recognition 

Application Overview:

 • Primary Use: Evidence-based simulations and interactive gamified 
content for physiotherapy clinical decision-making training

 • Target Population: Physiotherapy students, clinical education 
programs, professional development

 • Technology Stack: Interactive simulations, 3D anatomical models, 
case-based scenarios, and gamified learning modules

Serious Games Design Elements:

 • Clinical Reasoning Simulations: The platform employs research-
backed simulation scenarios that enhance student participation while 
facilitating knowledge synthesis and practical application

 • Neurological System Gamification: Learning modules incorporate 
game-based elements to support a comprehensive understanding of 
neurological concepts and processes

 • Structured Competency Development: Educational framework 
features incrementally advancing challenges that establish robust 
neuroanatomical foundations for clinical applications

 • Scenario-Based Learning Modules: Patient-centered educational 
tools enable students to apply theoretical concepts within realistic 
clinical contexts

 • Integrated Evaluation Systems: Multimedia assessment platform 
encompasses neurologic examination components with interactive 
testing functionalities

Game Mechanics Integration:

 • Interactive Learning Pathways: Game-enhanced educational 
content transforms complex neurological concepts into accessible and 
engaging learning experiences

https://physiolearn.netlify.app/
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 • Three-Dimensional Anatomical Visualization: High-quality visual 
representations feature manipulable brain and spinal cord models 
incorporating authentic anatomical cross-sections

 • Guided Clinical Decision-Making: Educational simulations facilitate 
student navigation through therapeutic processes, encompassing 
fundamental movement assessment and strength evaluation techniques

 • Adaptive Difficulty Progression: Educational architecture builds 
foundational understanding through escalating clinical complexity 
and enhanced decision-making requirements

 • Cross-Curricular Resource Integration: A unified educational 
platform serves multiple academic courses throughout the program, 
minimizing reliance on course-specific textbooks

Website: https://clinicalpattern.com/physical-therapy/

https://clinicalpattern.com/physical-therapy/
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Chapter 6

Escape Rooms Design For Health Education 
Case Studies 

Ilknur Atasever1

Abstract

This chapter examines the innovative application of escape rooms as 
educational tools in the health sciences, exploring their theoretical foundations, 
practical implementations, and evidence-based outcomes. Escape rooms have 
emerged as powerful pedagogical instruments that combine experiential 
learning with game-based approaches to address the limitations of traditional 
health education methods.

The chapter analyzes four main types of educational escape rooms: physical, 
digital, hybrid, and virtual reality-based implementations. Drawing from 
constructivist and experiential learning theories, evidence from multiple health 
disciplines demonstrates significant benefits, including increases in student 
motivation, enhanced collaborative learning outcomes, and strengthened 
clinical decision-making skills across medical education, nursing, pharmacy, 
physiotherapy, and veterinary medicine.

Future directions highlight emerging research opportunities in the long-term 
effects of learning and technological innovations. The chapter concludes that 
escape rooms represent a valuable addition to health education pedagogy, 
requiring careful planning and alignment with clear learning objectives to 
achieve optimal educational outcomes.

Learning Objectives

After reading this chapter, you will be able to:

 • Define escape rooms and understand their key characteristics in 
educational contexts

1 Assistant Professor, Suleyman Demirel University, ilknuratasever@sdu.edu.tr,
 ORCID ID: 0000-0003-1596-9538
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 • Identify different types of escape rooms and their applications in 
health education

 • Analyze the theoretical foundations supporting escape rooms 
methodology

 • Evaluate case studies from various health disciplines

 • Apply design principles to create effective educational escape rooms

 • Assess the benefits and challenges of implementing escape rooms in 
health education

1.Introduction

In health education, alongside traditional instructional methods, 
experiential and game-based learning approaches are gaining increasing 
importance (Nowbuth & Parmar, 2024). Within this context, escape rooms 
applications emerge as practical educational tools.

Escape rooms are defined as immersive interactive learning environments 
where participants solve puzzles within a limited time to achieve specific 
objectives (Guckian, Eveson, & May 2020). This educational tool has been 
adopted across various disciplines within the health sciences to enhance 
student motivation, promote teamwork, and strengthen clinical decision-
making skills (López-Balboa et al., 2024).

This chapter comprehensively addresses the theoretical foundations, 
application areas, and practical examples of escape rooms design in health 
education. Additionally, the “GestDia” case study, a digital escape rooms 
focused on gestational diabetes, will be detailed to provide readers with a 
concrete implementation guide.

The chapter aims to bridge the gap between theory and practice by 
offering evidence-based insights into escape rooms methodology while 
providing actionable frameworks for educators seeking to implement these 
innovative learning tools in their curricula.

2. Escape Rooms: Definition and Key Characteristics

2.1. What Is an Escape Room?

Escape rooms are immersive educational environments where participants 
actively explore and solve puzzles within predetermined time frames to 
achieve specific learning objectives (Guckian, Eveson, & May 2020). 
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Although this concept initially emerged in the entertainment industry, its 
educational potential has led to widespread adoption in academic settings.

Educational escape rooms are experiential learning tools that encourage 
students to actively explore and apply knowledge rather than passively 
receive it (Zhang et al., 2018). This approach enhances motivation while 
simultaneously developing group collaboration, problem-solving, and 
decision-making skills.

2.2. Types of Escape Rooms

Educational escape rooms can be categorized into four main types based 
on their implementation methods, as summarized in Table 1.

Table 1. Types of Educational Escape Rooms: Characteristics, Advantages, and 
Disadvantages

Type Characteristics Advantages Disadvantages

Physical Escape 
Rooms

Designed in real-
world settings using 
tangible materials

Tactile experience, 
high interaction

High cost, limited 
participant capacity

Digital Escape 
Rooms

Conducted online 
using digital 
platforms

Low cost, wide 
accessibility

Technical issues, 
limited social 
interaction

Hybrid Escape 
Rooms

Combine physical 
and digital elements

Rich experience, 
flexible design

Complex 
organization

Virtual Reality 
(VR) Escape 
Rooms

Use advanced 
technology for 
simulation

Safe environment, 
high realism

Expensive 
equipment, 
technical expertise 
required

 • Physical Escape Rooms: Designed in a real-world setting using 
tangible materials. Participants solve puzzles by examining objects, 
opening locked boxes, and using various tools (Radianti et al., 2020).

 • Digital Escape Rooms: Conducted online using digital platforms. 
These became particularly popular during remote learning periods and 
allow access for large groups of participants (Radianti et al., 2020).

 • Hybrid Escape Rooms: Combine physical and digital elements to 
create richer learning experiences (Radianti et al., 2020).

 • Virtual Reality (VR) Escape Rooms: Use advanced technologies 
to simulate high-risk or costly environments, providing safe and 
immersive learning opportunities (Radianti et al., 2020).
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2.3. Features of Educational Escape Rooms

Key features of educational escape rooms include:

🎯 Goal-Oriented Design: Focused on specific learning objectives

⏰ Time Constraints: Tasks must be completed within set timeframes

👥 Collaborative Learning: Encourages teamwork and cooperation

🧩 Problem-Based Approach: Simulates real-life challenges

📊 Immediate Feedback: Provides real-time performance insights

🎮 Motivation Enhancement: Uses game mechanics to increase 
engagement 

3. A Brief History of Escape Rooms Games

The concept of escape rooms was inspired by digital escape games that 
originated in Japan in the early 2000s. The first physical escape room, 
named “Real Escape Game,” was created in 2007 by Takao Kato in Japan 
(Nicholson, 2015). 

