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ABSTRACT 
 

This thesis explores the design and impact of serious games (SGs) in software engineering (SE) 

education using a Design Science Research methodology. Chapter 1 provides a comprehensive 

mapping study of SGs in SE, identifying key characteristics, challenges, and success factors, while 

offering practical recommendations for educators and developers. Chapter 2 details a pedagogical 

experiment that demonstrates the positive impact of SGs on students' academic performance, 

highlighting the importance of instructor experience in successful SG integration. Chapter 3 

introduces the RAF-SGD, a novel framework aimed at improving SG design through collaboration, 

reuse, and automation. This framework, validated through expert review and a comparative 

analysis with other frameworks, highlights its comprehensiveness and potential. While the 

framework’s practical application is still being validated through the design of SGs. 

 

Keywords: Serious Games, Software Engineering, Education, RAF-SGD, Design Science Research, 

Pedagogical Experiment, Game Design Framework. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RESUMEN 
Introducción 

Los Juegos Serios (JS) se diseñan con un propósito más allá del entretenimiento, a menudo con 

fines educativos o de formación profesional. A través de la integración de elementos lúdicos, los JS 

pueden hacer que el proceso de aprendizaje sea más interactivo y motivador. Se diferencian de la 

gamificación, que aplica elementos de juego en entornos no lúdicos con el objetivo de aumentar la 

participación y el compromiso. En la educación, especialmente en Ingeniería de Software (IS), los 

JS tienen un gran potencial para enfrentar algunos de los problemas más difíciles en la enseñanza 

de temas complejos, como la abstracción de conceptos y la aplicación práctica de teorías en 

entornos del mundo real. El uso de juegos serios puede proporcionar entornos ricos en 

retroalimentación, en los que los estudiantes pueden practicar habilidades técnicas y de toma de 

decisiones en contextos controlados pero inmersivos. 

Esta tesis investiga el diseño de JS en la educación de IS, su efectividad como herramientas 

pedagógicas y cómo se pueden mejorar los enfoques actuales de diseño de JS para este campo. Para 

ello, se desarrolló un nuevo marco para el diseño de JS, que fue posteriormente validado a través 

de retroalimentación de expertos en IS y diseño de juegos. El objetivo es cubrir un vacío importante 

en la literatura: la falta de un marco estandarizado que guíe el diseño de JS en la educación de IS. 

Esta investigación, por tanto, no solo busca ampliar la comprensión del papel de los JS en la 

enseñanza de IS, sino también proporcionar un marco práctico que pueda ser utilizado por 

educadores y desarrolladores de juegos para crear herramientas educativas más efectivas. 

 Hipótesis 

La hipótesis principal de la tesis es que un marco de diseño basado en evidencia, y respaldado por 

la retroalimentación de expertos, puede mejorar significativamente la calidad y la efectividad de 

los JS en la educación de IS. Específicamente, el marco puede ayudar a crear JS que se alineen mejor 

con los objetivos educativos, optimicen los recursos disponibles y aumenten los resultados de 

aprendizaje. 

Objetivos 

Los principales objetivos de esta investigación son los siguientes: 

1. Comprender los juegos serios en la educación de IS: Desarrollar una comprensión integral del 

estado actual de los JS en la educación de IS, analizando los ejemplos existentes y categorizándolos 

según los dominios de IS y la Taxonomía de Bloom para evaluar su alineación con los objetivos 

educativos. 

2. Evaluar el impacto de los JS en los resultados de los estudiantes, considerando la experiencia de 

los profesores: Realizar estudios empíricos que no solo midan la efectividad de los JS en términos 



de rendimiento académico, satisfacción y compromiso de los estudiantes en la educación de IS, 

sino que también evalúen cómo la experiencia previa de los profesores en la implementación de 

estos juegos influye en dichos resultados. Es importante analizar si los profesores con mayor 

familiaridad y práctica con los JS logran un mayor impacto positivo en los estudiantes, comparado 

con aquellos que tienen menos experiencia o formación en el uso de estas herramientas. 

3. Aportar nuevo conocimiento a la educación en IS: Identificar las mejores prácticas para el diseño 

de JS y desarrollar pautas que puedan ayudar a los educadores a integrar estos juegos en los planes 

de estudio de IS. 

4. Desarrollar un nuevo marco de diseño de juegos serios: Proponer un marco que no solo 

estandarice el proceso de diseño de juegos serios, sino que también promueva la reutilización de 

ciertos componentes de los juegos de manera fluida. Además, este marco debe automatizar ciertas 

tareas dentro del proceso de diseño, lo que lo hará más sostenible y ahorrará tiempo y esfuerzo a 

los interesados, facilitando así la colaboración entre educadores de IS y diseñadores de juegos. 

5. Validar el marco a través de retroalimentación de expertos y análisis comparativo: Asegurar que 

el marco propuesto sea práctico y efectivo mediante su validación a través de revisiones y 

retroalimentación de expertos en diseño de JS y en educación de IS. Además, se llevó a cabo un 

análisis comparativo con marcos novedosos existentes para evaluar su efectividad. Actualmente, 

el marco está siendo validado en la práctica real mediante su aplicación en el diseño de un juego 

serio, lo que permitirá obtener resultados concretos sobre su funcionalidad y adaptabilidad en 

escenarios de uso real. 

Metodología 

La tesis siguió la metodología de*Investigación en Ciencias del Diseño (Design Science Research - 

DSR), que se organiza en cuatro fases fundamentales: 

1. Identificación del Problema: Una revisión exhaustiva de la literatura reveló varias deficiencias 

en el diseño e implementación de JS en la educación de IS. Se realizó un estudio de mapeo 

sistemático de los JS existentes, que clasificó estos juegos según su alineación con la Taxonomía de 

Bloom y los dominios de IS definidos en el Cuerpo de Conocimientos de Ingeniería de Software 

(SWEBOK). Además, se llevaron a cabo experimentos controlados para evaluar el impacto de los 

JS en los resultados de los estudiantes. 

2. Desarrollo del Artefacto: Basado en los hallazgos de la fase de identificación del problema, se 

desarrolló un nuevo marco de diseño de JS que busca estandarizar y mejorar el proceso de creación 

de estos juegos en la educación de IS. Este marco proporciona una guía práctica tanto para 

educadores como para desarrolladores de juegos, con un enfoque en la alineación con los objetivos 

educativos y la optimización de recursos. 



3. Validación del Artefacto: El marco fue validado mediante un proceso de revisión por expertos 

en el campo de la IS y del diseño de juegos. También se realizó un análisis comparativo entre el 

marco propuesto y otros marcos de diseño de JS existentes. 

4. Contribución al Conocimiento: Los resultados de la investigación se consolidaron en un conjunto 

de mejores prácticas para el diseño de JS, y el marco propuesto fue refinado en función de la 

retroalimentación de los expertos y los estudios comparativos. 

Conclusiones  

En capítulo 1, se realizó un estudio de mapeo sistemático de los JS existentes en la educación de IS, 

con el fin de comprender mejor el estado del arte en este campo. Los juegos serios identificados 

fueron categorizados según los dominios de IS y los niveles de la Taxonomía de Bloom, lo que 

permitió evaluar qué tan bien estos juegos apoyaban los objetivos educativos de diferentes áreas 

de IS, como la gestión de proyectos, el diseño de software y las pruebas. El análisis reveló que 

muchos JS se concentraban en las etapas inferiores de la Taxonomía de Bloom, como la 

comprensión y la aplicación, mientras que había pocos juegos diseñados para las etapas superiores, 

como el análisis y la evaluación. Esto señala una brecha importante en el diseño de JS en IS, ya que 

las habilidades cognitivas de nivel superior son cruciales para los profesionales de IS. El estudio 

también destacó la subrepresentación de ciertos dominios de IS en los JS existentes, en particular 

las áreas de seguridad de software y garantía de calidad, lo que indica la necesidad de desarrollar 

más JS que cubran estas áreas. Además, se identificó que muchos juegos fallaban en tener en cuenta 

los diferentes perfiles de los jugadores, lo que podría afectar negativamente la experiencia de 

aprendizaje. Los hallazgos de este estudio sirvieron de base para el desarrollo de un marco de 

diseño de JS que abordara estas deficiencias, proponiendo un enfoque más equilibrado y 

estructurado para el diseño de juegos educativos en IS. 

El segundo capítulo describió un experimento controlado que se llevó a cabo en el curso de gestión 

de proyectos de desarollo software en varios años académicos. El propósito del experimento fue 

evaluar el impacto de los JS en el rendimiento de los estudiantes en comparación con los métodos 

tradicionales de enseñanza. Se midieron tres variables clave: calificaciones finales, asistencia y 

rendimiento en el examen final. Además, el estudio consideró el papel de la experiencia del 

instructor en la implementación de los JS. Para ello, se compararon cursos impartidos por 

instructores con diferentes niveles de experiencia en el uso de JS como herramienta pedagógica. 

Los resultados del experimento mostraron que los estudiantes que participaron en cursos donde 

se utilizaron JS tuvieron un mejor rendimiento que aquellos en los cursos tradicionales. Esto fue 

particularmente cierto para los cursos impartidos por instructores con una experiencia 

considerable en el uso de JS. Se observó que estos instructores no solo eran más eficaces en la 

implementación de los juegos en sus cursos, sino que también pudieron integrar mejor los 

elementos educativos clave dentro del juego. Esto sugiere que la formación de los instructores es 

un factor crítico para maximizar los beneficios de los JS en la educación de IS. 



El capítulo 3 es el corazón de la tesis y se centra en el desarrollo del nuevo marco de diseño de JS, 

así como en su validación. El marco propuesto se basa en las deficiencias identificadas en el estudio 

de mapeo y los hallazgos del experimento controlado, ofreciendo un enfoque más estructurado y 

accesible para el diseño de JS en la educación de IS. El marco tiene tres componentes principales: 

1. Alineación con los objetivos educativos: El marco asegura que los JS se diseñen para alinearse 

con los objetivos educativos específicos de IS, basándose en la Taxonomía de Bloom y en los 

dominios definidos por SWEBOK. 

2. Mecánicas y dinámicas de juego adaptadas: El marco proporciona pautas claras sobre cómo 

seleccionar e implementar las mecánicas de juego que mejor se adapten a los objetivos educativos 

y a las características de los estudiantes. Esto incluye recomendaciones sobre la personalización de 

la experiencia de juego para diferentes perfiles de jugadores. 

3. Colaboración entre educadores y desarrolladores: Dado que el diseño de JS puede ser un proceso 

complejo, el marco facilita la colaboración entre educadores y diseñadores de juegos, 

proporcionando un lenguaje común y herramientas que simplifiquen la comunicación entre ambas 

partes. 

Además, el capítulo incluye una descripción detallada del proceso de validación del marco. Se 

realizaron entrevistas con expertos en el campo de la Ingeniería de Software y el diseño de juegos 

serios. Estos expertos evaluaron el marco propuesto, proporcionando retroalimentación crítica 

para su refinamiento. Los resultados de la validación demostraron que el marco era considerado 

efectivo y flexible por los expertos, destacando especialmente su capacidad para guiar el diseño de 

juegos serios que promuevan habilidades cognitivas de nivel superior. Los expertos también 

señalaron que el marco podía ayudar a reducir la brecha de comunicación entre educadores y 

desarrolladores de juegos, lo que facilitaba un diseño más coherente y alineado con los objetivos 

educativos. 

También se llevó a cabo una comparación entre el marco propuesto y otros marcos de diseño de 

JS, utilizando criterios como la facilidad de uso, la alineación con los objetivos pedagógicos y la 

capacidad de adaptación a diferentes contextos educativos. Se examinaron marcos utilizados en 

diversas disciplinas, incluyendo la educación general y la capacitación profesional, para identificar 

sus fortalezas y debilidades en comparación con el nuevo marco desarrollado para IS. El análisis 

mostró que, aunque varios marcos existentes son eficaces en ciertos contextos, pocos proporcionan 

una alineación clara con los objetivos educativos específicos de la Ingeniería de Software. Muchos 

marcos tienden a centrarse en áreas como la motivación y el compromiso, lo cual es importante, 

pero no abordan de manera adecuada los desafíos específicos de enseñar habilidades técnicas y 

analíticas complejas como las que se requieren en IS. Además, el marco propuesto en esta tesis 

sobresale en términos de flexibilidad y adaptabilidad a diferentes entornos de aprendizaje. 

Mientras que algunos marcos anteriores se enfocaban en un solo tipo de mecánica de juego o estilo 



de enseñanza, el nuevo marco permite una personalización más profunda, ajustándose tanto a las 

necesidades del estudiante como a las del instructor. 

Trabajo Futuro 

La investigación realizada en esta tesis ha abordado varias áreas importantes en la intersección de 

los JS y la educación en IS. A través de un análisis riguroso del estado actual de los JS en IS, la tesis 

identifica áreas de mejora y propone un nuevo marco de diseño que busca superar las limitaciones 

de los enfoques anteriores. El nuevo marco no solo alinea los juegos serios con los objetivos 

educativos, sino que también proporciona una estructura flexible y adaptativa que puede ser 

utilizada por educadores y desarrolladores de juegos. La retroalimentación de los expertos ha 

confirmado su validez, y los estudios comparativos han mostrado que tiene ventajas claras sobre 

otros marcos existentes. A pesar de los avances logrados con esta investigación, hay varias áreas 

que podrían beneficiarse de estudios adicionales en el futuro: 

1. Evaluación longitudinal: Aunque los estudios controlados mostraron que los juegos serios 

pueden tener un impacto positivo en el corto plazo, sería valioso realizar estudios longitudinales  

para evaluar el impacto de estos juegos en el aprendizaje a largo plazo y en la retención de 

habilidades técnicas. 

2. Expansión a otros dominios de IS: Aunque esta tesis se centró en ciertos dominios clave de IS, 

como la gestión de proyectos y el diseño de software, el marco podría expandirse y adaptarse a 

otras áreas críticas como la seguridad del software y la garantía de calidad. El desarrollo de JS 

específicos para estos dominios podría tener un impacto significativo en la educación y formación 

en IS. 

3. Aplicaciones en la industria: Si bien esta tesis se centró en el uso de juegos serios en un entorno 

educativo formal, existe un gran potencial para aplicar el marco en entornos de capacitación 

profesional en la industria de software. Las empresas podrían beneficiarse del uso de juegos serios 

para entrenar a sus empleados en nuevas tecnologías, metodologías y mejores prácticas. 

4. Integración con tecnologías emergentes: A medida que las tecnologías emergentes como la 

realidad virtual (VR) y la inteligencia artificial (IA) continúan avanzando, existe una oportunidad 

para integrar estos avances en el diseño de JS. El marco podría ser adaptado para aprovechar estas 

tecnologías, creando juegos más inmersivos y personalizados que respondan a las necesidades 

individuales de los estudiantes. 

5. Diversificación de perfiles de estudiantes: Los juegos serios diseñados para educación en IS 

deberían tener en cuenta la diversidad de los estudiantes, tanto en términos de habilidades previas 

como de estilos de aprendizaje. En el futuro, sería interesante explorar cómo adaptar los juegos 

serios para grupos más amplios y diversos de estudiantes, incluidos aquellos con necesidades 

educativas especiales o estudiantes de diferentes niveles de experiencia en IS. 

 



1 
INTRODUCTION 

 

1.1 Introduction 
Serious Games (SG) are games used for purposes other than mere entertainment in accordance 

with specific rules, which use leisure as a tool to promote educational settings of various kinds [1]. 

In several studies, the terms SGs and gamification are used interchangeably to refer to Game-Based 

Learning (GBL) approaches for adults [2]. which is an umbrella term encompassing any approach 

that uses game components as a medium for learning [3]. Although the use of game components 

in both SGs and gamification is what leads to this confusion, the difference lies in the way in which 

they were used. While gamification is a task to which game components were added in non-game 

contexts [4], a SG is a purpose-built game that uses these components like any other game [5]. 

According to a report on the game-based learning market revenue worldwide in 2018 and 2024 

[6], the SGs market is expected to grow from 3.5 billion U.S. dollars in 2018 to 24 billion in 2024. 

This does not only comply with the global interest that SGs gained during the last few years, but 

also suggests that SGs are a fast-growing trend that is worth exploring. According to Laamarti et 

al. [7], SGs are becoming ever more important in the domain of education. In the same line, statistics 

confirm that in the year 2020 the main category of SGs developed by the Spanish videogame 

industry was ‘education’ with a percentage of 79%, significantly higher than any other category of 

SGs [8]. Facing the very rich taxonomy of SGs identified in the literature [9,10], serious gaming 

appears to be a growing market worldwide, and an interesting area for interdisciplinary academic 

research [11]. This market keeps on expanding to other sectors such as education. This surge has 

captured the attention of investors, researchers, and developers, emphasizing a collective 

commitment to improving the design quality of these educational tools [12]. Notably, serious 

games are on the rise in higher education, reflecting a broader acknowledgment of their potential 

to enhance traditional learning methods [13] as an adjunct to teaching and learning materials [14], 

as the latter produce more tangible educational results and are more inspiring than other learning 

approaches such as classroom learning, eLearning, and hands-on-learning [15]. A comparative 

analysis led by Tahir and Wang [16] highlighted that learning/pedagogy and game factors are the 

most essential attributes for the design of educational games, linking these attributes was 



considered an efficient way to facilitate affective reactions such as flow, enjoyment, and immersion 

towards educational games. 

In the context of Software Engineering (SE) education, SGs offer a promising avenue to address the 

challenges associated with traditional teaching methods. However, despite their growing 

popularity, there remains a need for comprehensive understanding and systematic evaluation of 

SGs' effectiveness and design principles. This thesis addresses these needs by exploring the impact 

of SGs on SE education and developing practical guidelines for their implementation. Existing 

literature underscores the benefits of SGs in in education and training, , as they align with modern 

theories of effective learning [17]. These theories emphasize that learning is most effective when it 

is active, experimental, situated, problem-based, and provides immediate feedback—all features 

commonly found in SGs [18]. However, there is a noticeable gap in empirical studies specifically 

addressing the use of SGs in Software Engineering (SE) education. Current research has 

demonstrated that SGs can improve student motivation and engagement [19], but there is limited 

evidence on how these benefits translate into tangible improvements in academic performance and 

learning outcomes within SE courses. Moreover, the design and implementation of SGs in SE 

contexts often lack a standardized approach, leading to varied effectiveness and integration 

challenges [20].  

The primary objective of this thesis is to bridge the gap between theoretical benefits and practical 

applications of SGs in SE education. This involves evaluating the impact of SGs on student 

performance, engagement, and satisfaction, as well as developing actionable guidelines for SE 

educators and SG developers. This study is significant for several reasons. First, it contributes to 

the academic literature by providing empirical evidence on the impact of SGs in SE education, 

filling a critical gap in current research. The findings will offer valuable insights for educators 

seeking to enhance their teaching methods with game-based learning strategies. Second, the 

practical guidelines developed through this research will support SG developers in creating more 

effective and contextually relevant educational games. By addressing both theoretical and practical 

aspects, this thesis aims to advance the field of educational technology and improve learning 

outcomes in SE education. This research employs a Design Science Research (DSR) methodology 

to address the identified problems and objectives. The DSR approach will guide the development 

and evaluation of artifacts designed to improve SG integration in SE education. The methodology 

includes conducting controlled experiments to assess the effectiveness of SGs, performing a 

systematic literature review to identify design challenges and opportunities, and developing 

practical guidelines based on empirical findings and theoretical insights. 