Development Timeline:

 • 2007: First physical escape rooms (Japan)

 • 2010-2014: Expansion from Asia to Europe and the Americas

 • 2014: Over 1,000 escape rooms businesses worldwide

 • 2015-2019: Educational applications emergence

 • 2020: COVID-19 accelerated digital escape rooms popularity

The incorporation of escape rooms into education emerged in the mid-
2010s, particularly in higher education, as a method to enhance critical 
thinking, teamwork, and problem-solving skills (Lim, 2024; Eukel et al., 
2017). The COVID-19 pandemic further accelerated the popularity of 
digital escape rooms, establishing them as pedagogical tools in remote 
learning environments (Veldkamp et al., 2020).

4. Use of Escape Rooms in Health Education

4.1. Theoretical Foundations

Various learning theories support the use of escape rooms in health 
education. The constructivist theory emphasizes active knowledge 
construction as a more effective learning process (Reinkemeyer, Chrisman, & 
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Patel, 2022). Escape rooms offer an ideal environment for such exploration 
and experiential learning.

Experiential learning theory outlines learning as a cycle involving 
concrete experience, reflective observation, abstract conceptualization, and 
active experimentation (López-Villegas et al., 2022). Escape rooms offer 
comprehensive learning experiences that incorporate all four phases.

4.2. Pedagogical Advantages

The pedagogical benefits of escape rooms in health education include:

 • Active Learning: Students explore and apply knowledge actively 
(Eukel et al., 2017)

 • Increased Motivation: Game elements enhance learning enthusiasm 
(Nybo et al., 2020)

 • Teamwork: Fosters collaborative learning (Hintze, Samuel, & 
Braaten, 2023)

 • Real-World Relevance: Simulates clinical scenarios for practical 
application (Tassemeyer, Rowland, & Barnason, 2021)

 • Support for Multiple Learning Styles: Addresses visual, auditory, 
and kinesthetic learners (Lim, 2024)

4.3. Skill Development Areas

Escape rooms contribute to the development of various skills in health 
education:

 • Clinical Decision-Making (Molina-Torres et al., 2021)

 • Problem Solving (Sullivan et al., 2024)

 • Communication (Guckian, Eveson, & May, 2020)

 • Leadership (Nowbuth & Parmar, 2024)

 • Stress Management (MacKenzie, Parsons & Lee, 2024)

 • Critical Thinking (Clauson et al., 2019)

5. Escape Rooms Applications in Various Health Disciplines

5.1. Medical Education

Escape rooms in medical education are used to develop both technical 
and non-technical skills (Guckian, Eveson, & May 2020).
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Application Areas:

 • Team-building exercises

 • Engaging content delivery

 • Human factors training

 • Emergency medicine education

Case Example: A study conducted in two teaching hospitals in London 
found that escape rooms were effective in improving doctors’ communication, 
responsibility, and morale (Guckian, Eveson, & May 2020).

Emergency Medicine Applications: Escape rooms enhance critical 
thinking and decision-making under stress (Delport & Weber, 2021). 
Scenarios involving sepsis diagnosis and treatment require students to 
interpret vital signs, assess laboratory results, and formulate treatment plans 
(Zhang et al., 2018).

5.2. Nursing Education

Escape rooms help nursing students improve clinical decision-making 
skills before entering practice (Tassemeyer, Rowland, & Barnason, 2021).

Success Factors:

 • Simulation and game-based strategies

 • Increased student engagement

 • Improved skill acquisition

 • Integration of theoretical and technical knowledge

Emergency Care Training: Scenarios designed to teach emergency care 
skills offer hands-on experience in patient care, medication administration, 
and monitoring while fostering motivation and teamwork (Roman et al., 
2020).

5.3. Interprofessional Health Education

Given the multidisciplinary nature of healthcare, there is a strong need 
for escape rooms that simulate collaborative practice.

Example Implementation: Virtual interprofessional escape rooms 
involving nursing, pharmacy, and physiotherapy students focused on sepsis 
recognition and postoperative care after hip replacement.
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Learning Outcomes:

 • Enhanced communication among health professionals

 • Improved collaboration skills

 • Understanding of multidisciplinary team dynamics

 • Simulation of real-world clinical complexity

5.4. Veterinary Medicine Education

Escape rooms in veterinary education cover topics such as anatomy, 
physiology, and diagnostics, offering interactive learning experiences 
(Nowbuth & Parmar, 2024).

Educational Benefits:

 • Enhanced long-term knowledge retention

 • Improved understanding of complex concepts

 • Practice in clinical decision-making

 • Integration of diagnostic reasoning skills

5.5. Pharmacy Education

Escape rooms in pharmacy education teach drug interactions, dosage 
calculations, and patient counseling (Costello et al., 2024).

Evidence-Based Outcomes:

 • Diabetes-themed escape rooms significantly improved third-year 
students’ understanding of diabetes management (Eukel et al., 2017)

 • Students perceived escape rooms as beneficial for clinical knowledge 
and teamwork (Hintze, Samuel, & Braaten, 2023)

 • Cardiovascular disease topics enhanced learning experiences and 
prepared students for advanced practice (MacKenzie, Parsons & Lee, 
2024)

Large-Scale Applications: First-year pharmacy students benefit from 
orientation programs involving team-building, clue discovery, problem-
solving, and time management (Nybo et al., 2020).

5.6. Physiotherapy Education

Escape rooms in physiotherapy have been studied as alternatives to 
traditional assessment methods, showing lower anxiety and stress levels 
among students (Molina-Torres et al., 2021).
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Neuroscience-Themed Example: Students worked together under 
time pressure, developing soft skills such as communication, teamwork, and 
problem-solving (Lim, 2024).

Assessment Innovation: Qualitative studies have shown that game-
based approaches can reduce the negative emotions caused by traditional 
assessment methods, thereby enhancing motivation and academic 
performance (Sullivan et al., 2024).

6. Case Study: GestDia – A Digital Escape rooms on Gestational 
Diabetes

6.1. Objective and Target Audience

The digital escape rooms “GestDia,” developed by Atasever, Calik, 
and Tasci Duran (2022), focuses on patient management for gestational 
diabetes, aiming to enhance nursing students’ rapid assessment and clinical 
intervention skills.

Educational Objectives:

 • Interactive teaching of gestational diabetes management

 • Enhancing student motivation, satisfaction, and self-confidence

 • Providing practical experience in obstetric nursing topics

 • Developing clinical reasoning skills

6.2. Scenario Summary and Narrative Flow

Main Scenario: During a hospital fire, a patient with gestational diabetes 
becomes trapped. Students must perform appropriate nursing interventions 
while solving four puzzles to evacuate the patient safely.

🔥 Initial Situation: Hospital fire alarm

🤰 Main Character: Patient with gestational diabetes

🎯 Mission: Solve four puzzles for safe evacuation

⏱ Time Limit: Predetermined timeframe

🏥 Environment: Digital hospital simulation

Narrative Elements:

 • Emergency situation creating urgency

 • Patient safety as primary concern
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 • Multiple challenge levels

 • Realistic clinical scenarios

 • Progressive difficulty increase

6.3. Room Design and Digital Setup

GestDia was developed using the Genially platform. All content is digital, 
enriched with interactive elements:

Digital Components:

 • Patient files and medical records

 • Laboratory results and diagnostic data

 • Medical images and visual aids

 • Countdown timers and progress indicators

 • Interactive control panels and decision points

Fig 1. Information Screen
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Figure 2. Patient Room Screen

Figure 3. Question Screen

6.4. Materials and Clues Used

Clue Categories:

 • Patient records and history 

 • Vital signs and observation data 

 • Insulin administration protocols 

 • Treatment plan schemas 

 • Emergency procedure guidelines
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Assessment Methods:

 • Multiple-choice questions

 • Scenario-based problems

 • Explanatory feedback for incorrect answers

 • Immediate performance evaluation

 • Progress tracking systems

6.5. Definition of Participant Roles

Students participated individually in the role of a nurse. When they 
encountered difficulties, they were able to receive unlimited hints from the 
game facilitator.

Role Definitions:

 • Primary Role: Responsible nurse

 • Support System: Game facilitator

 • Feedback Mechanism: Automated system + mentor support

 • Learning Path: Self-paced with guided assistance

6.6. Implementation Process (Introduction - Game - Conclusion)

Students’ learning experience and feedback were systematically collected 
through structured evaluation methods, as outlined in Table 3.

Table 2. GestDia Implementation Process: Phases, Duration, and Methods

Phase Duration Activity Method

Introduction 30 minutes Game rules and objective 
explanation

Face-to-face 
session

Implementation 1 week Individual game experience Online platform

Evaluation 20 minutes Feedback questionnaire 
completion

Digital survey

Pre-Implementation Preparation:

 • Technical platform testing 

 • Instructor training sessions 

 • Student orientation materials 

 • Technical support setup
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6.7. Evaluation and Feedback Process

Student motivation, satisfaction, and learning self-confidence were 
measured using validated instruments:

Assessment Instruments:

 • IMMS (Instructional Materials Motivation Survey): Teaching 
material motivation

 • SSSCLS (Student Satisfaction and Self-Confidence in Learning 
Scale): Learning satisfaction and confidence

Data Collection Methods:

 • Pre-post questionnaires

 • Performance analytics

 • Qualitative feedback sessions

 • Time-to-completion metrics

6.8. Challenges Encountered and Proposed Solutions

Challenge Description Solution Strategy

Technical Adaptation Students unfamiliar with 
digital platform

Pre-training and technical 
support provision

Time Management Time constraints stressful 
for some participants

Flexible approach 
with learning-focused 
methodology

Knowledge Level 
Variations

Different baseline 
knowledge among 
participants

Adaptive content 
development needed

Technical Issues Platform connectivity 
problems

Backup systems and offline 
alternatives

6.9. Case Evaluation and Learning Outcomes

Analysis of Participant Feedback

Survey data indicated that students evaluated the GestDia application 
positively. Described as engaging, attention-grabbing, and educational, the 
application captured students’ interest and increased their participation in 
the learning process.
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Observation of Educational Gains

Students demonstrated high levels of motivation, satisfaction, and self-
confidence. Notably, significant improvements were observed in attention 
and confidence dimensions. Participants reported that the game provided 
opportunities to apply their knowledge in practice.

Sustainability of the Application

Its accessibility via digital platforms, repeatability, and support for self-
directed learning offer significant advantages. These features enable the 
application to adapt to various subjects and student groups.

7. Conclusion and Recommendations

Escape rooms designs have been shown to promote active learning 
among participants, contributing to the retention of knowledge and raising 
awareness on health-related topics. The implemented case studies enhanced 
students’ problem-solving skills while simultaneously strengthening 
teamwork and communication abilities.

In conclusion, the escape rooms approach in health education is more 
effective and motivating compared to traditional teaching methods. 
However, for this method to succeed, a careful design process is essential, 
including the selection of content appropriate for the target audience and 
the development of scenarios aligned with educational objectives.

As recommendations, it is important to expand the use of escape 
rooms applications in health education and to develop variations suitable 
for different age groups and educational levels. Furthermore, integrating 
technological advancements to create digital or hybrid escape rooms 
experiences can enrich learning processes. Future research should focus on 
examining the long-term effects of the escape rooms method on learning 
outcomes and exploring its applications across various health disciplines 
more comprehensively.
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Chapter 7

Artificial Intelligence-Driven Design of Serious 
Games 

Afra Çalık1

Abstract

Artificial intelligence (AI) is rapidly reshaping the design, functionality, and 
pedagogical potential of serious games in healthcare education. This chapter 
explores how AI technologies—particularly machine learning, natural 
language processing, and reinforcement learning—enable personalized 
learning experiences, adaptive scenario generation, and dynamic non-player 
character (NPC) behaviors within clinically relevant training environments. 
It further analyzes how AI-supported systems can foster the development of 
not only technical competencies but also critical soft skills such as empathy, 
ethical reasoning, and interprofessional communication. Drawing on 
cognitive apprenticeship, situated learning, and critical pedagogy, the chapter 
presents a multidimensional framework that integrates AI capabilities with 
established educational theories. Through case-based examples and theoretical 
mapping, it critically evaluates the opportunities and limitations of AI-
enhanced serious games, emphasizing the need for ethical, learner-centered, 
and culturally sensitive design practices. The chapter concludes by outlining 
a future-oriented, AI-driven design pipeline that positions AI not merely as a 
technical engine, but as a pedagogical partner in healthcare training.

The Role of AI in Healthcare Serious Games

Artificial Intelligence (AI), as an interdisciplinary field that aims to 
develop systems capable of mimicking human cognitive processes, plays an 
increasingly prominent role in digital solutions for healthcare education. 
Unlike traditional instructional methods, AI establishes the foundation for 
systems that can adapt to individual learner needs, provide real-time feedback, 
and personalize learning processes according to specific requirements and 
competencies.
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However, the educational applications of these technologies extend 
beyond mere technical achievement. The ethical dimensions of player 
modeling and monitoring systems warrant careful consideration, particularly 
within healthcare contexts where professional competency and patient 
safety are paramount. The continuous and automated recording of student 
behaviors presents significant risks concerning privacy, intrinsic motivation, 
and pedagogical flexibility. The pedagogical design of AI-based systems 
assumes critical importance in this context; failure to establish learner-
centered, transparent, and ethically aligned systems may result in technology 
causing more harm than benefit.

The integration of AI in healthcare serious games presents unique 
opportunities for addressing complex educational challenges inherent in 
medical and healthcare training. These systems can simulate realistic clinical 
scenarios, provide adaptive difficulty progression, and offer personalized 
learning pathways that accommodate diverse learning styles and professional 
development needs. Furthermore, AI-enhanced serious games can facilitate 
the assessment of both technical competencies and soft skills critical to 
healthcare practice, such as clinical reasoning, decision-making under 
pressure, and interprofessional communication.

Nevertheless, the implementation of AI in healthcare education requires 
careful attention to pedagogical soundness and ethical considerations. 
Issues of algorithmic bias, data privacy, transparency in decision-making 
processes, and the potential for over-reliance on automated systems must 
be systematically addressed. The design of such systems necessitates close 
collaboration among educational technologists, healthcare professionals, and 
ethicists to ensure that technological advancements serve genuine educational 
objectives rather than merely demonstrating technical capabilities.