The thesis is structured as follows: Section 2 presents a comprehensive review of the state of the 

art, focusing on the use of SGs in educational contexts, particularly within SE education. Section 3 

outlines the research methodology employed in this study, detailing the DSR approach, including 

the design, development, and evaluation of the study's artifacts. Section 4 provides an overview of 

the systematic mapping study conducted to explore the current landscape of SGs in SE. Section 5 



focuses on the influence of instructor expertise with SGs on student performance in SE courses. 

Section 6 introduces the proposed solution, describing the development of a novel SG design 

framework, followed by its validation through expert consultations and ongoing practical 

application in SG design. Section 7 concludes the thesis, discussing the broader implications of the 

research, identifying limitations, and offering suggestions for future research directions. 

1.2 Hypothesis:  
Guided by an evidence-based framework and validated through expert feedback, the design of 

SGs in SE education can lead to more efficient and effective outcomes, optimizing both resource 

use and educational impact. 

1.3 Goals and Tasks 
Based on the hypothesis, we can outline the following goals for the thesis and break them down 

into specific tasks: 

1.3.1 Goal 1: To Develop a Comprehensive Understanding of SGs in 

SE Education  

-  Task 1.1:  Perform a systematic mapping study to identify existing SGs in SE education. 

- Task 1.2:  Categorize SGs used in SE education according to their focus on specific SE domains 

(e.g., Software Engineering Body of Knowledge (SWEBOK) areas) and Bloom’s Taxonomy levels. 

- Task 1.3:  Identify key game elements, mechanics, and dynamics that contribute to the 

effectiveness of SGs in SE education. 

- Task 1.4:  Investigate the diversity of player profiles targeted by SGs in SE education and identify 

potential gaps. 

1.3.2 Goal 2: To Evaluate the Impact of Serious Games on Student 

Outcomes in SE Education  

-  Task 2.1:  Conduct a controlled experiment to assess the impact of SGs on student performance, 

exam attendance, and passing rates in SE courses. 

-  Task 2.2:  Analyze the role of instructor expertise in the effectiveness of SG implementation in SE 

education. 

-  Task 2.3:  Compare student satisfaction and engagement levels between traditional teaching 

methods and SG-enhanced courses.    



1.3.3 Goal 3: To Synthesize and Contribute New Knowledge to the 

Field of SE Education  

-  Task 3.1:  Synthesize findings from the controlled experiments, literature reviews, and theoretical 

proposals to formulate best practices for SG design and implementation in SE education. 

-  Task 3.2:  Develop guidelines for SE educators on effectively integrating SGs into their curricula, 

considering factors such as instructor expertise and student diversity. 

-  Task 3.3:  Identify and discuss future research directions, focusing on addressing identified gaps 

and exploring emerging trends such as the use of AI in SGs for SE education. 

1.3.4 Goal 4: To Develop a Novel Framework for Serious Games 

Design 

- Task 4.1: Curate and integrate the expertise gained from controlled experiments, literature 

reviews, and practical experiences into a comprehensive framework for SG design in SE education. 

- Task 4.2: Aligning the framework with established frameworks and incorporating validated 

proposals to ensure it is evidence-based, making it adaptable to various educational contexts. 

- Task 4.3: Create a structured process that simplifies the development of SGs to address the current 

lack of standardization in SG design, ensuring that the design process is more straightforward and 

accessible for educators. 

- Task 4.4: Establish clear guidelines and protocols within the framework to facilitate more efficient 

communication between educators and game design experts, enhancing collaboration and 

ensuring that educational objectives are effectively translated into game mechanics. 

1.3.5  Goal 5: To Validate the Framework Through Expert Review 

- Task 5.1: Validate the framework’s efficiency and effectiveness by gathering and analyzing expert 

feedback on its potential to optimize resource utilization and enhance educational quality in SG 

design. 

- Task 5.2: Conduct a Technology Acceptance Model (TAM) assessment to evaluate expert 

perceptions of the framework’s usability, practicality, and acceptance in educational contexts. 

- Task 5.3: Assess the framework’s interoperability by obtaining expert insights on its applicability 

across diverse educational and development settings, ensuring it facilitates effective collaboration 

between educators and game designers. 

- Task 5.4: Refine the framework based on the validation feedback, ensuring it meets high standards 

for quality, resource efficiency, and applicability in the design and implementation of serious 

games for SE education. 



2 
STATE OF THE ART 

  

2.1 Uncharted Dimensions in Serious Games for Software 

Engineering Education 

2.1.1  Game-Based Approaches in Software Engineering Education 

Through investigating the aspect of how gaming can affect the player’s real world, Frank et al. [21] 

have found that gaming has a positive and measurable effect not only on players’ skills but also on 

their knowledge, while players’ real-life state of mind is not necessarily affected. In this respect, 

and since teaching SE is a difficult task due to its excessive reliance on theoretical courses that may 

lead to unenthusiasm and a lack of interest among learners [22], SE educators are particularly 

interested in supporting and motivating SE students [23] and thus, enhancing learning processes 

and outcomes through gaming [24]. Several studies reported a positive tendency toward the 

adoption of game-based approaches in SE education [2,25,26]. While SGs are receiving increasing 

interest in the field of SE [27], Barreto and França [28] conducted a mixed-method literature review, 

covering 130 studies, re-questioning gamification’s definition in SE studies and coming to the 

conclusion that researchers in this field tend towards a strict view of gamification, , closely aligning 

it with Deterding et al. [4] definition of  SGs. In another systematic survey, Caulfield et al. [29],  

examined games or simulations used in the SWEBOK areas of SE education and/or training has 

shown that, as pedagogical tools, these games have become more common and that students enjoy 

playing them and feel that this experience has an added value. The author also emphasized that 

although most studies lacked experimental design, there is sufficient evidence to say that SGs are 

beneficial and interesting complements to other teaching methods that educators can enrich their 

courses with. Moreover, Souza et al. [30], performed a systematic mapping of game-related 

approaches in SE education and their support of the Software Engineering Education Knowledge 

(SEEK) areas., analyzing 106 primary studies and identifying GBL and GDBL (Game Development-

Based Learning) as the most prevalent approaches.  



2.1.2 Serious Games in Software Engineering Education 

Given that empirical studies in SE education with students as subjects have been beneficial for 

researchers for a long time [31], many studies in SE education validate SGs solutions or put a 

combination of SGs into test using students in their SE courses as subjects of experiments. This 

subsection examines various studies that investigate the use of SGs in software engineering 

courses, shedding light on their potential to enhance learning outcomes and student satisfaction. 

In an empirical study conducted by Flores et al. [32], an experiment regarding teaching SE topics 

through pedagogical game design patterns highlights that students who played SGs not only 

achieved most of the expected learning objectives but did so in a fun and enjoyable way. Similarly, 

in a quasi-experimental study by Vizcaíno et al. [33], students showed significant knowledge 

improvement when exposed to a Global Software Development (GSD) SG in a SE course. 

Satisfaction in terms of game quality, especially in terms of usability, was high. Furthermore, 

Students found the game fun and enjoyable while some even reported being fully immersed in the 

game. In a similar vein, an empirical study conducted by Ghanbari et al. [34] demonstrated the 

effectiveness of utilizing SGs for requirement gathering in a SE course, incorporating key 

contextual challenges of GSD. This approach proved successful in enhancing the ability of less-

experienced individuals to identify a greater number of requirements. Furthermore, it streamlined 

the process of requirements elicitation, making it more accessible and enjoyable for most 

participants. Additionally, it fostered improved collaboration and communication among students 

who utilized the SGs in contrast to those adhering to the traditional approach. In contrast, in the 

experiment by Kemell et al. [35], although participants enjoyed the learning experience, the SG in 

question was perceived as predictable and less useful when played for a long time. Just like the 

latter, no significant learning outcome linked to the SG was reported in their experiment results. 

An experiment conducted by García et al [22] assessing a SG for teaching the fundamentals of the 

ISO/IEC/IEEE 29148 and SE at the undergraduate level showed that the SG did not only help to 

strengthen students' understanding of the theoretical concepts learned in the classroom but was 

also perceived by students to be an efficient and motivating teaching/learning tool. Along the same 

line, the study by Gulec et al. [36] investigating programming knowledge levels of computer 

engineering students using a web-based SG revealed that the students who often used the SG 

increased significantly their knowledge levels, unlike students who were in the control group for 

this experiment. In another context, in an experiment by Von Wangenheim et al. [37] regarding a 

SG they developed for teaching SCRUM in computer courses, results indicate that the SG has real 

potential to contribute to SCRUM learning engagingly, suggesting that the SG offers a low-budget 

alternative to complement traditional instructional strategies for teaching SCRUM in the 

classroom. Additionally, in another experiment conducted by Sánchez-Gordón et al. [38]  assessing 

a SG they developed for the ISO/IEC 29110 Standard understanding, it was reported that 

participant involvement has the highest score, with 94% of the participants agreeing on playing the 

game again. A rate of 79% of participants reported that the SG is not only engaging but also a good 

alternative to traditional classroom activities. The lowest scores were reported regarding the SG's 



potential to improve their knowledge of the standard and to encourage them to know more. In 

contrast, the study by Drappa et al [39] found no learning effect caused by their designed SG in 

their experimental results.  

2.1.1 Gaps and Opportunities in Serious Games for Software 

Engineering Education 

Many studies were investigating how to learn/teach SE through playing SGs [27]. Nevertheless, to 

the best of our knowledge, there are no Systematic Literature Reviews (SLR), Systematic Mapping 

Studies (SMS), or other secondary studies in literature, that address the topic of SGs in SE in the 

same depth or with the same aims as our thesis, namely by: (1) Examining SWEBOK areas that 

have been targeted for SGs in SE in the literature and map the aforementioned SGs accordingly, 

enhancing the relevance of SGs to their aligned SWEBOK areas in SE education. This way both 

educators and students could access easily SGs addressing their targeted knowledge areas when 

learning SE. (2) Extracting general characteristics and components addressed in these SGs in SE 

studies. This could provide educators with a comprehensive view of current trends in SGs for SE 

education. Simultaneously, it would offer insights to SG designers regarding the various 

gamification elements and Game Mechanics - rules and systems designed to enhance the player's 

gaming experience - implemented within these SGs. (3) Studying the potential importance of 

having a deep knowledge of the player profiles and their characteristics, addressing a concept 

previously overlooked in SG studies. It could provide insights for educators and students on 

personalized gaming experiences and guide SG designers in tailoring games to specific player 

preferences and characteristics. (4) Identifying Game Dynamics which are interactive mechanisms 

and elements integrated into SGs to facilitate the accomplishment of each level of Bloom's 

taxonomy in the learning process. Likewise, Learning Mechanics referring to design elements that 

facilitate effective learning processes and knowledge retention were identified. Both game 

dynamics and learning mechanics were addressed by the SGs in these studies and the different 

levels of the Bloom’s taxonomy incorporated in these SGs were investigated as the latter were never 

explicitly cited in any of the former SGs in SE studies. Thus, educators and students could be 

enlightened about the effectiveness of these elements in the learning process. Simultaneously, 

would guide SG designers in incorporating these elements for enhanced educational impact. 

On a different note, while there were experiments that have shown a positive impact of SGs on 

learning outcomes and students performance and satisfaction, it's worth noting that not all SGs 

produce similar results. In contrast, some studies have reported mixed or even negative outcomes. 

Moreover, these studies did not address the potential impact of a professor's experience in 

integrating SGs into their course on the overall student experience. To the best of our knowledge, 

no comprehensive study has been conducted on the influence of SGs on students’ academic 

achievements in the field of software project management. This gap is particularly notable given 

the recognized need for innovative strategies to enhance the teaching and perception of software 



project management concepts during theoretical sessions [40]. The literature lacks detailed 

investigations into the effects of SGs on key academic metrics such as students' final scores, exam 

attendance, and overall course success. Additionally, the impact of teachers' experience with SG 

implementation on its effectiveness as a learning tool has not been thoroughly explored. Finally, 

there is a scarcity of practical recommendations for SG stakeholders and SE educators to maximize 

the benefits of SGs in software engineering education. 

2.2 Advances and Challenges in Serious Game Design 

2.2.1  Distinctive Features of Serious Game Design Compared to 

Traditional Game Design 

The design process of serious games differs significantly from that of regular games. Serious game 

design inherits many of its traditions from entertainment-oriented game design [41]. However, 

serious game design is a multidisciplinary process that requires a collaborative approach, as it aims 

to have a purposeful impact on the players' lives beyond the self-contained aim of the game itself 

[42]. This is in contrast to regular game design, which primarily focuses on entertainment value 

and gameplay experience. The design of serious games also involves the use of standardized 

frameworks and a systematic process, including phases such as context identification, user 

requirements, planning, design, construction of interaction devices and video game, and 

evaluation [43]. Additionally, the complexity of serious game design may hamper the games' 

effectiveness [44]. Furthermore, the design of serious business process games requires game 

designers to have business process modeling skills and instructions on how to represent business 

process elements in the game context [45]. Moreover, the design of serious games for specific 

sectors involves a multidisciplinary process that aims to streamline the design and facilitate the 

reuse of domain knowledge and personalization algorithms [46]. In contrast, regular games do not 

necessarily require the same level of multidisciplinary collaboration and standardized frameworks. 

They are primarily focused on entertainment value and gameplay experience and may not have 

the same level of systematic and iterative design processes as serious games. 

2.2.2  The Role and Benefits of Serious Game Design Frameworks and 

Methodologies 

Serious game design frameworks and methodologies have played a pivotal role in the 

development of serious games elevated both their development process and effectiveness. These 

frameworks provide a structured approach to the design and development of serious games, 

ensuring a balance between entertainment and education while supporting the design process 

[47]. By providing a clear methodology for design and development, these frameworks have 

facilitated the creation of serious games that can be effectively utilized in formal education, 

training, and societal scales, dealing with the skepticism of instructors and addressing various real-



world challenges [48]. Additionally, these methodologies contribute to the purposeful design of 

serious games by analyzing a game's formal conceptual design and its elements based on the 

game's intended purpose [49]. Despite the initial investment, serious game design frameworks 

prove to be a cost-effective game design method in the long run as they can be reused repeatedly 

simplifying the design process of personalized serious games without incurring additional costs 

[46].  

2.2.3 Gaps and Challenges in Serious Game Design 

Designing SGs is not an easy task as it is often perceived as a challenging task by educators, which 

necessitates the nurturing of diverse ideas, fostering academic objectivity towards SGs, and the 

adoption of creative design and development methodologies [50].  One major issue is the lack of 

standards and guidelines for SGs development [51]. This challenge impedes the consistent and 

reliable design of serious games. Carrión et al. [52] conducted a systematic literature review to 

collect a set of documents related to the origins, definitions, classifications, evaluations, and 

frameworks of SGs design. Although some research work in the field of serious gaming 

frameworks was found, none of the approaches studied by Carrión et al. [52] use techniques to 

promote creativity and most of them are not generalizable and non-integrable with agile 

approaches. Another significant challenge is the limited integration of pedagogical principles into 

game design. Many serious games focus primarily on gameplay mechanics, often at the expense of 

incorporating well-established educational strategies, which can restrict their educational benefits. 

User experience is also frequently insufficiently considered. Although engagement and motivation 

are crucial, the design process often overlooks these elements, which are essential for effective 

learning experiences. Accessibility and inclusivity are additional areas of concern. Serious games 

should be designed to accommodate diverse learners, including those with disabilities or varying 

learning styles. However, many games fail to include necessary accessibility features. 

Interdisciplinary collaboration, a vital component of effective serious game design, is often lacking. 

Effective design requires input from various fields, including game design, education, psychology, 

and technology, but this collaboration is not always adequately realized. Scalability and 

adaptability represent further gaps. Serious games are often tailored for specific contexts, limiting 

their flexibility and broader applicability. Lastly, ethical and social considerations are frequently 

overlooked in the design process. Issues such as privacy, data security, and cultural sensitivity 

need to be addressed to ensure that serious games are developed responsibly and inclusively. 

Addressing these gaps is crucial for advancing serious game design and maximizing its impact on 

education and learning outcomes. 

 

 

 



3 
RESEARCH METHOD 

 

This thesis employs the DSR methodology, which is particularly well-suited for research that 

involves the creation and evaluation of artifacts to solve identified problems. The DSR 

methodology provides a structured approach to developing, refining, and validating artifacts that 

contribute to both academic knowledge and practical applications. The research conducted in this 

thesis follows the DSR process through four main stages: Problem Identification, Artifact 

Development, Artifact Evaluation, and Contribution to Knowledge. 

3.1 Problem Identification 
The research begins with a thorough analysis of the current landscape of SGs in SE education. The 

lack of a standardized approach to designing SGs for SE, combined with the need to understand 

their effectiveness in the classroom, was identified as a significant gap in the literature. The 

problem was further articulated through the following activities: 

- Systematic Mapping Study: A systematic mapping study was conducted to identify existing SGs 

in SE education. This study classified the identified SGs according to their focus on specific SE 

domains (e.g., SWEBOK areas) and their alignment with Bloom’s Taxonomy levels. The mapping 

also included an analysis of the game elements, mechanics, dynamics, gamification elements, and 

player profiles targeted by these SGs. Additionally, a comparison was made between the success 

factors of SGs in SE and those of general SGs across various fields. 

- Gap Identification: Through the mapping study, gaps were identified in the current use of SGs in 

SE education. These gaps included a lack of standardized design frameworks, underrepresentation 

of certain SWEBOK areas, and insufficient consideration of player profiles and game dynamics 

tailored to SE contexts. 

- Controlled Experiments: A controlled experiment across multiple academic years was conducted 

to assess the impact of incorporating SGs into SE education compared to traditional teaching 

methods. This evaluation compares the performance, attendance, and satisfaction of students who 



participated in SG-enhanced courses with those who followed traditional teaching methods. The 

experiment also examines the role of instructor expertise in the successful deployment of SGs. 

3.2 Artifact Development 
Building on the insights from the problem identification stage, the research focused on developing 

new artifacts to address the identified gaps. The artifacts include a novel framework for SG design 

in SE education and a set of guidelines for SE educators. 

- Framework Development: The findings from the mapping study, combined with the results from 

the subsequent experiments, informed the development of a comprehensive framework for SG 

design in SE education. This framework was designed to be evidence-based, incorporating best 

practices from existing frameworks and proposals. It aimed to standardize the SG design process, 

making it more straightforward for educators and facilitating more effective communication 

between educators and game design experts. 

- Guidelines for Educators: Practical guidelines for SE educators were developed to help them 

effectively incorporate SGs and advanced gamification techniques into their teaching practices. 

These guidelines were based on the findings of controlled experiments and the analysis of the role 

of instructor expertise in SG implementation. 

3.3 Artifact Evaluation 
The developed artifacts were evaluated through a series of controlled experiments and expert 

validation processes to ensure their effectiveness and practical applicability. 

- Expert Validation: The proposed SG design framework was further validated through 

consultations with experts in both SE education and game design. This validation process ensured 

that the framework was both theoretically sound and practically relevant, capable of addressing 

the needs of SE educators and game designers alike. 

- Application Validation: To further validate the proposed SG design framework, it is currently 

being applied in the design and development of new serious games tailored for Software 

Engineering education. This ongoing process involves using the framework to guide the creation 

of SGs, ensuring that the design process aligns with the evidence-based practices and standards 

set out in the framework. By applying the framework in real-world game design scenarios, we aim 

to assess its practical effectiveness and adaptability across various educational contexts. 