This chapter examines the positioning of artificial intelligence systems 
within serious games for healthcare education, analyzing exemplary 
applications developed in subdomains such as machine learning, natural 
language processing, and player modeling through comprehensive case 
studies. The objective is to provide readers with a multidimensional 
perspective that encompasses both the potential and limitations of AI-based 
game design, thereby contributing to informed decision-making in the 
development and implementation of such educational technologies.

1. Theoretical Foundations of AI in Serious Games

AI-enhanced serious games in healthcare education serve as practical 
tools for teaching complex decision-making processes, simulating clinical 
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scenarios, and modeling ethical dilemmas. Through AI algorithms, in-
game characters become dynamic entities capable of responding to player 
behaviors, learning from interactions, and simulating realistic decision-
making processes. This dynamic structure enables students to develop not 
only theoretical knowledge but also critical thinking, problem-solving, and 
communication skills essential in healthcare practice. Rather than following 
fixed scenarios, these games offer adaptive learning experiences that respond 
to individual learning styles and performance patterns.

1.1 Core AI Technologies in Healthcare Serious Games

Machine Learning (ML) represents one of the most frequently utilized 
AI components in healthcare-focused serious games. ML algorithms analyze 
behavioral data collected during gameplay to generate insights about student 
performance profiles. These profiles enable automatic restructuring of game 
content, including personalized difficulty levels, task sequences, and guided 
hints. Automated assessment systems leverage ML capabilities to analyze not 
only outcomes but also learning processes, providing a holistic evaluation 
that is particularly valuable in intensive practical training, such as nursing or 
emergency response education (Frutos-Pascual and Zapirain, 2015).

Natural Language Processing (NLP) techniques play a crucial role 
in healthcare education games, particularly in interactions with virtual 
patients. NLP enables the analysis and interpretation of students’ written 
or verbal expressions, facilitating the provision of feedback, the evaluation 
of communication style, and the development of emotional competencies 
such as empathy. However, ethical and privacy considerations must be 
carefully addressed in implementing these technologies, as misinterpretation 
of learner expressions or presentation of artificial assessments as absolute 
truth can lead to pedagogical problems (Picca et al., 2015).

Intelligent Character Systems powered by AI create more convincing 
and interactive scenarios by managing in-game character behaviors. 
These characters enable healthcare professional candidates to prepare for 
emotional responses, cultural differences, and uncertainty situations they 
may encounter in real practice (Westera et al., 2020). For instance, a virtual 
patient character with emotional expressions can exhibit anxious, distrustful, 
or cooperative behaviors based on the player’s approach, contributing not 
only to knowledge assessment but also to the development of professional 
attitude and behavior.
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1.2 Adaptive Learning Systems: Three Theoretical Approaches

This section examines the theoretical foundations of AI-supported 
adaptive systems in healthcare education serious games through three 
fundamental approaches:

1.2.1 Rule-Based Adaptation Systems

Rule-based systems operate through “if-then” logic, responding to 
student in-game performance according to predefined scenarios (Westera et 
al., 2020). This approach, frequently used in healthcare education, proves 
particularly effective for basic skill training, monitoring procedure steps, and 
tasks conducted through fixed protocols.

However, these systems fall short in evaluating students’ strategic 
decision-making or ethical reasoning. With limited cognitive flexibility, 
learning typically progresses through predetermined paths and remains 
insensitive to behavioral diversity.

As a representative example, the chapter includes Campus Atlantis—a serious 
game conceived and implemented by the author within the scope of a practice-based 
research project exploring the integration of AI in clinical training simulations. 
The game integrates AI-driven patient interactions and reflective feedback loops 
to support nursing students’ clinical reasoning and communication skills. This 
case highlights how AI can not only enhance game mechanics but also facilitate 
professional identity formation and emotional engagement.

Campus Atlantis Example: In early versions of Campus Atlantis, rule-
based structures provided effective frameworks for teaching fundamental 
nursing practices. When students succeeded in tasks such as intravenous 
fluid administration, positioning, or vital sign monitoring, the system 
applied rules like “if success rate exceeds 80% → increase difficulty level in 
next task.” This structure created repetition-based learning cycles, enabling 
students to master specific skills, although it could not directly analyze 
decision processes, intervention hesitation, or ethical concerns.

1.2.2 Machine Learning and Reinforcement Learning Systems

ML provides an approach that enables the analysis of student data to 
construct personalized learning pathways. Player models created from 
multiple parameters including response time, success rate, and interaction 
frequency enable dynamic task adaptation, transforming learning experiences 
into time-distributed, variable, and meaningful processes.
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However, ML systems often exhibit “black box” characteristics where 
pedagogical justification for system decisions remains unclear. Additionally, 
the insufficient incorporation of abstract pedagogical dimensions, such as 
ethical reflection, reasoning quality, and emotional sensitivity, limits this 
approach.

Campus Atlantis Example: Advanced versions incorporated machine 
learning algorithms to analyze student behaviors during gameplay, creating 
personalized “learning profiles.” For students who typically made delayed 
decisions, skipped critical steps, and frequently accessed consultation screens, 
the system recognized these patterns and provided additional guidance in 
subsequent tasks while adaptively adjusting evaluation criteria.

1.2.3 Evolutionary Game Theory (EGT) Based Systems

Evolutionary Game Theory extends beyond classical game theory’s 
assumption of rational decision-makers to model how decision strategies 
evolve through interaction. In healthcare education contexts, analyzing 
students’ clinical behaviors—such as intervention, consultation, or 
withdrawal—as strategic choices and habits rather than merely outcome-
based actions holds significant importance.

EGT models, such as Hawk-Dove, Iterated Prisoner’s Dilemma, or War 
of Attrition, enable an understanding of how student decision strategies 
develop in specific pedagogical contexts and how tasks can be designed 
to address these strategies. This approach positions learning as a social, 
strategic, and behavioral evolutionary process rather than purely individual 
development (Doreswamy and Horstmanshof, 2025).

Theoretical Application Example: Consider a healthcare education 
game where students’ intervention styles in clinical scenarios are modeled 
as long-term behavioral strategies. Students who consistently make 
immediate, independent decisions without seeking consultation could be 
classified as exhibiting “hawk” strategies. In contrast, those who frequently 
delay decisions by requesting additional guidance or team consultation 
demonstrate “dove” strategies.

The AI system would observe these strategic patterns across multiple 
tasks to identify each student’s risk-taking tendencies and collaboration 
preferences. Based on this analysis, the system could then provide targeted 
scenarios designed to encourage strategic adaptation—for instance, 
presenting “hawk” strategists with complex cases that require team 
consultation or challenging “dove” strategists with time-critical scenarios 
that require rapid independent decision-making. This approach transforms 
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behavioral tendencies into learning opportunities by strategically designing 
counter-scenarios that promote balanced clinical decision-making skills.

1.3. Comparative Analysis and Integration

Each theoretical approach offers distinct advantages and limitations in 
the context of AI-enhanced healthcare education games. Table 2.1 provides 
a comprehensive comparison of the three primary adaptive learning 
approaches discussed in this chapter.