The results of this validation process, including feedback from educators and game designers, will 

be used to refine the framework further. While this phase of validation is still in progress, the 

preliminary outcomes suggest that the framework is facilitating a more structured and efficient SG 

design process, ultimately contributing to the creation of more effective educational tools. 



3.4 Contribution to Knowledge 
The final stage of the DSR process involved synthesizing the findings and contributing new 

knowledge to the field of SE education. 

- Synthesis of Findings: The results from the mapping study, controlled experiments, and expert 

consultations were synthesized to formulate best practices for SG design and implementation in 

SE education. These best practices were incorporated into the developed framework and 

guidelines. 

- Identification of Future Research Directions: Based on the gaps identified and the findings from 

the research, several future research directions were proposed. These include exploring the use of 

Artificial Intelligence (AI) in SGs for SE education, further refining the proposed framework, and 

investigating the long-term impact of SGs on students’ professional development. 

- Framework and Guidelines Publication: The developed framework and guidelines were 

published/to-be-published to provide SE educators and game designers with a standardized, 

evidence-based approach to SG design and implementation. This contribution aims to improve the 

quality and effectiveness of SGs in SE education and to foster greater collaboration between 

educators and game designers. 

This methodology ensures that the research not only addresses a significant gap in the literature 

but also provides practical tools and frameworks that can be used to enhance SE education through 

the effective design and implementation of SGs. The iterative nature of the DSR process, involving 

continuous refinement and validation of artifacts, ensures that the final contributions are both 

rigorous and relevant to the field. 

This thesis employs the DSR methodology to systematically investigate, design, implement, and 

evaluate the integration of SGs and advanced gamification techniques into SE education. The 

research is structured to align with the core principles of DSR, encompassing problem 

identification, artifact creation, evaluation, and knowledge contribution. The methodology section 

is organized to reflect these stages, ensuring a coherent approach that links the research objectives 

and contributions into a unified framework. 

 

 

 

 

 

 



4 
CHAPTER 1: Systematic Mapping Study 

on Serious Games in Software Engineering 

 

4.1 Introduction 
The application of the SG approach is particularly promising in the SE field, where one of the 

essential competencies, as in all engineering, is the practical application of knowledge, i.e. 

“learning by doing”. Therefore, there is a growing interest in the use of games in SE education, 

which suggests a smooth transition to a more game-like environment blended with traditional 

teaching methods as a leading strategy to greatly affect future software engineers [53]. Along the 

same line, educational SE was advocated as an emerging area of research in which game 

technologies often play an important role along with SE technologies for teaching and learning SE 

[54]. Given the limitations that SE education has when provided in its traditional teaching 

approach, and which are related to the applied nature of SE that requires learners to experience 

real-world issues to acquire an appreciation for SE concepts and best practices, game-related 

approaches came in handy to overcome some of these limitations [55]. One such approach is GDBL, 

where students learn through the process of creating games themselves, gaining hands-on 

experience in designing, programming, and testing games, which can offer valuable insights into 

subjects in the realm of SE [56]. 

However, although the use of games is littered throughout the history of SE, existing research in 

the field can be considered quite preliminary [53,57]. Furthermore, among other aspects, to solidify 

knowledge in this field and to facilitate secondary studies in summarizing results, the research 

community is advised to seek a common vocabulary for game-related approaches in SE education 

[30]. Because of this trend, we considered it convenient to differentiate between SGs, gamification, 

GBL, and GDBL afore performing a mapping study to determine and characterize the state of the 

art of SG in SE, analyzing existing initiatives, depicting the SWEBOK areas [58] that have been the 

most addressed, the different levels of Bloom’s taxonomy that have been covered by the found 

SGs, as well as the covered game related approaches, game dynamics, learning mechanics, and 

player profiles. In the realm of SE, these comprehensive dimensions of SGs have hitherto remained 



unexplored in earlier work. Our study attempts to address this crucial gap in the literature, offering 

a comprehensive investigation into the uncharted facets of SGs within the context of SE. As such, 

our research is meant to serve as a pivotal resource, providing educators and developers with 

exclusive and insightful information by shedding light on these unexplored dimensions, 

empowering stakeholders to make informed decisions, and fostering a deeper understanding of 

the complex dynamics at play. 

4.2 Methodology 
In this section, the study’s goal, methodology, the research questions are explained, and so is the 

motivation behind them. 

4.2.1 Study Process 

We carried out the mapping from August 2020 to October 2021 and the search for literature was 

held between December 2020 and May 2021. Three researchers participated in the planning and 

execution of this study following five process steps adapted from [59]: identifying research 

questions, defining data sources and research strategy, as well as the selection, classification, and 

evaluation criteria of literature. Each step of the process has an outcome, converging on the 

systematic map as the end result of the process. We offer a best practices checklist, as shown in 

Table 10 in the Appendix A to ensure the research process's rigor. The steps and sub-steps of our 

Research Process are aligned with these guidelines, as illustrated in the checklist. 

4.2.2 Goal and Motivation 

The aim of this study is to determine and characterize the state of the art of SGs in SE, analyze 

existing initiatives, and identify challenges for future research. This leads to the main research 

question that prompted this study, which is: How did SGs get adopted into SE education? To 

achieve this systematic mapping, we have followed the guidelines by Petersen et al. [59,60] which 

are consistent with the guidelines by Kitchenham and Charters [61]. Thus, we present the planning 

of the activities conducted in each stage of the mapping study. 

4.2.3 Research Questions 

The following Table 1 describes the research questions addressed in this paper and the 

motivations behind them. 

Questions Motivation 

RQ1. What SWEBOK software 

areas have been targets for SGs in SE? 

In this question, we study SGs in SE and the 

SWEBOK areas that the latter have targeted 

RQ2. How do Bloom's Taxonomy 

levels and game dynamics align in SGs 

for SE? 

In this question, we aim to identify the game 

dynamics implemented in SGs for SE through the 

game design metric proposed by Pendleton and 

Okolica [62], according to which the achievement of 

every level of Bloom's taxonomy requires that SGs 



implement a set of these dynamics. We also assess 

particular mastery levels in SGs for SE by identifying 

the levels of Bloom’s Taxonomy [63] as applicable to 

these SGs through the Learning Mechanics - Game 

Mechanics (LM-GM) framework [64]. 

RQ3. How are game-related 

approaches and learning mechanics 

implemented in SGs for SE? 

In this question, we aim to identify both the 

gamification elements alongside the Game mechanics 

implemented in SGs for SE. Gamification elements 

were identified following the periodic table of 

gamification elements proposed by Marczewski [65] 

while Game mechanics were extracted from the LM-

GM framework [64]. Also, we aim to derive the 

Learning mechanics implemented in SGs for SE 

through the LM-GM framework [64]. 

RQ4. To what extent do SGs in SE 

take into consideration player profiles 

in their gameplay?   

In this question, we aim to distinguish what kind of 

player profiles have been addressed in SGs for SE, 

enumerate the classifications adopted for the player 

profiles in SGs for SE, highlight the characteristics of 

the player profiles identified, and investigate to what 

extent SGs in SE adapt the gameplay to match the 

player profiles. 

Table 1: Research Questions 

4.2.4 Search Strategy 

Search Scope 

The PICO (Population, Intervention, Comparison, and Outcomes) [66] was developed to identify 

keywords and formulate search strings from research questions. In this study, we will be breaking 

our question into key concepts using the evidence-based practice search formula PICO. 

- Population: In SE, the population can refer to a specific role in SE, to a category of software 

engineer, to an application area, or to an industrial group [61]. In our context, the population is 

SE studies. 

- Intervention: In SE, intervention refers to a methodology, a tool, a technology, or a software 

procedure. Within the framework of this study, we will focus on SGs. 

- Comparison: In this study, no empirical comparison is made. Thus, no term was selected for this 

aspect. 

- Outcomes: All existing outcomes regarding SGs in the field of SE are of interest in this mapping 

study. Therefore, no term was selected for the outcome aspect in order not to restrict the result 

set. 



 Search Terms 

The search strategy is illustrated in Figure 1. According to Kitchenham and Charters guidelines 

[61], PICO criteria were used for developing the search string. However, one constraint when 

defining a search string is that the result set should be of manageable size, but still has the 

maximum possible coverage. Therefore, some additional synonyms and the most common relevant 

terms driven by the research questions for each attribute were selected and added to the search 

string in accordance with the recommendations of Petersen et al. [59]. 

The identified keywords are SGs, SE, and the SWEBOK areas which were grouped into sets, and 

their synonyms were considered to formulate the search string. Search terms were constructed 

using the steps described in [67], where Boolean OR is used to incorporate alternate spellings, 

synonyms, or related terms, and Boolean AND is used to link main terms. Then the search was 

mainly focused on the Title, Abstract, and Keywords of the studies. This search string was 

reviewed and agreed on among all authors.  

Search Resources 

Concerning the search resources, we considered using mainly: Science Direct, IEEE Xplore, 

ACM, Scopus, as well as Wiley. These databases were selected considering the number of relevant 

conferences and journals indexed by them. Being aware that the number of papers addressing the 

topic would be small, the authors tried to undertake a comprehensive search, which has been used 

on all fields in databases that do not allow search in specific fields such as Title, Abstract, and 

Keywords. In order to ensure that no important articles were overlooked, a cross-check was 

performed using the same search process on all selected databases. Unfortunately, some databases 

did not allow using the full search string as defined. Therefore, slightly adapted, and simplified 

search strings were used instead to suit the specific requirements of the different search interfaces.  

 



 
Figure 1: Search Strategy 

4.2.5 Study Selection 

After obtaining the potentially relevant studies, these should be evaluated for their real relevance 

to the scope of our study. 

 Search Criteria 

The following Table 2 displays the inclusion and exclusion criteria that were applied to Titles, 

Abstracts, and Keywords and based on which the papers were kept or discarded in our selection 

process. 

Inclusion 

Criteria 

IC1: Studies that investigate SGs. 

IC2: Studies are in the field of SE. 

IC3: Studies written in English. 

Exclusion 

Criteria 

EC1: Papers not accessible in full text. 

EC2: Studies that are duplicates of other studies or duplicate papers of the 

same research in different databases. 

EC3: Papers available only in the form of abstracts or papers which present 

workshop abstract submissions, posters... 

EC4: Studies that are focused on the use of SE to build SGs for other fields. 

Table 2: Inclusion and Exclusion Criteria 



Selection Process 

The search for primary studies was recursive. In other words, once relevant studies had been 

identified, the references from the latter were routinely searched using the same search criteria. 

Our study only considered articles that met all the inclusion criteria and discarded those that met 

any of the exclusion criteria identifying 125 studies as detailed in Table 3. Among these 125 studies, 

borderline ones were deemed relevant during the selection phase based on Title, Keywords, and 

Abstract. After being reviewed by the first author by reading the full text, irrelevant studies were 

discussed among the rest of the authors and thus excluded later in this process. The remaining 46 

papers were used to perform snowball sampling [68], which led to the addition of 28 studies to 

bring the total number of selected studies to 74 papers. 

 
Scopus Science 

Direct 

IEEE Wiley ACM Springer TOTAL 

Search 

Results 

607 13 46 63 246 1631 1940 

IC1 607 13 46 17 121 236 1040 

IC2 563 11 13 13 25 153 778 

IC3 545 11 13 13 25 150 757 

EC1 108 11 1 13 9 150 292 

EC2 288 

EC3 285 

EC4 125 

Full Text 46 

Snowballing 74 

Table 3: Selection Process Summary 

4.2.6 Data extraction 

In order to extract the data from the identified primary studies, we developed a comprehensive 

Excel template. Each data extraction field has a data element and a value. The extraction was 

carried out by the first author and revised by the rest of the authors by tracking the information 

contained in the extraction form to the declarations of each article and checking their accuracy. 

Details regarding the data items in question are described in Table 9 in the Appendix A. 

4.2.7 Studies Classification 

The information for each item extracted has been visually illustrated. The extracted items were 

grouped per Research Questions (RQ) by the first author during the analysis. Subsequently, the 

papers belonging to each RQ were counted. The classification categories covered by each research 

question were based on the thematic analysis performed on extracted data. Details regarding the 

classifications in question and the different SGs studies belonging to each classification are 

described in Appendix C.  



4.3 Results and Discussion 
In this section, we present and analyze the results obtained after the classification of the extracted 

data from the set of selected papers for this mapping. Thus, this section aims at showcasing the 

demographic data and answering the RQs defined in Table 1. 

4.3.1 Demographic Data 

Before addressing the RQs, various demographic attributes of the selected papers will be 

presented in the subsections below. 

 Distribution of Papers 

Aiming to track the publication evolution of SGs in SE studies and identify any raise of interest 

toward these studies, Figure 2 displays the number of SGs in SE studies identified from the early 

2000s to May 2021. The first study was published by Drappa et al. [69], and it was the only study 

in the year 2000. While the interest in SGs in SE studies started to gain consistent interest in 2010, 

it was until 2015 that a significant increase of 166.66% was observed followed by a growing interest 

throughout the last 5 years. Although SGs are not a recent topic, and nor is their use in educational 

contexts [23], this increase in the number of SGs in SE studies in recent years indicates that these 

games are considered highly relevant by the SE research community for SE education and/or 

training. 

 

 
Figure 2: Yearly Publication Evolution of SGs in SE 

 Research Types & Methods 

As Figure 3 shows, nearly 60% of selected studies are Validation Research, followed by Solution 

Proposals and Evaluation Research which make up 17.56% and 13.51% respectively of the selected 

studies. Experience Papers come 4th with a rate of 3.05% followed by both Opinion Papers and 

Philosophical Papers which make each 2.70% of the selected set. According to this ranking, the top 

three research approaches for SGs in SE studies are novel solutions or significant extensions of an 

existing technique. The latter applicability is shown by a small example or a good line of 

argumentation (Solution Proposal) such as studies by Aydan et al. [70], Chung et al. [71], and 

Miljanovic et al. [72], an experiment within an academic setting prior its implementation in practice 

(Validation Research) namely studies by Xenos et al. [73], Viscaino et al. [33], and Caserman et al. 



[74], or a truthful evaluation in an industrial setting when implemented in practice (Evaluation 

Research) citing for instance studies by Alexandrova et al. [75], Przebylek et al. [76], and Rodriguez 

et al. [77]. 

 
Figure 3: Research Types of SGs in SE 

Aiming to identify the main trends in research methods that have been adopted in the evaluation 

of SGs in SE we look further to Figure 3, according to the latter 28.37% of selected papers are either 

Solution Proposals, Opinion Papers, or Philosophical Papers that do not tackle by their nature the 

evaluation of the solutions that these papers discuss. Thus, no research methodology for SGs in SE 

evaluation was reported in these studies. As for papers that are Validation Research, Evaluation 

Research, and Experiment Papers, 72% of the latter do report information about their research 

methodology in the evaluation of the presented SGs in SE. The distribution of these papers between 

Case Studies, Surveys, and Controlled Experiments is displayed in Figure 4. Notably, a significant 

percentage of 28% of these papers did not report any specific research methodology. This omission 

can be attributed to several factors, including the exploratory nature of some studies, a lack of 

rigorous methodological frameworks in certain research, or simply an oversight in reporting. The 

presence of a substantial N/A percentage highlights a gap in the field where methodological 

transparency and rigor could be improved. Addressing this gap in future research is crucial for 

advancing the robustness and reliability of findings in the evaluation of SGs in SE. 

 
Figure 4: Research Methodologies of SGs in SE 

 Publication Channels 

Seeking to classify SGs in SE studies by publication channels, peer-reviewed venues including 

Journals, Conferences, and Workshops were considered in this classification. Figure 5 gives an 

overview of the distribution of the selected studies between these venues. 



 
Figure 5: Publication Channels of SGs in SE 

4.3.2 Quantitative Summary 

After this study’s analysis, the first point to be emphasized is that SGs in SE are still at a very 

early stage. As can be seen from the results presented in the previous section, most of the selected 

studies were published at conferences, and only 20.27% of the studies were published as journal 

articles, This parallels the situation observed in studies focused on gamification within SE, where 

only 7% made it to journal publications while 47% of the studies observed were published at 

conferences [78], Clearly, both SGs and gamification in SE are still navigating preliminary phases 

of research. However, SGs in SE research diverges from its gamification counterpart since only 

5.4% of the studies on SGs in SE were published in workshops, while 39% of studies on 

gamification in SE are published in these same venues [78]. This variance may be attributed to the 

promising nature of SGs within SE. It suggests that SGs in SE is an emerging field with considerable 

potential compared to gamification in SE, and that the SGs in SE studies published to date have 

already reached a level of maturity that enables them to offer comprehensive and substantial 

findings. 

Another interesting remark regarding SGs in SE studies revealed in Figure 6 is that the few 

papers that were published in the early 2000s were either solution proposals or validation research 

presenting preliminary results. In 2010, more validation papers were published than solution 

proposals and only one opinion paper was published. It was until 5 years later that SGs in SE 

gained great interest, and more various studies were published from all distinct research types. 

However, validation papers remained the leading research type followed by evaluation papers till 

the late 2020. This leads to an interesting conclusion that studies on SGs in SE are getting more 

mature and that this area presents a real trend that is about to soar. 

 
Figure 6: Research Type Yearly Distribution 



In addition, most invested research types regarding SGs in SE studies are validation and 

evaluation research, this reflects the growing interest that this topic gained not only in the academic 

world but also in the industrial one. Moreover, and as shown in Figure 7, starting in the year 2011 

and every other year, there were new SGs in SE focused on professionals rather than the solely 

sweep of academic-focused ones. It wasn't until 2016 that this new opening into the professional 

world became steady and increasing throughout the years. Although academia is highly research 

and discovery-focused. In contrast, the industry seeks a sense of immediate impact on scoped users 

under real-life constraints. This stresses the fact that SGs in SE have proven their impact in both 

educational settings with students, and training settings with practitioners and professionals in the 

industry. However, a total of 20.02% of analyzed studies did not provide information about the 

scope of their presented SGs. Further attention regarding this metric will help better identify the 

public market for SGs in SE and better encounter SGs that presumed users’ needs. 

 

 
Figure 7: SGs’ Focus Yearly Distribution 

Despite the expansion of both the focus and scope of SGs in SE, only a few studies reported 

explicit information about the pricing strategy of these SGs, to whom belong their intellectual 

property and their license nature. Although the studies reporting intellectual rights properties 

were each assigned to an academic institution [37] and a recognized company [79]. However, both 

were academic-focused and targeted students as their main scope users. In addition, both studies 

were in the Software Engineering Management knowledge area. The same applies to studies 

reporting their pricing strategy [79,80]. Given the fact that the very first publications regarding SGs 

in SE were in Software Engineering Management, and that the latter is the knowledge area with 

the most publications throughout the years and the one with the most comprehensive information 

regarding SGs in its SWEBOK area. This leads to the conclusion that SGs tackling this SWEBOK 

area are not only the first ones to be investigated among the other SGs in SE field, but also the ones 

with most popularity and the most mature ones.  

4.3.3 Research Questions 

In this study, our research questions are structured to comprehensively explore the landscape of 

SGs within the realm of SE. The Figure 8 below provides a detailed overview of the dimensions 



addressed by these questions and how they were methodically extracted from the literature or 

derived from established taxonomies.  

 

 
Figure 8: Visual Representation of Dimensions Addressed by Research Questions 

 RQ1. What SWEBOK software areas have been targets for SGs in SE? 

This research question aims to track the distribution of SGs in SE studies on the different 

SWEBOK areas and identify the main targeted areas by the identified SGs. 

As illustrated by Figure 9, Software Engineering Management was found to be the SWEBOK 

area with the most reported SGs in SE, which makes a significant 33.78% of the total selected SGs 

for this study, based on the number of papers displayed in the figure. This followed by SE 

Professional Practice which represents 13.51%, and 12.16% of SGs in SE studies tackling Computer 

Foundations. Moreover, SGs in the SE Process rank 4th with a rate of 10.81%, and studies 

addressing SGs in the Software Requirements area come 5th with a 9.45% ratio. In contrast, SGs 

studies in SE Models and Methods, Mathematical Foundations, and Software Maintenance, rank 

last with a minimum share of 1.35% each. According to these findings, a significant gap rises in 

SGs in SE studies that approach the latter’s targeted knowledge areas.  



 
Figure 9: SWEBOK Areas of SGs in SE 

 RQ2. How do Bloom's Taxonomy levels and game dynamics align in SGs for 

SE? 

This mapping was done using the game dynamics classification based on the game design metric 

proposed by Pendleton and Okolica [62]. According to this metric the achievement of every level 

of Bloom's taxonomy requires that the SGs implement a set of these dynamics while the assessment 

of the tendency of particular mastery levels in SGs for SE by identifying the levels of Bloom’s 

Taxonomy as applicable to these SGs through the LM-GM framework [64]. The latter is a 

classification based on Bloom’s ordered thinking skills which maps the corresponding Game 

mechanics and Learning mechanics to each mastery level. 

As shown in Figure 10, barely 44.82% of the total Game dynamics were reported in the selected 

SGs. Among this set, Teams rank first with a rate of 16.21%, followed by Realism with a rate of 

13.51%, and third come Competition and Limited Actions with an equal share of 6.75%. Given 

those results, we can conclude that a lot of Game dynamics are underused in SGs in SE and that 

further investigation should study their importance and impact on the learning/training of the 

players if implemented in SGs in SE. 



 
Figure 10: Game Dynamics of SGs in SE 

As shown in Figure 11, all levels of Bloom’s taxonomy were tackled in SGs for SE with different 

variations, depending on the difficulty of each level. The level that was most addressed by the 

selected studies is Applying, with a rate of 58.10%. Understanding comes second, being popular 

among 52.70% of the analyzed SGs. Evaluating ranked 3rd, with a representation of 44.59%. Next 

comes Analyzing, which was addressed in 39.18% of the studies. Fifth comes Remembering, with 

a rate of 37.83%. Creating ranked last with a share of 10.81%. 

 
Figure 11: Bloom’s Taxonomy of SGs in SE 

We can conclude that the contents of the SE subjects require higher Bloom’s Taxonomy levels. 

The reason why SGs in SE implemented even advanced levels of Bloom’s taxonomy, which are 

difficult to attain. However, it is crucial to foster higher-order thinking in SE players by building 

from lower-level cognitive skills. Along the same line, the study by Wankhede and Kiwelekar [81] 

suggests that the qualitative assessment of SE with Bloom’s Taxonomy should focus on Higher 

Order Cognitive Skills (HOCS). 



 RQ3. How are game-related approaches and learning mechanics implemented 

in SGs for SE? 

This question is going to be divided into three other sub-questions where we will be identifying 

in each the gamification elements, the Game mechanics, and the Learning mechanics derived from 

the former using the LM-GM framework [64].  

What are the gamification elements implemented in SGs for SE? 

In this question, we aim to assess the popularity rate of gamification elements among SGs for SE 

by grouping the latter by their implemented gamification elements. As illustrated in Figure 12, 

only 26 out of the 51 gamification elements of Marczewski’s periodic table [65], were reported in 

our set of selected SGs in SE. The most common gamification element was Points with a rate of 

41.89% among selected studies, followed by Progress/Feedback which is implemented in 35.13% 

of the SGs in SE, Time-Dependent ranked 3rd with a representation of 28.37%, followed by Time 

Pressure with a share of 25.67%, and 5th comes Level/Progression with a representation of 24.32% 

over selected studies. The fact that SGs in SE implement only 50.98% of the available gamification 

elements, represents a significant gap, limiting the comprehensive leverage from these 

technologies. 

In alignment with the findings of the mapping study by Pedreira et al. [78], our research indicates 

that within the context of SGs in SE, gamification elements exhibit notable patterns of adoption. 

Notably, the simplest gamification elements have prominently featured among the most frequently 

considered elements within SGs in SE, mirroring the trends observed in gamification contexts in 

SE. It is essential to acknowledge that the said gamification in SE systematic mapping identifies 

this particular tendency as potentially hazardous, as it may hinder the completion of the Gartner 

prediction. However, our study unveils a more nuanced landscape. Intriguingly, we observe a 

distinct prominence of time-dependent elements, which have emerged as leading components 

among gamification elements implemented in SGs in SE. This temporal focus suggests a 

conscientious integration of time-sensitive mechanics, potentially enhancing engagement and user 

experiences within the SE educational domain. Moreover, our investigation reveals that SGs in SE 

implement more comprehensive and diverse gamification elements compared to gamification in 

SE. While the implementation percentages of these diverse elements may be relatively modest, 

their presence signifies a concerted effort to optimize SGs in SE through well-informed and 

diversified gamification practices. 

According to Werbach and Hunter [82], gamification elements can be classified into Dynamics, 

Mechanics, and Components. Following this taxonomy, Narrative, Virtual economy, and 

Level/Progression fall under Dynamics. Moreover, Level/Progression, Challenges, Competition, 

Progress/feedback, Fixed Rewards, and Prizes are considered Mechanics. Last, Points, Badges, 

Leaderboard, Time-dependent, Time pressure, Unlockables, Level/Progression, and Quests are 

Components. This leaves Strategy, Learning, Customization, Development Tools, Theme, Flow, 

Innovative Platform, Investments, Anonymity, Voting, and Consequences unclassified. Given that 



the list of the gamification elements proposed by Werbach and Hunter [82] is roughly different 

from the one presented in Marczewski’s periodic table [65], and so is the way some common 

elements were formulated in both taxonomies. Level/Progression is categorized as a gamification 

Dynamic, Mechanic, and Component all at once, which contradicts the purpose of a taxonomy. 

 

 
Figure 12: Gamification Elements of SGs in SE 

What are the game mechanics implemented in SGs for SE? 

In this question, we aim to assess the popularity rate of game mechanics among SGs for SE by 

grouping the latter by their implemented mechanics. As can be seen in Figure 13, only half of the 

game mechanics were reported in the analyzed SGs. The most common game mechanics within 

selected SGs in SE is Role Play, with a rate of 27.02%, followed by Realism, which is implemented 

in 25.67% of the SGs in SE, Cut Scene/Story ranks 3rd, with a representation of 21.62%, followed by 

both Rewards/Penalties and Resource Management, with a share of 18.91% each, and 5th comes 

Tutorial, with a representation of 14.86% over selected studies. Just like gamification elements, 

game mechanics seem to be under-implemented in SGs for SE, which highlights a significant gap 

obstructing the full advantage of these technologies in improving SGs in SE. 



 
Figure 13. Game Mechanics of SGs in SE 

In the forthcoming paragraphs, we present illustrative examples of game mechanics observed 

within our mapped SGs in SE, while underlying the motivations and benefits associated with their 

implementation, elucidating the reasons behind their selection to enhance learning experiences 

among learners using these SGs. 

Kemell et al. [35] proposed an innovative board game teaching future project managers and 

software engineers the Essence Theory. This SG was considered reasonably realistic in simulating 

a SE project as it relied on role-playing. This feature was not only used to simulate the gameplay 

but also to make the SG more challenging. The players assume the roles of the project team 

members with one player acting as a project manager. However, to add an element of competition 

into the game, the role of “the son of the boss” was introduced. Thus, the player taking this role 

will be part of the project team, but will also seek to disrupt the project for his own benefit.  

Maarek et al. [83] presented the combination of SG design approaches they used in the co-

creation of a SG to investigate developer-centered security. According to this approach, an 

instructional tutorial was made in place for players to familiarize themselves with the gameplay. 

While so, the layout of the game elements taught players how to play, and directional heuristics 

helped direct players to specific game elements as they played. 

 Bell et al. [84] proposed a Halo-based SG called Secret Ninja Testing for software testing. They 

concluded that by hiding testing behind a short story and series of quests, Halo shields students 

from discovering that they are learning testing practices, making it easier to expose students to 

software testing at an early stage. They also stressed the fact that story designers could help 

improve the implementation of Halo for a course of SE and expressed their interest in further 

studying game design for this purpose.   

Longstreet and Cooper [85] proposed a meta-model for developing simulation games in higher 

education and professional development training. The player character takes on the function of the 

protagonist in the role of a SE student, who progresses through the game challenges acquiring 

rewards and/or penalties. There are also some game mechanics that can limit and/or motivate the 



player in their engagement with the challenges. These mechanics are timed and limited resources 

and competition with Non-Player Character (NPC) antagonist characters. The former teaches 

players to manage resources efficiently while the latter adds a layer of realism to this simulation.  

What are the Learning mechanics implemented in SGs for SE? 

In this question, we aim to investigate trends regarding the implementation of Learning 

mechanics within SGs for SE following the LM-GM framework [64]. Figure 14 shows that 40.62% 

of the adopted Learning mechanics in this study are not implemented in SGs in SE, and only 19 

Learning mechanics were reported in analyzed SGs. Simulation takes the lead with a rate of 65.62%, 

Action/Task comes second, with a rate of 37.5%, followed by Instruction, which is adopted in 

18.75% of the SGs in SE, Feedback and Reflect/Discuss rank 4th, with a share of 15.62% each, and 5th 

come Competition, Motivation, and Assessment, with a representation of 12.5% each over the 

selected studies. Similarly, to game-related approaches, SGs for SE overlooked Learning mechanics 

in their implementation, which highlights another significant gap obstructing the full advantage 

of these technologies in improving SGs in SE, especially in education and/or training settings. 

 

 
Figure 14. Learning Mechanics of SGs in SE 

Rodriguez et al. [77] measured the impact of ScrumGame on the learning experience and 

motivation of users. ScrumGame aims to assess Scrum concepts according to the knowledge level 

gained by the user along the game. It provides the player with a way to validate the concepts 

learned in an attractive and motivating way. The motivation here consists of all the internal 

determinants that stimulate actions and tasks to be carried out considering Scrum learning as the 

main aspect in addition to other soft skills such as presentation, communication, and teamwork. 

The authors also concluded that improving key concepts such as competition and anxiety 

management can provide better in-game psychological preparation thus improving furthermore 

the motivation value after playing the game.  



Calderón et al. [86] have proposed a SG for project management training named ProDec. The 

latter was developed to provide an automatic assessment of the player’s performance after 

gameplay. Simulating a software project execution and given that this SG is not a competitive one, 

it fostered reflection and communication among game players so as to work collaboratively to win 

the game. 

 RQ4. To what extent do SGs in SE take into consideration player profiles in 

their gameplay?   

In this question, we aim to distinguish what kind of player profiles have been addressed in SGs 

for SE, through implemented game-related approaches.  

We adopted the player profiles from Marczewski’s taxonomy [87] according to which there are 

6 player profiles. First, come Players who are the most willing to play among the rest of the player 

profiles. They will do what is needed for them to collect rewards from a system. They are in it for 

themselves. Second, come Socializers who are motivated by relatedness. They want to interact with 

others and create social connections. Then Free Spirits are motivated by autonomy and self-

expression. They want to create and explore. In the fourth place are Achievers who are motivated 

by mastery. They are looking to learn new things and improve themselves, but also want 

challenges to overcome. Then Philanthropists who are motivated by purpose and meaning. This 

group is altruistic, wanting to give to other people and enrich the lives of others in some way with 

no expectation of reward. While these last 4 profiles are less willing to play than the Player one, 

the player profile who is not willing to play is the Disruptor. In general, Disruptors want to disrupt 

your system, either directly or through other users to force positive or negative change. 

As can be seen in Figure 15, the Achiever profile ranks first with a rate of 48.64%, followed by 

Player by a slight difference of 1.35%, while Socializer comes 3rd, with a rate of 10.81%, followed 

by both Free Spirit and Disruptor with an equal share of 9.45%, and last comes Philanthropist, with 

no representation among selected SGs. Based on the Klock et al. literature review [88], just like 

player profiles from Bartle’s taxonomy, player profiles from the Hexad typology are not mutually 

exclusive and therefore each user is a composition of player types, and one or some of them are 

usually predominant. Moreover, according to the study by Echeverría and Jurado [89], the topmost 

three reasonable player profiles within an educational context would be Achiever, Explorer, and 

Socializer, while the least likely player profile in this same context is the Killer. Looking into the 

characteristics of the Killer player profile in Bartle’s Taxonomy [90], it corresponds to the Disruptor 

player profile in our study, which explains the low coverage of this player profile among SGs in 

SE. The Free Spirit player profile in our study can be seen as the same as Bartle’s Explorer [90], 

however, Marczewski [87] amplifies that players with Free Spirit profile both like to explore and 

create. It explains the low coverage of this profile among SGs in SE despite the fact that the Explorer 

profile is one of the predominant profiles in educational contexts and highlights the lack of induced 

creativity in SGs in SE that tended to preclude such low coverage. Also, regarding the Player profile 

in our study, the fact that the later ranked 2nd in our study just behind the Achiever profile may 

https://www.gamified.uk/2012/11/26/relatedness-the-often-ignored-glue-of-gamification/
https://www.gamified.uk/2014/02/24/gamification-games-different-thats-ok/
https://www.gamified.uk/2013/07/01/purpose-a-little-bit-can-go-a-long-way/


have to do with Marczewski [87] loosening up the players’ profiles to the point that a Player might 

at the same time be an Achiever if that helps him get rewarded. 

 
Figure 15: Player Profiles of SGs in SE 

According to these results, and although SGs can support multiple players’ profiles at once, we 

can still conclude that most SGs in SE heavily target players with the profile of Achiever, and 

Player, while other profiles can be underrepresented or not represented at all among these games. 

This is a limitation of SGs in SE as developed SGs will not be comprehensive when it comes to the 

variety of player profiles that they support. Given that these users’ predominant player profiles 

may not always be among most aforementioned targeted player profiles, many players can find 

the game uninteresting or fail in the game for the simple reason that their predominant player 

profile is not supported in that game.  Considering that the predominant player profile is indeed 

one of the targeted profiles in these SGs, as stated by Klock et al. [88], suggesting game elements 

based solely on a dominant player type, is likely to induce misunderstandings and inaccuracy. 

4.3.4 Main findings 

In this section, we provide more in-depth analysis results, and we describe the main gaps in the 

literature alongside highlighting our contribution and the limitations of our study. We also 

prepared Table 11 in Appendix B, which provides a comprehensive list of the SGs identified in our 

study with insightful information that can help SE students, practitioners, and teachers identify the 

SGs that may serve best their interests. 

 SWEBOK Areas 

Our mapping study revealed that there is a growing trend to use SGs in SE. This trend extends 

to covering more SWEBOK areas throughout the years. The Bubble chart in Figure 16 shows the 

growth of these different knowledge areas covered by SGs in SE over time. The first SWEBOK area 

tackled by SGs in SE is Software Engineering Management which goes back to the year 2000. From 

the mid-2000s to 2010, only three studies were invested in SGs in SE, and each of them covered one 

distinct SWEBOK area. These covered areas were Software Engineering Process, Software 

Engineering Management, and Software Design respectively. It wasn't until early 2010 that a 

growing interest in SGs in SE occurred and this time, in addition to Software Engineering Process 

and Software Engineering Management, more SWEBOK areas such as Software Quality and 



Software Testing were approached. However, until 2015, Software Engineering Process and 

Software Engineering Management kept being the areas most covered by SGs in SE. From 2015 

upward, more attention was brought to SGs in SE, and far more SWEBOK areas were covered by 

these trending studies. To this date, Software Engineering Management, alongside Computing 

Foundations and Software Engineering Professional Practice keep being the most invested in 

SWEBOK areas by studies in SGs in SE. 

 
Figure 16: SGs SWEBOK Areas Yearly Distribution  

 Bloom’s Taxonomy  

Knowing how to use Bloom’s taxonomy to compare the knowledge and skills acquired in SE 

courses to the breakdown of SWEBOK's areas is highly needed [91].  In this light, although games 

can help students to strengthen the theoretical concepts learned by traditional teaching, according 

to an SLR by Garcia et al. [92], most games establish learning objectives by considering the first 

rung of Bloom's taxonomy. However, according to our study, and as previously illustrated in 

Figure 11, Remembering was the penultimate learning levels among studied SGs in SE, while the 

higher rungs of Bloom’s taxonomy were more addressed by these studies such as Applying and 

Understanding followed by evaluating and analyzing.  



 
Figure 17: SGs Bloom Taxonomy’ SWEBOK Distribution 

As illustrated in Figure 17 above, no SG combines all learning levels of Bloom’s taxonomy. Only 

three SGs in three distinct SWEBOK areas tackled five out of the six learning levels of Bloom’s 

taxonomy. The corresponding SWEBOK areas of these SGs are Software Engineering Professional 

Practice, Software Engineering Management, and Software Design, which happen to be knowledge 

areas in which over 75% of found SGs address at least one learning level. Moreover, those 

knowledge areas rank right after Software Requirement which is the only one in which all SGs 

within its scope cover at least one learning level each. Furthermore, Software Quality appears to 



be the SWEBOK area with the least coverage of Bloom’s taxonomy. The Survey results by Alarcón 

et al. [93] show that the latter is the most difficult and complex knowledge area among SWEBOK 

areas. This can explain the low number of SGs found under this knowledge area and the fact that 

only one of the two reported SGs tackled one Bloom’s taxonomy only, and that the Bloom level in 

question was Evaluating, which is a high level of Bloom’s taxonomy and thereby conforms to the 

complexity of this knowledge area. Therefore, it is a critical and urgent gap within SGs in SE, which 

requires further attention. 

 SGs’ Key Elements, Mechanics, and Dynamics 

Since investigating and modeling methods and tools for an effective and thorough infusion of 

learning pedagogy inside SGs through pedagogical theories and approaches is highly encouraged 

[94], Lim et al. [64] designed the LM-GM framework, which provides insights into the pedagogical 

and gaming patterns of a game. This framework addresses the process of identifying Game 

mechanics that pair well with particular Learning mechanics in the creation of digital SGs based 

on their common Bloom’s classification [95]. Since SGs can be considered a continuous assessment 

of gained knowledge as the player proceeds from level to level, the use of such taxonomy to link 

commonly found Game mechanics and Learning mechanics is logical. Following the same logic, 

Pendleton and Okolica [62] mapped ideal Game dynamics and Game mechanics, targeting new 

game designers to empower them to have a much greater level of effectiveness in designing SGs 

with playable mechanics and well-integrated learning objectives. From a different perspective, 

Werbach and Hunter [82] proposed in the six steps to gamification (6D) taxonomy a hierarchy of 

game elements using Dynamics, Mechanics, and Components. In this classification, the top of the 

hierarchy is composed of dynamics, which are the abstractions related to the task being gamified. 

These dynamics are used to create the motivation to perform the task and manifest through 

mechanics. Mechanics are the processes used to drive user actions and are presented through 

components. Finally, these components are extrinsic rewards and feedback features. This 

presented taxonomy, however, does not provide clear strategies on how to properly combine these 

elements [96]. At the same time, we have the GAME framework by Marczewski [65], which 

provides an extensive periodic table of 52 gamification elements divided by 6 player profiles. 