Table 1.3. Comparative Analysis of AI-Based Adaptive Learning Approaches in 
Healthcare Education

Approach Strengths Limitations

Rule-Based Simple, reliable, predictable Static, insensitive to 
behavioral

Machine Learning
Personalization, predictive 
capability

Lack of transparency, 
limited handling of abstract 
reasoning

EGT
Strategy development, social 
behavior analysis

Complex, requires multiple 
data sources and contextual 
knowledge

As demonstrated in Table 1.3., integrating AI into healthcare education 
games requires alignment not only with technical accuracy but also with the 
strategic nature of learning processes. EGT particularly supports positioning 
AI as a meaning-centered rather than purely data-driven learning partner, 
especially when learning objectives involve ethics, communication, and 
reflection.

While these three approaches offer different strategies for integrating 
AI into learning processes, hybrid systems that combine these structures 
often prove more effective in real-world educational scenarios. The critical 
question of how pedagogical theories can be effectively integrated with AI 
techniques to create comprehensive learning environments is raised.

1.4. AI in Education: Pedagogical Integration

Serious games possess robust pedagogical foundations for enhancing 
learning motivation, contextualizing knowledge, and developing skills within 
safe environments. However, in fields such as healthcare education—where 
ethical, communicative, and reflective dimensions are paramount—realizing 
this potential requires learning designs that deepen the pedagogical value of 
gaming experiences. Artificial Intelligence (AI) must be conceptualized not 
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merely as a scenario control mechanism or performance measurement tool 
but as a structure that guides, contextualizes, and transforms teaching itself.

The integration of AI into healthcare education games demands careful 
consideration of established pedagogical theories and their practical 
implementation. This chapter explores how AI can enhance learning 
through four key pedagogical frameworks, illustrating how technology can 
serve more profound educational purposes beyond mere content delivery.

1.4.1. Cognitive Apprenticeship and AI Integration

Cognitive apprenticeship theory in healthcare education aims to model 
expert decision-making processes, enabling students to participate in complex 
reasoning patterns (Collins, Brown & Newman, 1989). AI-supported games 
can facilitate student engagement with sophisticated thinking processes 
through expert-like advisor characters (AI nurses, AI physicians). However, 
this requires more than just content presentation—it demands explanatory 
and reflective feedback that addresses student interventions.

When AI poses questions such as “How did you evaluate patient privacy 
when making this decision?” during reflective moments, it activates the 
cognitive apprenticeship process. The AI system functions as a master 
practitioner, making tacit knowledge explicit through strategic questioning 
and guided reflection. This approach transforms AI from a passive information 
provider into an active participant in the knowledge construction process.

Implementation Strategy: AI systems should be designed to recognize 
decision-making patterns and provide scaffolded support that gradually 
transfers cognitive responsibility to the learner. The system can model 
expert thinking through think-aloud protocols, demonstrate problem-
solving strategies, and guide students through increasingly complex clinical 
reasoning processes.

1.4.2. Situated Learning and Authentic Clinical Context

Lave and Wenger’s (1991) situated learning approach argues that 
learning cannot be separated from social context. In healthcare education, 
this means learning not only skills but also professional identity. AI can 
contribute to identity formation by positioning in-game characters as social 
agents within authentic practice communities.

Reinforcement learning-based AI systems can track player behavioral 
patterns and provide contextually meaningful feedback within social 
frameworks, such as: “What implications did this decision have for team 
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dynamics?” Such inquiries support the development of a professional attitude 
by embedding learning within realistic social and professional contexts.

Key Considerations: AI characters must demonstrate authentic 
professional relationships, cultural competence, and situational awareness. 
The system should recognize that healthcare practice is inherently social 
and collaborative, requiring AI to model appropriate interprofessional 
communication and shared decision-making processes.

1.4.3. Learning Analytics and Decision-Based Feedback

AI-enhanced games can collect micro-level interaction data (click 
sequences, decision times, repeated errors) and transform this information 
into meaningful insights through learning analytics. However, this data 
must not remain at the system level—it should be presented in ways that 
help students recognize their learning patterns and metacognitive processes.

Post-game visual feedback reports can demonstrate students’ willingness 
to seek advice, highlight areas of uncertainty, and reveal the ethical principles 
they employ in their reflective explanations—enabling students to visualize 
learning models and initiate internalization processes (Zimmerman, 2002). 
The goal is to develop self-regulated learners who can monitor and adjust 
their learning strategies.

Feedback Design Principles:

Transparency: Students should understand how their data is collected 
and analyzed

Actionability: Feedback should provide specific guidance for 
improvement

Reflection: Analytics should prompt metacognitive awareness rather 
than simple performance metrics

Growth Orientation: Focus on learning progress rather than 
comparative performance

1.4.4. Critical Pedagogy and AI: Beyond What to Why

Freire’s critical pedagogy emphasizes that learners should be active 
questioners rather than passive recipients of information. AI-based games 
should support this philosophy by enhancing students’ questioning capacity 
rather than merely measuring correct-incorrect decisions.

Virtual patient characters can encourage students to engage in deeper 
reflection by responding to their decisions with questions such as “Does 
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this intervention truly demonstrate that you prioritize my needs?” Such 
interactions position AI not merely as a tool but as a dialogical partner that 
triggers ethical awareness and critical thinking.

Critical Engagement Strategies:

 • Problematizing Practice: AI should present scenarios that challenge 
assumptions and conventional approaches

 • Encouraging Inquiry: Systems should reward questioning and 
exploration rather than compliance

 • Social Justice Orientation: AI characters should embody diverse 
perspectives and highlight issues of equity and access

 • Transformative Learning: Focus on changing perspectives and 
professional identity, not just skill acquisition

The integration of these pedagogical frameworks suggests that effective 
AI in healthcare education serious games require:

 • Adaptive Mentoring: AI systems that can adjust their pedagogical 
approach based on individual learning needs and professional 
development stages

 • Social Authenticity: Virtual characters and environments that 
accurately reflect the complexity of healthcare practice communities

 • Metacognitive Support: Tools and feedback mechanisms that 
promote self-awareness and reflective practice

 • Critical Engagement: Design elements that encourage questioning, 
problem-posing, and transformative learning experiences

This pedagogical integration demands that AI development teams 
include educational theorists, practicing healthcare professionals, and 
ethicists alongside technical specialists. Only through such interdisciplinary 
collaboration can AI-enhanced serious games achieve their potential to 
transform healthcare education while maintaining pedagogical integrity and 
professional relevance.

1.5. AI-Driven Game Design Pipeline

Artificial intelligence not only personalizes gaming experiences but 
fundamentally transforms the design process itself. The AI-driven game 
design pipeline represents a holistic approach to integrating AI across 
all stages of game development - from scenario generation and character 
behavior modeling to visual content creation and environmental design. 
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This framework particularly accelerates production processes while 
pedagogically deepening knowledge-intensive and context-sensitive fields, 
such as healthcare education.

1.5.1. Procedural Content Generation (PCG)

Traditional game design processes rely on manual scenario creation by 
experts, which is both time-consuming and prone to repetitive content. 
Procedural Content Generation (PCG) enables algorithms to generate game 
content based on predetermined rules or learned patterns (Shaker et al., 
2016). When combined with AI, PCG has the potential to generate not 
only game environments but also complex and contextual content such as 
patient profiles, ethical dilemmas, treatment process variations, and scenario 
branches responsive to student decisions.

PCG gained attention, particularly through rogue-like games, and has 
now become widespread in open-world, quest-based, and narrative-focused 
games. In serious games, this method provides significant advantages in 
healthcare education by enabling the generation of numerous specialized 
scenarios with limited resources. For example, a unique patient case can 
be created based on the student’s previous choices or performance level. 
This type of dynamic content generation enhances learning motivation and 
reduces cognitive fatigue associated with repetitive scenarios.