Within this taxonomy, these gamification elements may work better depending on the users’ player 

profile. However, gamification frameworks nowadays are no longer a novelty. 

Our findings cast a new light on gamification elements, game mechanics, learning mechanics, 

game dynamics, and the different roles they play in the SGs sample we analyzed. There are studies 

focused on reimagining the classroom or lesson layout, where game elements promote engagement 

and fun to keep students motivated to learn. While other studies focus on gamifying the learning 

topic itself, inducing students to apply or develop new skills to achieve better performance at the 

meta-game or to move the narrative forward, therefore promoting a change in the learning.  

As shown in Figure 18 bellow, the gamification elements and Game mechanics were more 

recurrent in our sample, while the Game dynamics and Learning mechanics were under-



investigated which makes them good opportunities for future research on SGs in SE education 

and/or training. 

 
Figure 18: SGs Elements' Yearly Distribution 

 Player Profiles 

In accordance with the results showcased in the previous section, and although SGs can support 

multiple players’ profiles at once, Figure 19 illustrates how most SGs in SE heavily target players 

with the profiles of Achiever and Player both combined or separately. While only 9.45% of SGs 



tackle 3 player profiles at once, and nearly 5.40% target 4 player profiles at once. Still, the 

Philanthropist player profile was absent in all SGs studied.  

In previous work, Gustavo et al. [97] analyzed the correlations between the participants’ scores 

in each of the Hexad user [87] with their scores on each Big Five personality trait [98], and they 

found positive correlations between all Hexad user types with the expected game design elements, 

except Philanthropist. In light of these results, this study stressed the need for further studies 

regarding the Philanthropist user type not only for SGs in SE but in game design in general. The 

same data by Gustavo et al. [97] suggest that the four user types based on intrinsic motivation – 

Philanthropist, Socializer, Free Spirit, and Achiever – are similarly common as the main user types 

with a distribution percentage of 24%, 19%, 22%, and 23% respectively. The Player type was 

reported to be half as common as any of the intrinsic types, making a percentage of 10% among 

this study’s participants. Finally, the Disruptor type was reported to be the least common if not 

absent as the main user type with a poor distribution percentage of 1%. However, according to our 

study, Achiever and Player are the most common player profiles in SGs in SE, followed by 

Socializer, Distributor, and Free Spirit.  

The contrast between our study results and Gustavo et al. [97] suggests that the user’s types 

distribution for players in SE field is different than the one of general players proposed by the 

former study. Such difference in player’s type distribution between these studies can be due to 

some unique traits of players in SE field that distinguish them from the general players. In this 

regard, further research should be carried out to investigate in-depth player profiles for SGs in SE. 



 
 

Figure 19: SGs Player Profiles’ SWEBOK Distribution 

4.3.5 Success factors and challenges for future research 

This section isolates the success factors of SGs that had an encouraging impact on the gameful 

SE learning experience and compare the finding with the shared SGs success factors previously 

discussed by Ravyse et al. [99]. Additionally, we discuss challenges observed in the selected studies 

and address the open issues highlighted in the previous section, proposing valuable areas for 

future research. 



There is an abundance of factors that make learning with SGs successful [100]. However, 

research papers dealing with these factors tend to focus on selected elements of SGs and do not 

combine all of the salient factors for successful learning with SGs. The study by Ravyse et al. [99], 

analyzed existing academic literature from 2000 to 2015, and extracted shared SG success factors 

that have had an encouraging impact on gameful learning experiences to reveal 5 core SG themes, 

that require thoughtful deliberate intertwining with pedagogical content to ensure the successful 

learning of SGs players. (1) Back story and production, refers to the storyline and game-world 

players encounter and expectantly immerse themselves in as they play the game. (2) Realism, 

stipulates how close a game under scrutiny replicates or resembles real life. (3) Feedback & 

Debriefing, which refer to both: in-game feedback experience through a variety of in-game rewards 

and NPC interactions, and post-game debriefing and reflection sessions which ultimately elucidate 

the learning material and place the game-learning experience into a greater context. (4) AI & 

Adaptability, refers to what is broadly considered as an unscripted game response to player 

activity, and they influence SGs on two fronts: (a) adjustment within the game through agents; and 

(b) adjustment of the game itself by means of adaptivity. (5) Interaction, which sets SGs apart from 

other forms of edutainment by requiring user input and responding accordingly within the 

gameplay, in turn instigating the next player action and continuing in a repeated player game 

feedback loop. 

As illustrated in Figure 20, Backstory & Production is the top-rated success factor among SGs in 

SE with a rate of 45.94%, second come both Realism and Feedback & Debriefing, with an equal 

share of 28.37%, followed by AI & Adaptability, with a rate of 22.97%, and last Interaction that was 

reported in 14.86% of SGs in SE studies.  

 
Figure 20: Success Factors of SGs in SE 

In the study by Schiller et al. [116], ten user experience tests were conducted during the 

implementation of the user-centered game called ENC#YPTED. The early involvement of potential 

users during the development process was deemed an important factor in the successful 

implementation of the SG due to user feedback. Aside from the early involvement of potential 

users, and the call for further research to determine and possibly optimize the actual learning 

success of the SG, several SG’s success factors were identified according to Ravyse et al. [99] 

adopted taxonomy. First comes Realism on which the design concept is based to enhance 

immersion and control the attention of users during the game. To make the SG even more 



immersive, AI was used to induce a psychological conflict in the SG. In this vein, two game 

characters were developed. One of them is an NPC impersonating the pirate and the other one 

embodied the player. The application was iteratively improved and refined according to user-

centered development through user experience testing, proving that Adaptation creates a high 

level of usability. Last, Backstory & Production were also stated in this study, and all respondents 

to the UX tests enthusiastically stated that they found the application to be an exciting simulation 

due to its dystopian story. 

Through our analysis, we revealed that no SG in SE combines all five success factors by Ravyse 

et al. [100]. Moreover, we reported that the most implemented success factors among SGs in SE are 

Backstory and Production, followed by both Realism and Feedback & Debriefing. Third rank AI & 

Adaptability, followed by Interaction.  

Although the Interaction factor is what sets SGs apart from other forms of edutainment, it is the 

success factor with the least representation over SGs in SE according to our results, which makes 

it a real gap that needs further investigation, especially since a recent study by Dimitriadou et al. 

[101] stress the need of SGs to be interactive in order to be engaging and provide “individualized 

feedback for learners”. In the same vein, the study by Iten and Petko [102] concludes that the key 

to success when teaching and learning with SGs, is the combination of ‘fun’ and ‘engagement’, 

which covers not only emotional engagement but also behavioral and cognitive engagement. 

However, reference was made to the need for strong data to support success when it comes to 

educational SGs [101]. In this vein, future studies should address closely the success factors of SGs 

in SE, validate them with support data, and investigate if there is any particularity about the 

success factors of SGs in SE that distinguish them from the ones of other SGs. In the light of this 

statement by Dimitriadou et al. [101], Daoudi et al. [103] proposed a success-oriented model based 

on the emotional states of learners and different features of the SG, which consists of Success 

Indicators and Success Factors. These indicators are supposed to indicate the success degree of the 

game-based learning environment and are impacted by success factors. In the proposed simulator, 

the Success Factors will represent the input while the Success Indicators will represent the output. 

A multi-agent-based simulator, which would be able to predict the impact of operating a SG on 

classroom teaching was developed and tested. Findings show that the simulator gives results close 

to real feedback which helps teachers to predict the impact of adopting SGs in a particular learning 

process by analyzing the resulting learner’s emotions. Further extension of the proposed simulator 

by considering other success indicators and factors was proposed for future work in this paper. 

Empirical studies supported by the simulator could be performed to determine the most impactful 

success factors, which could drive the design of the new generation of SG in SE. Given the strong 

data support of the former study, the Success Indicators and Success Factors proposed may thereby 

be more interesting than the success factors proposed by Ravyse et al. [100] for future work. 

Aside from being one of the success factors of SGs, AI was reported to be an important 

component of game technology if not the core of SGs [104]. Still, despite the potential of AI, our 

study found that only 17.56% of SGs in SE support AI within their gameplay. This AI integration 

mainly covered three key components: Player Experience Modelling (PEM), Natural Language 



Processing (NLP), and advanced NPC modeling. These areas are considered to be among the finest 

and biggest game AI research according to the study by Westera et al. [105]. This same study 

suggests that the relevance of the aforementioned AI components for SGs is easily explained by 

the pedagogical frame of teaching, which assumes a teaching agent (cf. NPC) that frequently 

probes and assesses the learner’s mental states (cf. PEM) and, when needed, engages in supportive 

dialogue with the player (cf. NLP) to provide guidance or feedback.  

According to our study, among the games that reported the use of AI, 76.92% do implement 

NPC within their gameplay to challenge players, assist game storytelling, and be one solution in 

multiplayer games while live opponents are not available. NLP was under-investigated among 

studies SGs as only 15.38% of these games do support NLP, given that pedagogical SGs still 

replicate the framework of traditional games, in which the trainer usually does not exist, these 

algorithms are generally used to support players’ interactions with the game [106].. Last, none of 

the studied SGs in SE tackled PEM. This may be due to the ethical issues arising by Westera et al. 

[105], regarding creating detailed user profiles and having them analyzed with advanced 

algorithms that may uncover sensitive personal traits, behaviors, preferences, capabilities, and 

opinions.  

However, aside from the aforementioned AI fields, from the wider domain of AI, various 

additional high-potential game AI concepts and technologies will continue to foster and innovate 

the domain of serious gaming, opening up many new possibilities. The Artificial Intelligence in 

Education (AIED) for instance, can make use of AI to promote instructive gameplay, manage the 

level of challenge of the user experience, provide scaffolding selectively where needed, and 

support learners in their efforts to reflect on their play and improve their skills [107]. By the same 

token, the Dynamic Difficulty Adjustment (DDA) seeks to adapt the challenge a game poses to a 

human player and has shown that when implemented within SGs, can substantially decrease the 

time a human player has to wait for suitable game levels [108] which affect positively the user 

experience and th(e learning curve of the player. Furthermore, various additional high-potential 

game AI areas can upscale SGs in SE and deserve further attention. Yannakakis and Togelius [109] 

identified a few which include procedural content generation that allows creating design-tailored 

game content, the computational narrative that helps optimize procedures for game storytelling, 

event generation, and generating sequences of game events, and AI-assisted game design to 

support creative game design and the development of SGs. 

4.3.6 Recommendations Based on Findings 

In light of our comprehensive analysis of existing SGs in SE, we present practical 

recommendations to guide the development of future games. These insights aim to enhance the 

effectiveness and engagement of SGs tailored to both educational and industrial settings in SE. 

1. Contextual Adaptation: While many SGs are designed for SE students within a university 

context, there is a need for games tailored to SE practitioners in the industry. These games should 

consider the unique constraints and interests of professionals, such as time limitations and specific 

industry needs.  



2. Assessment of Importance and Impact: Not all underrepresented SWEBOK areas necessarily 

require more games. According to the same logic, even if certain SWEBOK areas appear saturated 

with games, they may not adequately address the industry's requirements. Therefore, it is crucial 

to evaluate the significance and impact of each SWEBOK area within both educational and 

industrial settings before developing new games. Our mapping study highlighted that areas such 

as Software Quality, Software Testing, and Software Design, despite some coverage, still present 

significant opportunities for further development of SGs. Based on the growing trend and our 

findings, developers should focus on creating SGs for these underrepresented yet vital SWEBOK 

areas. This effort could help bridge specific gaps in both educational curricula and industry 

requirements. Additionally, developers should consider which levels of Bloom's taxonomy are 

most appropriate for each setting to avoid creating overly complex games that might overwhelm 

users. For example, foundational knowledge might be targeted with simpler SGs, while advanced 

topics could leverage more complex game mechanics. 

3. Generational Differences and Game Familiarity: When designing SGs for industry 

professionals, it is important to account for generational differences in gaming experience. Many 

senior practitioners might not be as familiar with video games as younger students. Therefore, 

games targeting industry professionals should have simple, intuitive gameplay to ensure 

accessibility and avoid intimidating less experienced players. 

4. Accurate Representation of Player Profiles: Our study suggests certain trends in targeted 

player profiles, but these may not accurately reflect the actual demographics within SE. Most SGs 

in this field were designed intuitively, without a formal framework incorporating player profiles. 

We recommend conducting player profile tests with a sample of the target audience to better tailor 

game mechanics to their preferences and needs. When reflecting the results of personality tests in 

SE from the study conducted by Gulati et al. [110] on Marczewski’s taxonomy, it becomes apparent 

that specific player profiles align well with certain roles within the SE field. Based on the 

personality traits and player profiles, we recommend the following alignments for various SE jobs: 

(1) For designers and developers, who predominantly exhibit ISTJ (Introverted, Sensing, Thinking, 

Judging) and INTJ (Introverted, Intuitive, Thinking, Judging) personality traits, the recommended 

player profiles are Achievers and Free Spirits. Designers and developers often demonstrate a 

strong motivation for mastering their craft, overcoming challenges, and continuous self-

improvement, which aligns closely with the Achiever profile. Additionally, these roles frequently 

require a high degree of creativity and autonomy, particularly among developers who value the 

freedom to explore and innovate. Thus, the Free Spirit profile is also highly suitable. (2) Analysts, 

characterized by Extrovert NT (Intuition and Thinking), NF (Intuition and Feeling), and INTJ 

personality types, should align with the Socializer and Achiever player profiles. Analysts, 

especially those with Extrovert NT and NF traits, thrive on interactions and collaboration, fitting 

well with the Socializer profile. The INTJ analysts, being detail-oriented and driven by a desire for 

mastery, align with the Achiever profile, as they strive to enhance their analytical skills and tackle 

complex problems. (3) For architects and testers, who exhibit high extroversion and 

conscientiousness, the recommended player profiles are Socializers and Achievers. Architects often 

engage with various stakeholders and work collaboratively, making the Socializer profile 

appropriate. Testers, who need to be meticulous and aim for high-quality standards, align well 



with the Achiever’s motivation for mastery, as their roles require detailed attention and a 

commitment to excellence. (4) Presenters, who display high agreeableness, are best suited to the 

Philanthropist player profile. Presenters are often motivated by helping others and creating 

positive experiences, which matches the altruistic nature of the Philanthropist profile. Their 

cooperative and friendly disposition makes them well-suited to roles that involve enriching others' 

lives without the expectation of personal gain. (5) Pair programmers, characterized by open-

mindedness, should align with the Free Spirit player profile. The nature of pair programming 

benefits from individuals who are open to new ideas, flexible, and innovative in their approach. 

This aligns with the Free Spirit profile, which values autonomy, creativity, and self-expression. In 

addition to the specific roles, certain player profiles can be beneficial across various SE roles. For 

instance, Disruptors, although not explicitly linked to specific roles, can drive innovation and 

positive change in research and development or roles focused on improving existing systems. 

Additionally, roles incorporating gamified elements or direct rewards might attract Player profiles, 

even though these roles were not specifically highlighted in the personality test results. 

5. Utilizing Formal Frameworks: We advocate for the use of formal frameworks in SG design. In 

our recent work [111], we proposed a framework that guides educators and game experts through 

a collaborative process to design SGs. This framework ensures the incorporation of appropriate 

learning and game mechanics for the intended Bloom levels and aligns the game with the target 

player profiles, thereby enhancing both engagement and effectiveness. 

4.4 Validation 
Our study applies the Resonance Scheme [112] to systematically analyze the impacts and 

contributions across several dimensions. This methodological approach, as detailed in Table 4, 

categorizes our study's contributions distinct categories. These include Synthesizing (SYN), which 

involves summarizing and organizing existing literature by time trends (SYN-T), venues (SYN-V), 

and classification of existing frameworks (SYN-C) to establish an order and transparently relate 

research contributions to each other, our study also employs Aggregating Evidence (AE) to extract 

and evaluate empirical evidence, focusing on the soundness of empirical study conduct (AE-I). 

Additionally, our study contributes to Theory Building (TB) by introducing categorization 

frameworks (TB-C), and proposing new model constructs (TB-M). We also highlight Identifying 

Research Gaps (RG), emphasizing forward-oriented knowledge development by pinpointing 

domain voids (RG-D) and deficiencies in empirical evidence (RG-E) that warrant further 

investigation. Moreover, our Research Agenda (RA) offers actionable recommendations for closing 

research gaps (RA-S), supporting strategic decisions in SE, and suggesting specific empirical 

settings (RA-E) to guide future research. Finally, we engage in Criticizing (CRI) by identifying 

logical or conceptual (CRI-C) issues, and problematizing assumptions (CRI-A) to foster rigorous 

advancement within the SGs in SE research domain. Each category aligns with components of the 

Resonance Scheme, validated through consultation with the schema's authors to ensure accuracy 

and reliability in characterizing our study's contributions. 

 



SYN AE TB RG CRI RA 
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Table 4: The Expected Resonance 

4.5 Our Contribution 
In this section, we highlight the distinctive contributions our study brings to the understanding 

of SGs in the realm of SE. Our analysis has revealed several key aspects that hold significant 

implications for educators, students, and SG designers alike. The essence of our findings and their 

potential impacts on these crucial stakeholders are encapsulated as follow: 

- Crossed Classification of SG in SE based on Bloom's Taxonomy Levels and Learning 

Mechanics: Educators gain insights into the educational levels targeted by each SG, 

helping them match games with specific learning goals. Students benefit from a more 

tailored educational experience, and SG designers enhance their ability to align game 

elements with desired learning outcomes. 

- Derived player profiles classification of SG in SE based on game-related approaches: 

Educators can identify SGs that cater to diverse player profiles. Students can identify SGs 

that incorporate their player profile for a better personalized and more immersive gaming 

experiences, and SG designers can receive guidance on player preferences and 

characteristics for future game development. 

- Proposal of Success Factors for SGs in SE: Educators gain insights into the factors 

contributing to the effectiveness of SGs in SE education, enabling them to optimize 

teaching strategies. SG designers learn about domain-specific success factors, guiding 

them in creating more impactful games. 

- SGs in SE catalog as a Resource: Educators receive a practical resource in the form of 

detailed tables, facilitating the selection of SGs based on specific learning objectives in SE 

courses. 

Overall, the study addresses a gap in the existing literature and presents novel insights that even 

the authors of the mapped SGs may not have been previously aware of, ensuring that SGs in SE 

are systematically examined and categorized for the benefit of educators, students, and SG 

designers. The insights from our study not only categorize existing SGs but also lay a foundation 

for future innovations. The section preceding offers practical guidance for SG designers to adapt 

games to industry/education needs, assess SWEBOK area relevance, consider generational 

differences in gaming experience, accurately represent player profiles, and utilize formal 

frameworks for effective game design. This approach ensures that our study’s contributions are 

comprehensive and forward-looking, bridging the gap between current understanding and future 

advancements in SGs tailored for SE education and industry applications. 



4.6 Threats of Validity 
This section presents the measures taken to mitigate the threats to validity. We mitigated these 

threats concerning the construct, internal and external, and conclusion threats [113]. 

Construct validity. This threat concerns the measures that ensure we followed proper operational 

instructions that support the statements in which research questions are investigated. It consists of 

mitigating the risks that could prevent our SMS from investigating what it claims to be 

investigating. The inclusion of improper terms in the search string we used in the automatic search 

may cause the exclusion of some studies. We followed the guidelines described in [59,61,67] for 

constructing the appropriate Search terms This measure also attenuates a gap between the 

keywords of potential studies and our search string. We also consider an extensive list of search 

engines related to the field of research, to mitigate the risk of venue inaccessibility. Furthermore, 

non-peer-reviewed materials, or the so-called gray literature—such as patent specifications and 

technical reports, which are typically absent from scientific review processes but sometimes 

included in multivocal systematic literature reviews—were excluded from the selection process. 

We followed a rigorous search protocol for systematic mapping studies to maximize the inclusion 

of relevant papers and avoid including studies [61]. These guidelines define the creation of 

inclusion and exclusion criteria and a multi-step filtering process for selecting primary studies. We 

added to this process the snowballing methodology to increase the coverage of our search and 

minimize the possibility of a relevant paper not being indexed in the search engines employed in 

our SMS. According to Petersen et al. [59] and Kitchenham and Charters [61]the combination of 

manual with automatic searches based on keywords helps cover possible gaps present in the search 

string terms. The usage of this rigorous and systematic methodology also mitigates any threat 

concerning the possibility of the definition of improper inclusion and exclusion criteria and the 

adoption of an incorrect search method. However, we acknowledge a potential threat to construct 

validity in our search strategy: the decision not to include broader synonyms for "serious game" 

such as "game" was made to avoid an unmanageable number of results. Our validation process 

showed that including the term "game" resulted in a substantial number of irrelevant papers 

focused on game design, game development, game theory, or general gaming—topics far removed 

from our research objectives. This significant noise (98.96% irrelevant papers) demonstrated that 

including "game" in the search string did not provide a meaningful benefit but instead introduced 

substantial inefficiencies. Therefore, we concluded that sticking with "serious games" alone is a 

more efficient and effective strategy for our study, ensuring a focused and manageable dataset 

while still capturing the most relevant research. Nonetheless, it is possible that some relevant 

papers were missed. This is a common threat in systematic reviews and has been considered in our 

validity assessment. Although we have not reviewed all the additional articles, we believe that the 

conclusions would likely remain the same or similar. Certainly, while not all additional articles 

have been reviewed, it is anticipated that the conclusions would likely align or maintain similarity. 

It should be noted that a replication of this secondary study, feasible only within a specialized 

domain with expert-led investigations, did not yield identical papers. However, the overarching 

conclusions drawn remained consistent [114]. 



Internal validity. This category of threat mitigates whether the data used to ascertain conclusions 

are internally valid. Thus, reducing the risks of deriving results from inadequate data. As a 

measure, only one author conducted the selection and filtering process, and two other authors 

assisted in decision-making when doubts arose about the application of the inclusion and exclusion 

criteria. During the studies’ selection, in the case neither the title nor the abstract present enough 

details to consider the study for inclusion in the next step, the author responsible for the filtering 

process also read the integrity of the articles. This conduction can threaten the validity of the 

inclusion of studies due to the authors’ subjectivity in the primary studies’ selection. To mitigate 

this problem, and standardize the application of the criteria, a round of cross-validation was 

carried out with two other authors. Moreover, the selection was guided by rigorously defined 

inclusion and exclusion criteria. To reduce the errors produced by the fatigue effect, two hours was 

established as the time limit for holding the review sessions. Another threat to internal validity is 

the presence of duplicate studies. The author in charge of the filtering process identified duplicated 

studies using the JabRef tool. This tool matches studies in duplicate by title. In the case of matching 

results, the author removed the duplicated ones after checking the abstracts of both studies. 

Subjectivity could be another threat happening when planning and executing due to the length of 

this study. As we were so immersed in the work that objectivity could be thought of as an issue. 

To mitigate this, we used Petersen et al. best practices checklist [59] to check our work as illustrated 

in Table 10 from Appendix A. 

External validity. This category of threat deals with risks concerning the generalization of the 

findings of this study [113]. For instance, the inaccessibility of papers could jeopardize the 

representability of our sample. The university guaranteed access to the articles used in this 

research, turning the paper inaccessibility a reduced risk. Another threat to external validity is the 

range of years that the inclusion criteria considered to select potential study candidates. The upper 

and lower bounds could lead to the exclusion of relevant studies. We did not define any time 

constraint to retrieve potentially relevant study candidates in search engines. 

Conclusion validity. The main conclusion validity threat is the data collection. Since we do not 

know how the digital libraries’ search engines work, we run the risk of getting different results for 

each search (even because libraries can index new articles daily). Therefore, we ran the search string 

and, to eliminate the possibility of changes to the list of papers returned by the digital libraries, 

stored the returned studies in a bibliography management tool for later analysis and data 

extraction. To mitigate the issue of data extraction, we decomposed the research question and 

structured a spreadsheet workbook as a form to receive the data necessary to answer the research 

question, as recommended in [59]. In this way, we know precisely what we want to extract from 

the papers and how to store the extracted data in an organized way. Classifying and analyzing the 

selected studies correctly was a constant concern during this research. For this, we dedicated a 

significant effort to examine the relevant studies. After the analysis, we focused on avoiding the 

fishing problem as recommended in [115]. Consequently, we did not assert conclusions before 

analyzing the results. For this, we formulated the study conclusions only after examining the 

results we collected. 



4.7 Conclusion 
This chapter presents a comprehensive mapping study focusing on SGs in the realm of SE. 

Notably, no prior mapping study has specifically explored the same concerning SGs in the field of 

SE. Through a systematic analysis of the included papers, this study presents novel insights that 

even the authors of the mapped SGs may not have been previously aware of. For each SG, we 

deduced the levels of Bloom's Taxonomy based on the covered gamification elements and game 

mechanics and identified the learning mechanics by analyzing the incorporated game dynamics. 

Furthermore, the study provides a comprehensive list of targeted player profiles for each SG, based 

on the gamification elements and game mechanics utilized. Notably, the success factors for SGs in 

SE were found to demonstrate distinct tendencies compared to general SGs, indicating unique 

characteristics that contribute to their effectiveness as educational tools within the SE domain. In 

addition to the research findings, this chapter offers detailed tables listing all the identified SGs, 

which can serve as a valuable resource for educators seeking to utilize SGs for specific learning 

objectives in their courses. The challenges identified in this study provide valuable insights for 

developers aiming to create effective SGs tailored for SE education. Overall, this mapping study 

contributes to the understanding of SGs in SE, shedding light on their design, alignment with 

educational objectives, and potential impact on learners. The findings open avenues for further 

research and innovation in the integration of SGs in SE education, fostering a more effective and 

engaging learning experience for students. For future research on SGs in SE, a greater presence in 

journals should be considered and more attention should be paid to AI, player profiles, and 

Bloom’s taxonomy. More evaluation research should be carried out in order to validate the 

perceived benefits of these SGs, and evaluate the success factors of SGs in SE. Moreover, given the 

lack of a systematic approach to gamifying SE education, we believe that further research should 

investigate a systematic methodology for incorporating gamification and SGs into SE education. 

Furthermore, since no statistics were reported in the identified papers regarding the popularity of 

SGs in SE among different genders, further research should investigate whether or not women are 

less interested in SE’s SGs.  

 

 

 

 

 

 

 

 

 

 



5 
CHAPTER 2: Impact of Instructor 

Expertise with Serious Games on 

Software Engineering Student 

Performance 
 

5.1 Introduction 
Investigating the benefits of SGs in education, a previous study identified Problem-Based 

Learning (PBL), cooperative learning, realism and immersion, motivation and competition, and 

interaction and feedback as their main benefits [14]. Another study claimed that SGs have a positive 

impact on players’ skills development [116]. A more niche-down study in SE education highlighted 

that the use of SGs had benefits for both students and educators. It helped in increasing students' 

scores and incorporating novelty in educators’ teaching approaches [25]. Furthermore, in the 

context of project management within SE, SGs provide a risk-free environment for learning, 

allowing students and practitioners to develop crucial skills, solve problems, and acquire new 

abilities [117]. As the SG market continues to expand, with the educational category gaining 

prominence, it is worth exploring the realm of SGs in the context of SE education, investigating 

their impact on both students and educators offering valuable insights into the potential of this 

teaching approach. 

5.2 Methodology 
This section describes the methodology used to design and carry out an experiment in SE 

education with undergraduate students as subjects. The aim of this study was to implement SGs 

in a SE course during its theoretical sessions and to determine the impact of this teaching strategy 

on students’ final scores, exam attendance, chance of passing, and overall perception regarding 

SGs.  



This study follows the principles used to perform experiments described in [115]. Moreover, it 

was planned through the GQM (Goal, Question, Metric) paradigm [118], which is composed of 

four steps: Planning; Definition; Data Collection; and Interpretation. 

- Goal: to investigate the SGs' impact on students’ academic results. 

- Question: when implemented in a SE undergraduate course, does SGs usage improve 

students’ academic achievement in a software project management course? 

- Metric: students’ academic data. 

- Object of study: undergraduate SE students. 

- Purpose: to evaluate the improvement of students’ academic results. 

- Focus: investigate the introduction of SGs in SE undergraduate course. 

- Perspective: from a neutral and unbiased standpoint 

- Context: at the undergraduate SE course level 

5.2.1  Hypothesis 

A set of SGs within a SE course was implemented to evaluate the impact that SGs have on students’ 

academic achievement. The following hypotheses were investigated: 

- H1. Students achieve better final scores when SGs are used. 

- H2. The chance of passing is higher among students enrolled in courses that employed SGs 

compared to those enrolled in courses with a traditional approach.  

- H3. The chance of attendance at the final exam is higher among students enrolled in courses 

that employed SGs compared to those enrolled in courses with a traditional approach.  

- H4. Students express satisfaction with the use of SGs, irrespective of their teachers' 

experience in incorporating SGs into their lectures. 

Hence, one dependent continuous variable (Test Score) for H1, one dependent dichotomous 

variable (Passing) for H2, one dependent dichotomous variable (Attending) for H3, and three 

independent dichotomous variables (SGs2013_14nSGs, SGs2021_22nSGs, and 

SGs2013_14SGs2021_22) for H1, H2 and H3 were defined. 

Student satisfaction (H4) was assessed through teaching diaries. We asked the teaching group to 

write a diary at the end of each semester on their students’ perceived satisfaction regarding the 

SGs used. In particular, professors asked students to critically discuss in the last 30 minutes of the 

last lecture whether the SGs helped to motivate the students, improved their learning or enhanced 

their learning experience. No standardized questions were elaborated. Professors asked students 

the same question: "what is your opinion on the use of SGs in lectures?" Students openly expressed 

their thoughts and experiences, while also providing professors with quality feedback. The 



teaching diaries were analyzed, and the feedback was assorted with respect to the model by Savi 

et al. [119].  

5.2.2 Participants 

Students enrolled in a SE course called “Project Management for Software Development” in a 

Bachelor of Computer Science Degree at the University of Murcia participated in the experiment. 

Their ages ranged from 21 to 23 years. This third-year undergraduate course describes and 

synthesizes practical aspects of software requirements and software development project 

management: creating project plans that address real-world management challenges, reaching a 

consensus on project goals and deliverables, assessing a project for strategic risks, choosing the 

Software Development Life Cycle that best meets an organization’s needs, among others. The 

course consists of 14 weeks of lectures in the second semester of the academic year. Participants 

were the students who enrolled in this course and attended the theoretical classes. No specific 

training session was held to familiarize the students with the SGs that were used in the course, as 

the rules and motivation behind each of them were explained when introducing the SG in question 

in class. All participants were involved in the use of the SGs that were mandatory in the course. 

5.2.3 Teaching Intervention 

Our analysis is based on the results obtained in a SE course through the integration of SGs as an 

innovative educational tool. Two time points were selected to carry out the study with SGs. The 

academic year 2013-2014 was selected to analyze the impact of the SGs on the student’s learning 

with inexperienced professors in teaching with SGs. The second time point was the academic year 

2021-2022, once professors have gained increasing experience and expertise in the implementation 

of SGs throughout the years, which is a more stable scenery to mitigate the threats to validity. The 

use of these SGs was proactively adapted to the learning objectives of the course based on the 

perceived students’ response and interaction with these SGs, and the observed results and 

limitations from previous courses. In addition, some SGs were added, removed, or replaced in the 

progress of this subject during the last 8 years to better match the students’ needs, the class 

dynamic, and the learning objectives when changed. The activities with SGs used in this 

intervention practically filled the entire course dates. Some of the SGs were embedded in the course 

as in-class activities while others were flagged as extra activities. It should be noted that the latter 

were presented according to the course agenda, and remained open for students to choose whether 

or not to do them and decide when to do them throughout the duration of the course. Initially, the 

course coordinator incorporated different SGs in the course, each had different difficulty levels. 

The search for these SGs along with the analysis of their applicability in the subject and class 

environment was conducted in collaboration with students from the academic year 2012/2013, the 

year in which SGs were not yet used in this subject. Re-O-Poly, ReGo, and Guess What We Want 

were the SGs selected for in-class activities while Requirements Island and Software Quantum 

were selected to be conducted online from home as extra activities. 



5.2.4  Selected Serious Games 

The serious games used in the lectures are described below. It is worth mentioning that all were 

free of charge, and there was no need to pay for a subscription license to use them. 

Re-O-Poly [120] is a board game based on the famous MonoPoly. It was designed to introduce and 

reinforce good practices in Requirements Engineering (RE). The goal of the game is to help students 

acquire the most important knowledge of RE, covering four clearly identifiable phases in RE: 

elicitation, analysis and verification, documentation, and change management. To play the game a 

minimum of 2 players and a maximum of 8 players are required. Each game will last approximately 

one hour, although if all the players agree, the game period could be extended. This SG is on-site, 

so materials such as notes, scenarios, and task cards must be printed in advance (Figure 21). 

 
Figure 21: Materials of SG Re-O-Poly 

ReGo [121] is a SG that could clearly be classified as a knowledge reinforcement group activity that 

can be applied to all areas of RE. Although this game was originally used in RE courses, it can be 

used to test students' knowledge of any discipline. Its objective is to evaluate students' knowledge 

at the beginning or the end of the academic year, carrying out a set of games using the theory topics 

to be taught throughout the course as the object of study. Thus, ReGo would be used on two 

occasions: (1) at the beginning of the academic year before acquiring any theoretical knowledge 

from the course, to assess their knowledge; (2) the game could also be used at the end of the course 

once all knowledge is given as a review of knowledge. As in the previous one, the SG is on-site and 

resources such as bingo cards must be delivered before the lecture (Figure 22). The students note 

down the answers to the questions in the test. Correct answers are in green, wrong answers are in 

red, and pending corrections are in black. The first student who has a column, row, or diagonal of 

correct answers signs “line!” The first student to get all the answers right signs “Bingo!” and wins. 



 
Figure 22: A bingo card of ReGo SG 

Guess What We Want [121] is an single-player game to consolidate knowledge of RE. It has been 

designed to help students understand the different levels of the hierarchy of requirements. In 

addition, the game tries to make students aware of the importance of having quality requirements 

specifications with a good level of detail to obtain satisfactory results in the software projects 

addressed. This game demonstrates that without having detailed and good-quality requirements, 

we cannot achieve a system that meets all the needs of the stakeholders. As in the two previous 

ones, the SG is played on-site. Therefore, wordings must be ready before starting the session (Figure 

23). 

 

Figure 23: A wording of the Guess What We Want SG 

Requirement Island [122]  is an online game designed for single players to reinforce their 

knowledge of RE. Therefore, only one person will play, who will be in charge of solving the 

challenges proposed by the game in the role of Jack, a Requirements Engineer who has fallen on 

an island after a plane crash. On this island, the protagonist meets two local tribes that protect a 

Magic Stone with which they can only communicate through the use of RE techniques and tools. 

Jack must help the tribes to leave the island before the explosion of the island volcano. The game 

mainly consists of moving around a map clicking on the possible destinations and answering 

questions about the RE in order to advance in the game. 



To access the game the following website must be visited: http://qgsoft.com.br/requirement_island. 

A screenshot of the game is shown in Figure 24. 

 

Figure 24: Map of the SG The Island of Requirements 

Software Quantum [123] is an online SG that can only be accessed via the Web navigator as it does 

not have a web app for mobile devices nor a desktop one for computers. The game aims to make 

the player aware of the importance of planning the time spent in each of the development phases 

of a software development project. The game indicates that it is very important to dedicate more 

time to the early stages of the software project, that is, to the requirements analysis and software 

system design stages in order to obtain great customer satisfaction. Making the player see the 

importance of a rigorous requirements analysis with the subsequent agreement of the stakeholders 

is another objective of this SG. The requirements cannot be constantly modified nor can they be 

frozen in the early stages of development, but there must be an agreement on the main 

requirements of the application, which will be the success factors of the system. A screenshot of 

the SG is depicted in Figure 25. 

 

Figure 25: SG Software Quantum 

5.3 Results and Discussion 
This section displays an overview of the influence of the use of SGs in a SE course on students’ 

achievement. Both the descriptive and the hypothesis results of the study are presented. 

http://qgsoft.com.br/requirement_island


5.3.1 Descriptive Results 

Table 5 summarizes and organizes the characteristics of the data collected from 101 students that 

were enrolled in a SE course during the years 2012/2013-2013/2014 and 2021/2022. The performance 

rate is calculated by dividing the number of students who passed the course by the number of 

students enrolled, while the success rate is calculated by dividing the number of students who 

passed the course by the number of students who took the exam. It was noticed that the average 

score from the courses in which SGs were implemented (7.090) is significantly higher than the 

average scores from the course in which no SG was implemented nor used (6.680).  

Also, findings suggest that the overall success rate of students from all courses analyzed is slightly 

affected by the use of SGs and is on average 94.500% during the analyzed courses in which SGs 

were used compared to 92% when no SG was involved. This can be argued to be due to the fact 

that students who decide to take an exam, regardless of the examination call and the course in 

which it was taken, are highly likely well prepared to pass the exam.  

Another promising finding was that the use of SGs was proven to improve the performance rate 

of students in the last year of its implementation in the subject, although it had a sudden drop in 

the first year when SGs were first implemented. The noticed drop in the course 2013-2014 is highly 

likely because the course was overwhelming with all the additional activities in which SGs were 

taking part so some students were not confident enough to take the exam in that course. 

 

 ALL EXAMINATION CALLS 1st CALL 2nd CALL 3rd CALL 

Y
ea

r 

E
n

ro
ll

ed
 

P
re

se
n

te
d

 

A
b

an
d

o
n

ed
 

P
as

se
d

 

P
er

fo
rm

an
ce

 

R
at

e 

S
u

cc
es

s 
R

at
e 

S
co

re
s’

 

S
ta

n
d

ar
d

 

D
ev

ia
ti

o
n

 
S

co
re

s’
 M

ed
ia

n
 

A
v

er
ag

e 
S

co
re

 

P
er

fo
rm

an
ce

 

R
at

e 

S
u

cc
es

s 
R

at
e 

P
er

fo
rm

an
ce

 

R
at

e 

S
u

cc
es

s 
R

at
e 

P
er

fo
rm

an
ce

 

R
at

e 

S
u

cc
es

s 
R

at
e 

12-

13 
29 26 3 24 

83

% 
92% 

1.52

0 

6.60

0 
6.680 

52

% 

65

% 

50

% 
70% 

29

% 

67

% 

13-

14 
27 19 9 17 

63

% 
89% 

1.76

0 

7.30

0 
7.010 

37

% 

63

% 

41

% 
78% 0% 0% 

21-

22 
45 40 0 40 

89

% 

100

% 

1.06

0 

7.00

0 

7. 