AI-supported PCG differs from random generation by analyzing player 
behaviors to personalize content. As demonstrated in the serious game 
“Wake Up for the Future,” PCG supported by genetic algorithms (GA) 
shapes scenarios according to the player’s previous interactions. NPCs 
(patient characters), student cards, and responses to arguments change 
based on each player’s reactions, enabling automatic difficulty adjustment 
(DDA) according to the student’s learning pace.

For instance, if a physiotherapy student frequently makes errors in 
specific movement assessment techniques during previous gait analysis cases, 
the system can present more variant scenarios to reinforce that topic. This 
content cycle creates a structure that pedagogically supports reinforcement 
while providing controlled cognitive challenges.

This methodology also enables objective measurement of content quality 
in games developed for healthcare education. For example, scenario models 
developed in “Clinical Simulation for Nursing Students” can be tested to 
generate more diverse content variations against critical errors made by 
students.
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Another AI-supported potential of PCG is cultural adaptation capability. 
NLP-based models can transform specific patient profiles appropriately for 
different social contexts. For example, the same clinical scenario can be 
expressed with different languages, behaviors, and communication styles 
between a patient in Turkey and one in Germany. This presents a critical 
advantage for serious games with global usability.

AI-supported Procedural Scenario Generation has the potential 
to reshape not only the gaming world but also the healthcare education 
field through serious games. This method, notable for both its time- and 
cost-effectiveness and pedagogical adaptability, will form the foundation 
of student-centered, automatically personalized simulations in the future. 
Correctly modeled PCG systems are becoming powerful tools for preparing 
healthcare professional candidates for more effective, ethical, and versatile 
decision-making processes.

1.5.2. Branching Narrative Design

AI not only multiplies branching narrative designs but also dynamically 
personalizes, directs according to learning behavior, and restructures based 
on pedagogical goals. This particularly deepens students’ learning processes 
in healthcare education-specific dimensions such as decision-making, ethical 
dilemmas, patient communication, and clinical reasoning.

1.5.3. LLM-Based Narrative Creation

Large Language Models (LLMs) can create patient characters and 
dialogue structures that generate real-time responses to player inputs rather 
than relying on traditional choice trees. These systems create narrative 
branches with semantic consistency and novelty based on student input 
rather than predefined scenario branches. 

Theoretical Application Example: Imagine a pediatric dental simulation 
where the LLM-powered patient (an 8-year-old virtual child) responds to 
different communication approaches during a cavity treatment consultation. 
When a dental student uses technical jargon, the AI child responds with 
anxiety and resistance: ‘What does ‘dental caries’ mean? Will the drill hurt?’ 
However, when the student explains using child-friendly language, such as 
‘We need to clean the sugar bugs from your tooth,’ the AI child becomes 
more cooperative and asks follow-up questions about the ‘tooth cleaning 
adventure.’ The system tracks these interactions and branches into different 
emotional trajectories; fearful children become more withdrawn and difficult 
to treat, while reassured children become more compliant and trusting.
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For example, when a nutrition student prioritizes a non-critical dietary 
intervention in a community health screening situation, the system can 
analyze this choice and respond with a dialogue chain containing ethical 
consequences: “Did you consider how this choice affects other patients’ 
right to care?”

1.5.4. Student Data-Based Narrative Adaptation

AI can dynamically determine when which narrative branches are 
triggered by analyzing the player’s past choices, interaction duration, 
decision-making speeds, and error types. This creates a student-specific 
“narrative flow” beyond fixed branches. 

Theoretical Application Example: Consider a cross-cultural nutrition 
counseling simulator where AI analyzes a student’s dietary recommendation 
patterns and cultural food assumptions. A nutrition student counseling a 
virtual elderly Middle Eastern patient might initially suggest Western dietary 
modifications without considering traditional food practices. The AI detects 
this approach and dynamically adjusts the patient’s responses to reflect 
cultural food preferences - the virtual patient becomes resistant to suggestions 
that conflict with religious dietary laws or traditional family meal structures. 
The AI detects this approach and dynamically adjusts the patient’s responses 
to reflect cultural expectations; the virtual patient becomes more reserved 
and less forthcoming about their symptoms. However, when the student 
adapts by incorporating more relationship-building conversation and family 
involvement, the AI patient becomes more open and cooperative, revealing 
crucial diagnostic information that was previously withheld.

If a physiotherapy student frequently rushes through pain assessment 
procedures in previous cases. In that case, the system can create a learning 
path targeting social skills by engaging users with patient characters that 
contain more intense emotional responses.

1.5.5. Cultural and Linguistic Adaptation

AI-supported branched narratives enable localization by creating culture-
specific patient profiles. Natural Language Processing (NLP) models can 
extract cultural markers from student expressions and shape patient responses 
accordingly. This structure presents a valuable opportunity for developing 
cross-cultural communication skills in healthcare education through gaming.
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1.5.6. Real-Time Narrative Feedback

Branched narrative systems integrated with AI can analyze the pedagogical 
effects of student choices in real time and reshape the scenario flow. When 
this system detects that a particular narrative branch does not align with 
the learning objectives, it can suggest an alternative branch, directing the 
student toward more effective feedback. Thus, the narrative functionally 
addresses not only “what happened?” but also “why did it happen and what 
could have happened?” within the game.

1.6. AI-Driven Character and NPC Design

Serious games, especially in areas that require high interaction 
and decision-making, such as healthcare education, provide learning 
environments that develop not only cognitive but also emotional and social 
skills. In this context, in-game characters transcend being mere narrative 
supporters to become structures that guide, respond to, teach, and evolve 
in conjunction with the player’s learning process. AI-designed NPCs (Non-
Playable Characters) are at the center of this transformation.

Theoretical Application Example: Imagine “Dr. Elena Vasquez,” an 
AI-powered virtual attending physician in a medical residency simulation. 
Unlike traditional NPCs with scripted responses, Dr. Vasquez observes the 
resident student’s decision-making patterns over multiple shifts. When the 
student consistently orders excessive diagnostic tests, Dr. Vasquez does not 
simply say, “You are ordering too many tests.” Instead, she creates a teaching 
moment: “I notice you ordered a CT scan for this patient. Walk me through 
your reasoning.” Based on the student’s response patterns and confidence 
levels, she might share a personal anecdote about her own residency 
mistakes, demonstrate cost-effective diagnostic strategies, or challenge the 
student with a similar case where minimal testing led to better outcomes. 
Dr. Vasquez’s personality evolves as well—she becomes more nurturing 
toward hesitant students and more challenging toward overconfident ones, 
creating a dynamic mentorship relationship that traditional educational 
tools cannot provide.

While NPCs were traditionally structured as simple characters exhibiting 
pre-programmed behaviors, the integration of AI technologies into 
game design has redefined them as “intelligent characters” that can learn 
from player actions, provide emotional responses, and offer personalized 
experiences.
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1.6.1 Conversational and Thinking Characters: LLM and NLP-
Based Dialogue Systems

Through Large Language Models (LLMs) and Natural Language 
Processing (NLP) techniques, NPCs not only present text or choices but can 
also generate context-sensitive, semantically coherent, real-time responses. 
In healthcare games, this is particularly important in scenarios modeling 
patient-healthcare professional relationships. The NPC patient can exhibit 
social responses, such as “fear,” “persuasion,” or “rejection,” based on the 
information provided by the student. In this context, the game transforms 
into a communication-based learning arena rather than a fixed information 
transfer.

Theoretical Application Example: Consider “Marcus,” an AI-powered 
teenage patient in a mental health simulation who presents with depression 
symptoms. Traditional NPCs might rotate through pre-written responses 
about sadness and isolation. However, Marcus uses advanced NLP to 
understand the subtle differences in how students approach him. When a 
psychiatry student asks, “How are you feeling today?” Marcus does not just 
respond with “bad” or “sad.” He might say, “I do not know... like I am 
watching my life through a window, you know? Like I am not here.” If the 
student responds with clinical language (“Can you rate your mood on a scale 
of 1-10?”), Marcus might withdraw, saying, “Never mind, you would not 
get it.” However, if the student uses validation (“That sounds isolating”), 
Marcus opens up more, perhaps sharing that he feels like “a ghost in his own 
life.” The AI system learns that this particular student requires practice with 
adolescent communication styles and adjusts Marcus’s responses to provide 
more teaching opportunities about developmentally appropriate therapeutic 
communication.

1.6.2. Emotional Modeling and Empathic Response Systems

NPCs carrying not only cognitive but also emotional intelligence are 
critically important for healthcare education. AI can shape NPC emotional 
responses by analyzing player behaviors, facial expressions, voice tone, or 
word choices through emotion analysis. For example, an NPC instructor 
character providing reflective feedback can initiate questioning not only at 
the informational level but also at the ethical and empathetic levels by asking 
students, “How did you evaluate the patient’s emotions when making this 
decision?” This structure has high impact potential, especially in psychosocial 
skills and patient communication education.
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Theoretical Application Example: Meet “Isabella,” an AI-powered 
patient experiencing chronic pain in a physical therapy simulation. 
Isabella’s emotional model includes pain level, frustration tolerance, trust in 
healthcare providers, and daily mood fluctuations. When a physical therapy 
student approaches Isabella with enthusiasm, saying, “Today we are going 
to work hard on your exercises!” Isabella’s AI system analyzes her current 
emotional state (high pain day, low energy) and responds authentically: “I 
can barely get out of bed today, and you want me to work hard?” Her facial 
expression shows winces of pain, and her voice carries exhaustion. If the 
student responds with empathy (“I can see you are hurting today. What 
would feel manageable?”), Isabella’s trust level increases, and she becomes 
more cooperative. However, if the student pushes forward with the original 
plan, Isabella becomes defensive, teaching the student about the importance 
of emotional attunement in therapeutic relationships. Over time, Isabella 
remembers students who consistently show empathy and become more 
willing to challenge themselves with those providers, creating a realistic 
therapeutic alliance that mirrors real patient relationships.

1.6.3. Reinforcement Learning-Adapted Character Intelligence

NPCs learning from in-game experiences beyond classic scenarios 
transform them into replayable, unique, and learning entities. NPCs powered 
by Reinforcement Learning (RL) algorithms change their strategies by 
analyzing player’s previous actions. Such structures are ideal, especially 
for simulating complex clinical decisions (Szita, 2012). For example, in a 
scenario where the wrong treatment was applied, the NPC can generate 
both physiological and social responses, confronting the student with the 
consequences of their decisions.

1.6.4. Personality Modeling and Role-Based Character Design

In NPC interaction with players, not only information but also relationship 
level and role perception are determinative. AI can equip characters with 
personality models by defining variables like trust level, patience level, and 
anger threshold. In healthcare education, this means simulating different 
patient profiles (e.g., anxious, authoritative, withdrawn). This structure 
requires players not only to choose the correct treatment but also to adjust 
their communication style according to the patient’s psychology.
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1.6.5. Visual and Audio Intelligence: Facial Expression Generation 
and Voice Responses

Generative AI systems (such as GANs or diffusion-based models) can be 
used to generate NPCs’ facial expressions, voice tones, or body language. 
These characters provide feedback to students not only through speech 
but also through facial expressions, posture, and emotional intonations. In 
healthcare education, this feature offers a powerful opportunity, especially 
for developing non-verbal communication skills.

Theoretical Application Example: Consider “Robert,” an elderly 
patient with dementia in a nursing simulation who cannot clearly express 
his needs verbally. Robert’s AI system generates subtle facial expressions 
and body language cues that nursing students must learn to interpret. 
When Robert is in pain, his AI-generated facial expressions reveal micro-
expressions of wincing, his posture becomes guarded, and his voice adopts 
a distinct tone of distress that may sound like confusion to untrained ears. 
If a nursing student learns to recognize these non-verbal cues and responds 
appropriately (“Robert, I notice you seem uncomfortable. Can you show me 
where it hurts?”), Robert’s facial expression softens, demonstrating relief at 
being understood. Students who miss these cues and continue with routine 
care see Robert become increasingly agitated, his AI-generated behaviors 
escalating to mirror real dementia-related behavioral responses. This teaches 
students that communication in dementia care extends far beyond words, 
requiring keen observation and empathetic interpretation of non-verbal 
communication patterns.

1.6.6. Character Response Mapping

The Character Response Map visualizes how AI-supported NPCs respond 
to player (student) behaviors and how these responses are distributed 
across technical subsystems. This model is exceptionally functional in areas 
like healthcare education, where decision-making, empathy-building, and 
communication skills are developed in an integrated manner.

Theoretical Application Example: Imagine a triage simulation where 
nursing student Jake encounters “Mrs. Chen,” an AI-powered patient 
presenting with chest pain. Jake’s initial assessment approach (rushed vs. 
thorough) triggers Mrs. Chen’s Character Response Map. If Jake appears 
hurried and dismissive, Mrs. Chen’s emotional AI generates anxiety 
responses—her blood pressure increases, she becomes less forthcoming 
about symptoms, and her facial expressions show distrust. The Dynamic 
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Character Response System then generates dialogue like, “Are you sure you 
have time for me? You seem very busy.”

Meanwhile, the AI-powered virtual Patient module adjusts her 
physiological responses, making her chest pain symptoms more difficult to 
assess due to stress-induced changes. However, if Jake demonstrates calm 
professionalism, Mrs. Chen’s response map activates different pathways—
she provides more explicit symptom descriptions, her vital signs stabilize, 
and she asks thoughtful questions about her care. This integrated response 
system teaches students that their approach to patients affects not only 
emotional comfort but also actual clinical assessment accuracy and patient 
outcomes.

Figure 1. Character Response Map

The Figure 1. Character Response Map’s starting point is the player’s 
(student’s) in-game action, which could be a clinical decision (such as a 
treatment application or triage decision), a communication style (sensitive 
or assertive speech), or timing (delayed intervention). An AI-based NPC 
analyzes this action, and the system generates responses at three primary 
levels:

Response Types:

A. Emotional AI Characters; This module generates emotional 
responses to player behaviors, including:
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 • Facial Expression Generation: AI systems adapt NPC facial 
expressions according to player behavior (e.g., patient NPC appears 
sad when interventions are neglected)

 • Empathy Display: NLP and sentiment analysis systems ensure 
empathetic language use in NPC verbal responses

B. Dynamic Character Response Systems; This module handles 
contextual real-time conversation generation by NPCs:

 • Real-Time Dialogue: LLMs (GPT-4, InworldAI, Convair) enable 
NPCs to generate new, meaningful, and task-appropriate dialogues 
based on student expressions.