180 

71

% 

91

% 

25

% 

100

% 
  

Table 5: Descriptive Statistics for Students’ Scores, Performance, and Success Rates With Regards to The 

Usage of SGs In a SE Undergraduate Course



While the improvement seen in the course 2021-2022 is likely due to teachers becoming 

better at introducing SGs in a way that matches the courses’ schedules and learning 

objectives, and better tailoring these games to students’ needs and learning dynamics. 

The present findings confirm the positive impact that the use of SGs in a SE course can 

have on both the students’ success rate and performance rate when implemented 

adaptably to the course’s terms and the students’ needs. If we focus on students’ 

academic results in each examination call in the course 2012-2013, in which no SGs 

were implemented, the course 2013-2014, in which SGs were first introduced, and the 

last course from the academic year 2021-2022, the improvement that the success rate 

had from the first examination call to the second during the years 2013-2014 and 2021-

2022 in which SGs were used was twice as the one from the year 2012-2013, where no 

SGs were implemented. From the short review above, key findings imply that the 

implementation of SGs in the course provided an interactive ludic learning material 

that the students can still use after the end of the course to revise and prepare for their 

different examination calls. This helps students significantly increase their chances to 

pass the 2nd and 3rd examination calls when failing on the 1st attempt. 

5.3.2  Hypothesis Testing Results 

H1. According to our analysis, students’ average scores in the course in which SGs 

were first introduced as a learning approach is 7.010, and the one in the last course 

after 8 years of expertise in SGs usage in this course is 7.180. Whilst the average score 

in the course in which no SGs were used is 6.680. We can notice that the students’ 

average scores from the courses in which SGs are used are slightly higher than the one 

in which SGs were absent. A Mann-Whitney test indicated that this difference was 

statistically significant between the course in which no SGs were used and the one 

when they were first introduced as a learning approach (U= 160, p=0.045). A T-Test 

showed that this difference was not significant comparing the course in which no SGs 

were used with the latest course from the year 2021-2022 (T (64)= 1.583; p=0.059 ) 

although the p value was close to 0.05. Last, another Mann-Whitney test revealed that 

this difference was not statistically significant between the courses in which SGs are 

used (U= 331, p=0.426). 

We can conclude that the courses in which SGs were used as a learning approach had 

a significant positive influence on students’ average scores compared to the course in 

which only traditional teaching approaches were used. Also, given that no statistically 

significant difference was found comparing students’ average scores from the courses 

in which SGs were used, this leads to the conclusion that regardless of the teaching 

group’s experience with SGs implementation as a learning approach, courses using 

SGs still have a positive influence on students’ average scores.  



 

Figure 26: Boxplot of students’ scores when and when not using SGs 

Looking at Figure 26, this diagram shows that the median of the scores from the course 

with no SGs is low compared to the ones from the course in which SGs are used. Notice 

that the scores of the 2nd and 3rd quartiles from the SGs-based course are higher 

compared with the ones from the non-SG-based course. This leads to the conclusion 

that the distribution of 50% of the scores in the SG-based courses is higher than the one 

of the non-SG-based course.   

H2. The odds ratio for passing the final exam comparing the years 2012-2013 and 2013-

2014 (OR = 0.354; 95% CI 0.102-1.224) indicated that students from the course following 

a  traditional approach and not exposed to SGs have a 2.824 times higher chance of 

passing the exam than students from the course in which SGs were introduced for the 

first time. While the odds ratio comparing the years 2012-2013 and 2021-2022 (OR = 

1.667; 95% CI 0.437-6.358) points out that students from the course in which SGs were 

implemented by 8-year-experienced teachers have 1.667 times higher chance of 

passing the exam than students from the course in which no SGs were implemented. 

From another perspective, this hypothesis testing when applied to data from the years 

2013-2014 and 2021-2022 (OR = 4.706; 95% CI 1.397-15.849) highlights that students 

from the course in which SGs were implemented by 8-year-experienced teachers have 

a 4.706 times higher chance of passing the exam than students from the course in which 

SGs were implemented with no prior experience. This leads to the conclusion that SGs 

when introduced properly to SE courses and when adapted to both the students’ needs 

and the course learning objectives have a positive influence on students’ chance to pass 

their final exam. 

H3. The odds ratio for attending the final exam comparing the years 2012-2013 and 

2013-2014 (OR = 0.274; 95% CI 0.064-1.172) indicated that students from the course 

which solely relied on traditional teaching approaches have a 3.649 times higher 

chance of attending the exam than students from the course in which SGs were 



introduced for the first time. While The odds ratio comparing the years 2012-2013 and 

2021-2022 (OR = 0.923; 95% CI 0.203-4.196) points out that students from the course in 

which SGs were implemented by 8-year-experienced teachers have a 1.083 times 

higher chance of attending the exam than students from the course in which no SGs 

were implemented. From another perspective, this hypothesis testing when applied to 

data from the years 2013-2014 and 2021-2022 (OR = 3.368; 95% CI 0.971-11.683) 

highlights that students from the course in which SGs were implemented by 8-year-

experienced teachers have a 3.368 times higher chance of attending the exam than 

students from the course in which SGs were implemented with no prior experience. 

This stress the fact that SGs when implemented in SE courses with prior experience in 

the matter from the side of the teaching group have a positive influence on students’  

attendance chance to their final exam compared to when implemented for the first time 

with no such experience. However, the findings suggest that traditional teaching 

approaches still have a better influence on students’ attendance chance to their final 

exam compared to SGs. 

H4. On the one hand, according to the learning diaries, the overall reaction was very 

positive. Teachers explained, based on the students’ opinions, that the incorporation 

of SGs was found motivating, useful, and an attractive resource to compensate for the 

tediousness of some of the subject’s contents. Some of the comments from students 

stated that "Serious games in class motivated us to study". It was also reported that 

with the use of SGs the number of students attending the class increased as students 

received feedback in class that helped them to better understand the subject and to 

have a better idea of how to apply its theoretical concepts. The following comment was 

captured from students "With the serious games in class we receive feedback that helps 

us to understand the subject better".  It was also mentioned on several occasions that 

students recommended promoting the use of SGs in other subjects, especially the ones 

with heavy theoretical content. Some of the students' comments claimed that "Serious 

games should be used in other subjects", and "Serious games should be promoted and 

used more in class to get a better idea of how to apply theoretical concepts". On the 

other hand, our investigation heavily emphasizes the teachers' experiences during the 

experiment and their long-term exposure to incorporating SGs into the classroom. We 

compared the initial and final SG utilization over an 8-year period, with professors 

engaging in in-depth discussions with students at the conclusion of each course. These 

dialogues, lasting around 30 minutes after the final class, provided direct insights into 

student experiences with SGs. Student feedback consistently leaned toward the highly 

favorable end of the spectrum, underlining the profound impact of SGs on learning 

and motivation. Teaching strategies evolved over sessions, initially facing challenges 

like abrupt endings due to time constraints, highlighting the need for longer gaming 

sessions. Additionally, the discussions highlighted certain limitations, particularly 



concerning language. For instance, "Software Quantum," one of the SGs employed, 

was exclusively available in English, posing difficulties for some students. Similarly, 

"The Island of Requirements" was only accessible in English and Portuguese, and thus 

language barriers remained an issue for certain learners. While English proficiency 

should not have been a hindrance, it posed challenges for specific students. Teachers 

took note of these language-related challenges and recognized the need to consider 

language barriers when searching for new SGs or explaining those that were in foreign 

languages. 

5.3.3 Results Interpretation and Hypothesis Evaluation 

H1. Given that SGs were found to have a positive influence on students’ academic 

results in our study. Previous studies seem to have more conclusive results regarding 

our hypothesis. Although there are previous studies validating SGs in SE management 

subjects among master students, such as Play-Scrum at the University of UMinho [124] 

that relied solely on satisfaction forms, only a few experiments were conducted to 

assess the students’ academic achievements. This is the case of a controlled experiment 

with a SG entitled E4—Expert and Efficient Estimators Enterprise at the University of 

Porto [32], to assess the game’s effectiveness to teach software estimation through a 

baseline group and an experimental group. This effectiveness was measured with pre 

and post-game knowledge questionnaires about the subject. A statistically high 

significant difference regarding knowledge intake (T(34) = 3.134, p < 0.004) was found 

between both groups, in favor of the experimental group who acquired more correct 

information about the subject than the baseline group, confirming our results in H1. In 

that same vein, another experiment with a set of SGs entitled Innovation Games® was 

conducted among international master’s students with varying levels of work 

experience in software development at the University of Oulu [34]. To assess players’ 

performance in software requirement elicitation through the number of requirements 

that one can identify, two experimental groups were formed with different work 

experiences. No statistically significant difference was found between the two groups 

(p = 0.089). Although the hypothesis of equality of the two groups’ performance cannot 

be rejected at the significance level α = 0.05, the paper argues that there is still a 

possibility that using SGs for requirements elicitation could result in higher 

performance compared to non-game-based approaches. Last, according to the study 

conducted by Subhash and Cudney [125], although a few studies regarding gamified 

learning in higher education did not observe an improvement in final exam scores, an 

improvement in learning was observed in the majority of students compared to non-

gamified groups, and higher average scores were also observed in these gamified 

learning groups. 



H2. In our study, SGs were found to have a positive influence on students’ chance to 

pass the exam, in the same line, previous studies tackling gamified learning in higher 

education have backed up this claim. When using gamification and game-based 

learning in class, reduced failure rates were observed in a systematic literature review 

on gamified learning in higher education [125].  According to three of the studies 

covered in this review [126] [127] [128], having the freedom to fail in in-class gamified 

activities was not only seen as one of the benefits of gamification in education but also 

identified as an element of gamification suitable for use in education systems. Game-

based learning has also proven to be as effective as traditional teaching in terms of 

knowledge acquisition but is much preferred by students over the latter [129]. 

H3. To the best of our knowledge, there are no studies investigating SGs’ effect on 

students’ participation in the final exam. However, previous studies analyzing game-

based learning approaches' effect on students' behavior and participation in the course 

proposed activities were encountered in our literature search and are in the same line 

with our findings. Dias et al. [130] have studied class attendance when gamification is 

implemented in a controlled experiment among first-year students in a modeling 

course for the Bachelor's degree in Management, results reported regular attendance 

rate raise of 20% among the gamified group compared to the non-gamified group. In 

a controlled experiment by Caton et al.  [131], evaluating a gamified framework 

implemented in a game production course to improve attendance and participation 

among undergraduate computing module students, findings suggest that the average 

attendance for a gamified year (83%) was also consistently higher than a control year 

(76%). Likewise, in a similar study conducted by Fotaris et al. [132], attendance in a 

gamified Python programming class using “Kahoot” among fundamentals of software 

development students (78%) was found to be higher compared to the control group 

(65%). The findings also revealed that the gamification approach was observed to have 

a positive impact on students’ punctuality when attending class. In addition, the 

results revealed that traditional teaching methods continue to have a greater impact 

on students' likelihood of attending their final exam than SGs. Several factors could 

explain this result. It is worth noting that SGs must be created as an integrated idea of 

play and learning in order to fully reap the potential of their benefits [133]. SGs are 

quick and simple self-assessment tools that allow students to quickly assess their grasp 

of course contents. In this vein, by integrating knowledge and skill acquisition, SGs are 

an efficient teaching tool for learners to make smart and realistic decisions [134]. The 

use of SG in the course may have led students to decide not to take the final exam 

when they realized their poor mastery of the subject. On the other hand, the use of SGs 

in academia is still in its infancy, particularly in fields like SE. Finding an appropriate 

SGs in SE topics can be challenging for teachers [135]. As a result, undesired events 

may occur when employing SGs in lectures. In this study, the Software Quantum SG 



generated technical difficulties with updates of Java Runtime Environment. This could 

have led to less impact of the expected in the learning pathways of the students. The 

Requirement Island, another SG investigated in this paper, was only available in 

English and Portuguese. Language barriers may have arisen if students did not have 

a strong enough knowledge skills, which may have led to complaints and unhappiness 

among them. 

H4. While there are only a few experiments assessing SGs influence on students’ 

academic achievement, there is a significant number of studies assessing the quality of 

educational games for teaching SE through surveys and satisfaction forms. The 

findings in the literature are assorted in accordance with the Model for Evaluation of 

Educational GAmes (MEEGA) [119] used to review the aspects of (1) motivation, (2) 

user experience, and (3) learning of educational SE games. (1) Concerning motivation, 

previous works regarding teaching Software Project Management [136], SCRUM [137] 

[77], fundamentals of ISO/IEC/IEEE 29148 systems and SE [22], and requirement 

elicitation [138] have reported that students perceived that they become more 

motivated when using SGs in the course, reporting that students found a sense of 

exploration, experimentation, curiosity, and manipulation within the game. (2) As 

regards the user experience, different studies such as the ones at the Federal University 

of Santa Catarina [37], two Mexican universities [136], Aalto University [139], and 

Singapore Management University [137] have found that SGs can provide a fun and 

engaging learning experience as they were proven to have a great potential to impact 

positively students’ process to achieve the learning objectives and to allow students to 

immediately apply their learning in practice rather than just consuming lectures. Other 

satisfaction surveys in using SGs to teach SCRUM [124], modeling language Essence 

and SE project work [35], software project management [32], and requirement 

elicitation [138] have found SGs to be perceived as enjoyable by students when 

implemented in SE management subjects. (3) Finally, concerning learning through 

educational SE games, previous studies [124] [139] [37] have reported through 

satisfaction questionnaires that students perceived that their knowledge acquisition 

regarding SE management subjects had increased when using SGs in the course. From 

a different perspective as regards students’ previous knowledge necessity for SGs to 

be an efficient teaching/learning tool, in a study by Lee et al. [137],  students reported 

that SGs provided a good overview of the topic and that no prior knowledge was 

necessary to play the SG. In contrast, in another survey by Kemell et al. [35], students 

expressed that SGs did a poor job in increasing their knowledge acquisition and were 

sometimes misleading to students with little prior knowledge of the topic. However, 

SGs helped pave the way for future mastering of the topic among participants.  Thus, 

this matter can be subject to argument and amenable to further investigations 



regarding the characteristics of the SGs in question, the topics of application, and the 

way in which SGs were implemented in these topics. 

In any case, the meetings with the students at the end of the course, in which about 

half an hour of the last class is dedicated for them to express directly what they thought 

of the use of the SGs, were important. All years, they valued the use of the SGs very 

positively both for the learning and for the motivation to attend the classes. In 

summary, the main factor that has been improved by the use of the SGs in the lectures 

has been attendance. By entering the students' grades and providing them with 

entertainment, the students' attendance in class was observed to continue until the last 

week of the semester. 

Traditionally, research on educational games has often overlooked the pivotal role of 

teachers in the selection, preparation, instruction, and assessment of educational 

games [140]. While the studies we draw upon are not specifically focused on assessing 

teachers' experience in delivering classes with SGs and their direct influence on 

student performance, they collectively underscore the broader positive impact of 

experienced teachers when SGs are incorporated into the classroom setting. The study 

by Romero and Usart. [141] explored SGs integration within an entrepreneurship 

Massive Online Open Course (MOOC), accentuating the pivotal role of facilitators and 

teaching presence. Participants in the MOOC consistently expressed high levels of 

satisfaction, with a notable emphasis on the active involvement of facilitators. This 

example highlights that experienced teachers familiar with the SGs in question can 

significantly enhance students' satisfaction and overall class experience. Moreover, 

Klemetti et al. [142] delve into the role of teaching presence and experienced educators 

in SG-enhanced learning, and considered it essential to study the practical implications 

for teachers as they often encounter challenges when incorporating new games into 

their classrooms. Therefore, in his study conducted among Finnish school teachers, he 

sheds light on these challenges. In their experiences, teachers reported initial hurdles 

when familiarizing themselves with new digital learning materials, including SGs. 

These initial interactions sometimes led to increased workload and apprehension. 

However, it became evident that with repeated use and growing familiarity, teachers 

found it more manageable to integrate SGs into their teaching methods. The findings 

suggest that the first few interactions with new SGs may pose challenges, but as 

teachers gain experience with the same game, it becomes more seamless and less 

taxing on their workload. Furthermore, In a study by Jäskä and Aaltonen [143], 

teachers discovered that the integration of GBL into their courses yielded valuable 

insights. While GBL elevated student experiences, it also served as a catalyst for 

teacher growth. The process of sharing and reflecting on these experiences during and 

after game sessions not only deepened instructors' subject understanding but also 

refined their teaching skills. Particularly noteworthy were the debriefing sessions, 

which emerged as pivotal moments. These sessions not only aided students but also 



played a vital role in fostering teachers' professional development. Consequently, 

teachers leveraged this growth to refine their approaches to incorporating games in 

future courses, ultimately enhancing the overall student learning experience. It is 

essential to recognize that while specific performance metrics may not be assessed in 

the aforementioned studies, they gave irrefutable evidence the presence of 

experienced educators remains a crucial factor in optimizing the SG-based learning 

environment and fostering an enriching educational experience. 

5.3.4 Recommendations Based on Findings 

Based on the findings of the experiment and their subsequent validation, several 

practical recommendations have been developed to enhance the integration of serious 

games in SE education. These recommendations not only serve as direct implications 

of the experimental results but also provide actionable insights for educators and game 

designers to optimize learning outcomes. 

To ensure the relevance and applicability of these recommendations, they have been 

categorized according to their source of validation: those based on direct observations 

made by professors during the experiment are marked as (PO) for 'Professor 

Observations', and those supported by existing literature are marked as (RL) for 

'Relevant Literature'. This dual approach ensures that the recommendations are both 

empirically grounded and theoretically sound, 

For Teachers: 

- (RL) SGs should be used as a course complement along with the course learning 

material rather than a stand-alone resource. The understanding of the game and 

its dynamic can be perceived as difficult for students with a poor background 

in the subject [124]. When used as a stand-alone resource, the effectiveness of 

SGs should be investigated in a self-paced setting and compared to results from 

professor-directed settings [129]. 

- (RL) SGs should be played for a restricted period only until their pedagogical 

goals are reached. Otherwise, when played for lengthened periods for 

entertainment purposes it may negatively affect players’ intention to play the 

game and the enjoyment[35]. 

- (PO) Implement gradually SGs so that teachers can gain experience in better 

adapting the SGs to their courses. 

- (RL) Adapt the integration of SGs gameplay into students’ coursework 

according to the students’ backgrounds. When students are already familiar 

with digital games development in earlier courses, the implementation of SGs 

in coursework was proved smooth [32]. 

For SGs Developers: 

- (PO) Design patterns such as the one proposed by Bjork and Holopainen [144] 

can be useful for SGs design.  



- (RL) A methodology should be used to support the SGs’ usage in specific 

contexts such as software engineering. Good practices for relating game design 

patterns to teaching techniques are deemed to be necessary but not enough [32]. 

- (RL) Design the SG in a way no previous knowledge of the adopted topic is 

necessary to play the game; otherwise, it may affect negatively the SG-based 

learning efficiency, and the students’ knowledge acquisition [35]. 

- (RL) Select appropriate gamification elements to address the course learning 

objectives and players’ profiles. For instance, introduce rewards, teams play, 

and bonus rounds to SGs design to motivate students, and make the game more 

interesting [138].  

- (PO) Consider the environment and conditions in which the SGs are 

implemented when selecting the game mechanics. For example, introducing 

anonymity and competition to SGs design when the game is used in a 

professional setting was found to boost players’ creativity and engagement, as 

its organizational hierarchies can hinder honest arguments/opinions [75]. 