 • AI-Powered Virtual Patients: This module focuses on NPCs 
performing behavioral-level patient simulation through realistic 
patient behavior using reinforcement learning, behavior trees, and 
personality modeling techniques.

1.6.7. Player Type-Based NPC Design

Player-type-based NPC design enables AI-supported characters to 
become dynamic actors that analyze players’ in-game behavioral preferences 
and interact accordingly rather than merely serving as content providers. One 
of the fundamental models is Bartle’s player typology, which divides players 
into four main categories: Achievers (achievement-focused), Explorers 
(exploration-focused), Socializers (social relationship-focused), and Killers 
(dominance and competition-focused) (Bartle, 1996).

Player Type Detection Mechanisms: AI systems identify player types 
through behavioral pattern analysis during gameplay. For Achiever-type 
identification, the system monitors completion rates, time spent on scoring 
mechanisms, and frequency of accessing progress indicators. Explorer-type 
players are detected through extensive area exploration, experimentation with 
different interaction methods, and a tendency to examine optional content. 
Socializer-type detection focuses on communication frequency, time spent 
in social areas, and preference for collaborative activities. Killer-type players 
are identified by their competitive behaviors, attempts to influence other 
players’ experiences, and engagement in player-versus-player interactions.

Theoretical Application Example: Consider how the AI system adapts 
“Dr. Martinez,” a virtual cardiology attending, to different student personality 
types during a cardiac catheterization simulation. When working with 
Emma, an Explorer-type student who asks, “What would happen if we tried 
a different approach?” Dr. Martinez becomes a collaborative investigator, 
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saying, “Interesting question! Let us examine the patient’s anatomy more 
closely. What do you notice about the left anterior descending artery?” 
He provides additional imaging views and encourages Emma to discover 
alternative techniques.

However, when working with David, an Achiever-type student focused on 
performance metrics, Dr. Martinez transforms into a goal-oriented mentor: 
“You completed that procedure in 15 minutes with zero complications—
that is faster than 80% of residents at your level. Now let us see if you can 
maintain that efficiency while reducing radiation exposure by 20%.” He 
provides clear benchmarks and celebrates specific accomplishments.

For Sarah, a Socializer-type student who thrives on relationship building, 
Dr. Martinez becomes more personally engaged: “You know, your gentle 
approach with that anxious patient reminds me of my mentor. Tell me, how 
did you know she needed extra reassurance?” He shares personal anecdotes 
and creates emotional connections that motivate Sarah through relationships 
rather than competition.

For Marcus, a Killer-type student who seeks to influence and affect other 
players’ experiences, Dr. Martinez facilitates peer interaction scenarios: “I 
am connecting you with the simulation room next door where Dr. Stevens 
is working with another resident on the same case. Show them how it is 
done—let us see whose technique impresses the attending physician more.” 
He creates opportunities for Marcus to demonstrate superiority over peers 
in real-time, perhaps by setting up competitive case presentations where 
Marcus can critique others’ approaches or take leadership roles that allow 
him to direct other students’ learning experiences. When Marcus successfully 
influences his peer’s decision-making during the joint simulation, Dr. 
Martinez acknowledges: “Excellent guidance to your colleague—you just 
prevented them from making a critical error.

According to Andrew Przybylski’s self-regulation-based player typology, 
players’ expected values from interaction are divided into three: autonomy, 
competence, and relatedness. When AI-supported NPCs are designed 
with structures balancing these three needs, deeper and more personalized 
learning environments emerge.

1.7. AI-Powered Visual Design and Asset Generation

AI-supported visual generation technologies bring not only technical 
conveniences to serious game development processes but also pedagogical 
diversity and content accuracy. In this context, the production process 
is being restructured across a broad spectrum, from character designs 
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serving educational goals to dynamic environment creation, from medical 
illustrations to avatar customization processes.

Theoretical Application Example: Consider the development of a 
“Virtual General Hospital,” a comprehensive medical education platform 
where AI generates contextually appropriate visual assets in real time. 
When a student enters the pediatric ward, the AI system does not just load 
a generic hospital room—it generates age-appropriate wall decorations, 
correctly sized medical equipment, and even ambient details like the sound 
of a child’s laughter from a nearby room. Suppose the scenario involves 
a culturally diverse patient population. In that case, the AI creates visual 
representations that authentically reflect different ethnicities, religious dress, 
and cultural artifacts in patient rooms, ensuring students learn to provide 
culturally competent care.

The system takes it a step further by generating medical illustrations 
tailored to each case. When a student examines a patient with a rare 
skin condition, the AI creates high-resolution, medically accurate visual 
representations of the condition at different stages, adjusting lighting and 
skin tone to match the virtual patient’s characteristics. If a student struggles 
with anatomical concepts, the system generates interactive 3D models, cross-
sectional views, and simplified diagrams that adapt to the student’s learning 
pace and visual processing preferences. This creates an environment where 
visual learning is not limited by pre-existing asset libraries but dynamically 
responds to educational needs and student characteristics.

Particularly in areas that require sensitivity in terms of contextual 
accuracy and representation, such as healthcare education, creating content 
with generative AI systems (e.g., DALL·E, Midjourney, Stable Diffusion) 
has become faster, more accessible, and customizable. These generative AI 
systems can be used to generate NPCs’ facial expressions, voice tones, or 
body language, providing feedback to students not only through speech but 
also through facial expressions, posture, and emotional intonations.

The fundamental pedagogical function of serious games is to make 
learning interactive and transform students into active agents. Visual and 
spatial elements used in this context are not merely aesthetic elements but 
also determinative tools in terms of cognitive load, motivation, and empathic 
interaction. Creating scenario-appropriate and culturally sensitive characters 
in AI-supported visual generation processes increases student participation 
and learning motivation.
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In terms of environment design, dynamic hospital, clinic, or home 
environments created with procedural content generation techniques enrich 
in-game interaction and can adapt to student decisions. AI can dynamically 
optimize spatial features, such as lighting, arrangement, and object 
positioning, according to scenario requirements, thereby supporting player 
awareness, attention management, and contextual analysis skills.

Ultimately, character customization tools provide more inclusive and 
ethical design opportunities for player representation. AI-supported avatar 
generation enables students to express their identity in digital environments 
by considering many variables, such as different physical features, cultural 
clothing, disability representations, and age groups. This diversity is not 
only a visual richness but also an important learning tool in terms of social 
learning, patient-centered care understanding, and empathy education.

Conclusion

AI-supported serious games have significant potential in healthcare 
education for personalizing learning, modeling decision-making processes, 
and experiencing real-life scenarios in safe environments. However, most 
existing studies in the literature indicate that this potential has been realized 
only to a limited extent. While a significant portion of developed games 
focus on therapeutic intervention and diagnosis, the number of applications 
in preventive healthcare education is quite limited.

In this context, both researchers and developers need to focus on 
next-generation serious game designs by comprehensively addressing the 
educational and ethical dimensions of AI technologies. Future studies are 
expected to focus on AI systems trained with large datasets, with clearly 
reported performance that is compatible with mobile devices and sensitive to 
cultural diversity. Additionally, it will be critical for these systems developed 
for healthcare education to support not only knowledge levels but also 
decision-making strategies, empathy, and ethical awareness by establishing 
meaningful interactions between students and AI.
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