5.4 Threat of validity 
This study has some limitations that may present a threat to its results validity [115].  

Internal validity issues primarily deal with causality issues related to the presented 

results. Therefore, we made sure that the students had no prior knowledge of this 

experiential assessment so that they would not alter their behavior while performing 

any of the class activities and cause any bias in the results. Threats from other 

potentially confounding variables related to prior knowledge and experience 

regarding the course topic did not apply, as subjects had the same academic 

background and were taking this course for the first time. However, we cannot confirm 

that the students who participated in this experiment were enthusiastic about the use 

of SGs, or that they were smarter than other students who did not participate in this 

experiment. Finally, considering that three teachers monitored the different play 

sessions, we cannot confirm that students' perceptions of SGs were not influenced by 

the teachers' different levels of enthusiasm.  

External validity issues may arise given the experiment’s characteristics: the nature of 

the subjects of our experiment (students), the number of participants (101 students and 

3 teachers), the complexity of the activities involved in the course, and the field of 

application of the implemented SGs. Nevertheless, Salman et al.  [145] and Falessi et 

al. [146] demonstrated that a small group of students can be considered sufficient to 

obtain reliable results as they represent a valid simplification of reality needed in 

laboratory settings. Moreover, the results of this study may therefore be of interest to 

teachers of other fields outside the case studied, since the effects of the SGs analyzed 

may be relatively common among students of different majors. Finally, and as Carver 

[31] suggests, although we cannot overemphasize the general significance of the 



results obtained via empirical studies with students, these results have relevance for 

advances in the SE field. 

Construct validity issues can arise from errors in the assessment. Therefore, to address 

these threats, we focused on collecting quantitative data after each course was 

completed to ensure that the results were the same regardless of who analyzed the 

data. To reduce the problems of coherence for all the different teachers participating 

in this experiment, a preparatory meeting was organized at the beginning of each 

course to deal with the way in which the SGs will be implemented to reproduce the 

same experimental conditions. Another possible threat could be related to evaluation 

apprehension. This threat was mitigated by ensuring that the subjects were unaware 

of the study's objectives and studied hypothesis. 

The threat of conclusion validity is a factor that can lead to an incorrect conclusion 

about an observed relationship. A statistical interpretation method was used to 

mitigate this threat using parametric/non-parametric statistical tests to investigate 

three of our hypotheses (H1, H2, and H3).  

5.5 Conclusion 
This chapter presented a comprehensive pedagogical experiment aimed at measuring 

the impact of SGs within a SE course. We assessed various aspects, including student 

scores, attendance rates, and performance in the final exam of a software project 

management course. One key innovation of this experiment was the evaluation of an 

SG-based learning approach, led by instructors with differing levels of experience in 

SG implementation, as compared to the traditional learning method in an SE course 

context. We investigated their overall influence on students' academic achievement. 

Our findings demonstrate that the integration of SGs into the course environment 

resulted in an improvement in students' scores. However, a noteworthy insight 

emerged when analyzing the chances of students passing the final exam. Significantly 

higher pass rates were observed when SGs were implemented by instructors with 

extensive 8-year experience in SGs. This outcome underscores the pivotal role of 

teachers' experience and expertise in the successful deployment of SGs within SE 

education. Furthermore, this study has yielded a valuable set of recommendations that 

can guide SG stakeholders and SE educators in fully harnessing the potential of SGs 

for SE education. These recommendations are rooted in the insights gained from our 

research. 

In future research endeavors, we plan to delve deeper into understanding potential 

gender differences in SG usage among SE students, building upon prior research in 

this area [129]. We also intend to conduct larger-scale experiments, which will 

explore the impact of SGs on the achievements of both students and industry 

practitioners, considering their varying levels of enthusiasm for gaming. In-depth 

case studies involving SE students and experts will provide additional insights. To 

consolidate and expand our knowledge base, we aim to conduct a higher number of 



controlled experiments and industry case studies, ultimately enabling a meta-

analysis that will contribute to a broader understanding of the effectiveness of SGs 

versus traditional approaches in SE education and training. Additionally, we have 

plans to design a comprehensive methodology, complemented by game design 

patterns, tailored to support the design of effective SGs in specific contexts, such as 

SE education and training. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
CHAPTER 3: Development and 

Expert Validation of an Evidence-

Based Framework for Serious Games 

Design in Software Engineering 
 

6.1 Introduction 
In the ever-changing realm of educational technology, it becomes increasingly 

crucial to recognize the importance of a properly designed serious game, ensuring 

high levels of student satisfaction and game usability [147]. However, amid this 

enthusiasm, the field of serious game design encounters numerous challenges. First 

and foremost, the lack of standardization in serious game development and evaluation 

[20]. Additionally, the need to balance game and pedagogical elements [148], the call 

for an interdisciplinary design, and the demand for effective communication between 

pedagogy and game experts [149] are all deemed crucial for the successful design of 

serious games. Other challenges include the use of counterproductive game 

preferences that prioritize player experiences over learning efficacy [150]. Finally, The 

development process of serious games also faces challenges in terms of involving the 

target group and conducting iterative testing and improvement [151]. 

Creating a framework for serious game design is motivated by the need to address 

the aforementioned challenges and complexities associated with developing effective 

serious games. Therefore, frameworks are proposed to streamline the design process, 

facilitate knowledge transfer, enhance coding behavior, and improve the effectiveness 

of serious games. These frameworks aim to provide clear instructions, guidelines, and 

methodologies for developers, educators, and practitioners to create effective serious 

games. Thus these frameworks consider several factors. Firstly, serious games have 

been recognized as effective tools for learning and training in various fields, such as 

education, healthcare, and business. However, it is crucial to address the needs and 



preferences of stakeholders involved in the design and implementation of serious 

games. Additionally, the quality of serious games has become a focus for investors, 

researchers, and developers, leading to the development of evaluation frameworks 

and questionnaires [152]. Furthermore, the use of personalized interventions in serious 

games is gaining importance, but there is a lack of standardized approaches in this 

area [12]. Finally, the complexity and cost of developing serious games necessitate the 

need for frameworks that restructure the design process and facilitate the reuse of 

domain knowledge and personalization algorithms [46]. 

6.2 Methodology 
To construct a robust framework for serious game design, we adhered to a DSR 

methodology [153].This methodology involves the development of artifacts to solve 

real-life business problems following a comprehensive phased approach, with 

iterations of problem identification, artifact design, construction, and evaluation, 

contributing to the understanding and practical development of solutions [154].  

Research strategies such as semi-structured interviews and questionnaire 

distribution are used in the process of problem identification and artifact evaluation to 

gather data and insights from stakeholders, users, and experts, which is crucial for 

understanding the problem context, identifying requirements, and evaluating the 

effectiveness of the developed artifacts [155]. Semi-structured interviews allow 

researchers to have a flexible conversation with participants, enabling them to explore 

relevant topics while maintaining a certain level of structure. Questionnaires, on the 

other hand, provide a standardized set of questions that can be distributed to a larger 

sample size, allowing for quantitative analysis [156]. 

Design models like Business Process Modeling Notation (BPMN) are employed to 

depict data, user interface, and processes involved in the development of artifacts by 

providing visual representations and analytical tools that enhance the effectiveness 

and efficiency of DSR [157]. These design models do not only serve as communication 

tools, facilitating collaboration and understanding among researchers, stakeholders, 

and practitioners involved in the DSR process, but can also aid in the analysis and 

evaluation of systems and processes, allowing researchers to identify potential 

improvements and design solutions [158]. 

Systematically, in this study we adopt the novel approach of DSR by De Sordi [159], 

incorporating the following steps by analyzing prominent frameworks and 

methodologies as : 

- Problem identification and motivation.: Conducted a meticulous literature 

review to gain a comprehensive understanding of existing frameworks, 

methodologies, and their applications in serious game design [42][160]. This 

step allowed us to define how can analyzing existing frameworks and 



methodologies guide the development of a novel and comprehensive 

approach to serious game design and grasp the foundational concepts and 

practices in the field, providing a solid basis for our framework development. 

- Objectives of a solution: Delved into the identified frameworks to discern 

gaps, limitations, and areas for improvement within current methodologies 

for serious game design [42][160]. This critical analysis served as a 

cornerstone for our framework's development, enabling us to pinpoint 

specific areas where innovation and enhancements were warranted. 

- Design and Development: Constructed the designed solution by distilling 

crucial elements from existing frameworks while addressing identified 

limitations, establishing the groundwork for a comprehensive and innovative 

serious game design framework. 

- Demonstration: Showcased the effectiveness of the framework in facilitating 

serious game design. This involved presenting a prototype of the framework 

to provide a tangible proof of concept. 

- Evaluation: Examined and measured the predefined objectives of the 

designed framework by comparing anticipated outcomes to the observed 

results from the utilization of the prototype during the demonstration. 

- Communication: Articulated the significance of the identified problem, 

proposed the serious game design framework, highlighted its utility and 

novelty, underscored the rigor of its design, and communicated its 

effectiveness to researchers and other pertinent audiences. 

By employing a Design Science Research methodology, our approach to framework 

development was methodically structured, integrating insights from existing 

literature, addressing the collaborative approach, customization, adaptability, 

integration of pedagogy, and game design along with relevant gaps identified from 

the literature. This approach aims not only to facilitate the design process of serious 

games but also to enhance the effectiveness and efficiency of serious game 

development. 

6.3 Solution Proposal 
Our proposed Reusable Automation Framework for Serious Game Design (RAF-

SGD) can improve serious games by streamlining the design process, facilitating the 

transferability of knowledge among stakeholders and reusability of some game 

components, and simplifying the design process of personalized serious games. It 

identifies the responsibilities of the involved stakeholders throughout the different 

stages of the design process. The framework also emphasizes the importance of 

iterative design methodologies, which have proven valuable in other areas of 



engineering and commercial game design. By incorporating iterative design, the 

framework helps ensure that serious games are engaging, effective, and aligned with 

its overall objectives. 

Importantly, the entire framework process is conceptualized as one sprint within the 

serious game project. This sprint-based approach allows for a structured, iterative 

cycle that aligns with agile project management methodologies, facilitating rapid 

development and continuous improvement. 

Figure 27 presents an innovative framework designed for the development of 

serious games. The framework unfolds in incremental steps: starting with an 

Initialization Phase, followed by a Selection Phase in which components deemed key 

for the serious game are selected by both educators and game experts. Followed by a 

Mapping Phase in which game mechanics and learning mechanics are generated 

automatically. Next, we move on to the Aggregation Phase. Here, game experts 

develop gameplay content incorporating curated game mechanics, while educators 

craft the learning content based on the learning mechanics identified earlier and other 

essential models if chosen in the Initialization Phase. Only after this process are both 

contents aggregated into the game content. Last, Validation occurs prior to the 

development of the serious game. Educators carefully review the game content to 

ensure it complies with quality indicators’ thresholds defined in the Initialization 

Phase, offering feedback for refinement. This iterative feedback loop ensures 

continuous improvement and refinement of the game content. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 27: The RAF-SGD Process 

 

 

 

 

 

 



6.3.1 Phases explained 

Initialization Phase 

In this phase, educators analyze the serious game's functional and non-functional 

specifications and establish quality indicators, considering the quality measurement 

metric proposed by Suryapranata et al. [161]. Next, Stakeholders collaboratively 

establish thresholds for these indicators, which will be used to validate the game 

content in the final stage. This phase also involves educators deciding whether to reuse 

existing gameplay and/or learning content stored in the system or to craft new content. 

If they opt to reuse any content, they will select the desired elements during the 

Selection Phase, thereby skipping the corresponding tasks in the subsequent phases to 

save time and effort. 

Selection Phase 

In the proposed framework, a fundamental component involves a targeted phase 

where educators and game experts make selections based on specific pre-established 

criteria depending on whether or not they chose to craft new learning and/or gameplay 

contents in the previous phase. If educators decide upfront to reuse existing content, 

they select the desired learning or gameplay content during this phase, thereby 

skipping redundant tasks in the Selection Phase itself and in the Mapping and 

Aggregation Phases. Otherwise, during this Selection Phase, on the one hand, the 

educators select (1) the appropriate learning model from a list of evidence-based 

models presented in the literature review conducted by Wantu et al. [162], providing 

educators and researchers with guidance on models tailored to suit various learning 

environments; (2) the competence model - vital measurement tools that cultivate a 

common understanding of outstanding performance among individuals, 

synchronizing internal behaviors and skills with educational objectives, and 

transforming goals into tangible actions [163] - that they want to implement within the 

serious game among a comprehensive list of the most used and well-cited competence 

models in the realm of education [164] regardless of the discipline or subject for which 

the serious game is conceived; (3) the intelligence model that they want to incorporate 

based on their own understanding of the various models of intelligence proposed by 

experts in the field [165], such as the Cattell-Horn-Carroll (CHC) model, and their 

implications for educational practice; (4) the bloom level of knowledge [166] based on 

the intended purpose behind the use of the serious game so to serve best its aim. On 

the other hand, the game experts decide on the intended player profile or profiles that 

the serious game should target based on forms they can pass on to their target students 

[167] so to have a realistic idea about the player profiles that the gameplay content 

should be shaped for by understanding what game mechanics are the best to get their 

attention and ensure their engagement during the gameplay. They also select the game 



development tool upfront from a predefined list that we provide, which includes 

recommendations drawn from Barczak and Woźniak comparative analysis [168] of 

Unity, Unreal Engine, and CryEngine, highlighting their strengths and pitfalls.  

Mapping Phase 

The selections made in the previous phase of the framework serve as the foundation 

for a meticulous mapping process, facilitated and cross-referenced through a set of 

taxonomies. This phased approach represents a departure from attempting to 

incorporate all conceivable game mechanics. Instead, it streamlines the design process 

by customizing the serious game. This targeted approach not only optimizes the 

design process but also enhances the relevance and effectiveness of the serious game, 

aligning it more closely with the desired educational outcomes. 

The framework integrates learning mechanics and game mechanics through a 

taxonomy that involves Bloom levels. This Learning Mechanics - Game Mechanics 

(LM-GM) framework [64], serves as a structured guide for aligning the learning and 

gaming components with the predefined Bloom levels identified by educators. This 

meticulous mapping ensures that the serious game adheres to the educational 

objectives set forth by educators. By linking the mechanics to Bloom levels, the 

framework systematically addresses cognitive domains, enhancing the educational 

value of the serious game. While the generated learning mechanics are final, the 

generated game mechanics are mapped next against Marczewski’s taxonomy [65] 

elements corresponding to the selected player profile(s) before generating the final 

curated set. This strategic alignment ensures that the serious game is tailored to engage 

and resonate with the intended audience, optimizing the potential gameplay for 

maximum impact. 

In cases where educators have opted to reuse pre-existing content from the previous 

phase, the subsequent generation of new content is adjusted accordingly. If pre-

existing learning content has been selected, the task of generating new learning 

mechanics is omitted. Similarly, if pre-existing gameplay content is chosen, the task of 

generating new game mechanics is skipped. As a result, the framework proceeds 

directly to the Aggregation Phase, bypassing the intermediate tasks. 

Aggregation Phase 

Building upon the insights gathered from the Mapping Phase, and the Selection Phase 

if content reuse was involved, the Aggregation Phase is a pivotal stage where 

educators and game experts converge to synthesize the elements generated in the prior 

stages into a cohesive and purposeful whole. 

Educators take charge of incorporating the learning mechanics generated in the 

Mapping Phase. This involves a seamless integration of these mechanics with the 



preselected learning model, intelligence model, and competence model. The synthesis 

of these elements forms the bedrock for crafting well-informed learning content for the 

serious game. In this process, educators leverage their pedagogical expertise to ensure 

that the learning objectives are not only met but also align harmoniously with the 

selected bloom levels. 

Simultaneously, game experts harness the generated game mechanics from the 

Mapping Phase. These elements are carefully integrated into the gameplay design, 

forming the structural framework for the serious that aligns with the identified player 

profiles and enhances the overall gaming and learning experience. In the final stage of 

the Aggregation Phase, game experts converge the crafted gameplay and learning 

content into a cohesive game content. This content extends beyond mere mechanics 

and learning objectives, encompassing elements such as storytelling, scene generation, 

dialog generation, and asset creation.  

The collaboration between educators and game experts during this phase ensures that 

the educational and gaming aspects seamlessly intertwine resulting in a purposeful 

and engaging serious game. 

Validation Phase 

The Validation Phase serves as a pivotal step in ensuring the alignment of the serious 

game content with the educational vision envisioned by educators. During this phase, 

educators meticulously examine the game content crafted by game experts to verify its 

congruence with the predefined quality indicators’ thresholds. 

Educators play a crucial role in the validation process, examining the game content to 

ensure that it aligns seamlessly with their educational vision for the serious game. This 

involves a comprehensive assessment of the storytelling, scene generation, dialog 

generation, and asset creation, ensuring that these elements harmonize with the 

predefined models and objectives. 

Should educators detect any inconsistencies or deviations from their envisioned 

educational framework, they are encouraged to engage in constructive feedback 

sessions with the game experts. This collaborative dialogue serves as the foundation 

for iterative refinement, whereby developers revisit the Aggregation Phase to address 

identified issues. Subsequent iterations entail the creation of new game content, which 

undergoes further validation by educators. Importantly, all generated artifacts during 

the game design process are stored, facilitating potential reuse of components from 

earlier versions or revisions based on educator feedback. Additionally, educators' 

feedback is archived for enhanced traceability, and elements from other games 

designed within the same framework may be repurposed if beneficial, reducing time 

and effort in the design process. 

This iterative process continues until the educators are satisfied that the game content 

not only meets the educational criteria but also reflects a harmonious fusion of 



educational and gaming elements. Each iteration allows for a nuanced refinement of 

the serious game content, addressing any concerns raised by educators. The 

collaborative nature of this Validation Phase ensures that both educators and game 

experts contribute to the iterative enhancement of the serious game. 

Upon successful validation and alignment with the educational vision, educators grant 

approval for the implementation process to commence. This signals the transition from 

the Validation Phase to the practical implementation of the serious game, where the 

meticulously crafted game content comes to life contributing to the overall 

effectiveness and coherence of the serious game. 

6.3.2 Stakeholders 

Different stakeholders in the process of serious game design interact with each other 

through dialogue, collaboration, and understanding of their roles and interests. Co-

design workshops for serious games involve rapid knowledge exchange between 

educators and game experts, ensuring interdisciplinary communication and 

inclusivity in the design process [169]. Figure 27 showcases our framework, 

emphasizing a collaborative approach between educators and game experts facilitated 

by an integrated automated mapping module. The framework orchestrates a 

structured process that incorporates learning design, driven by educators, and game 

design, led by game experts.  

- Educators: The learning design front is enriched by four pivotal components: 

the learning model, competence model, intelligence model, and Bloom's 

taxonomy. These components collectively guide the creation of the learning 

content, while selecting appropriate Bloom levels, directs an automated 

generation of corresponding game mechanics aligned with the established 

learning mechanics. 

- Game Experts: On the game design front, the framework dictates the 

generation of both the game content and gameplay through the selection of 

player profiles and game development tools. The chosen player profile(s) 

guide the automation module in crafting game mechanics tailored to the 

specific player profiles. Thus, game experts contribute by creating 

storytelling, scene generation, dialog generation, and asset creation, aligning 

with the previously generated gameplay and learning content. 

6.4  Validation 
In adherence to the DSR methodology, the evaluation of the proposed serious game 

design framework RAF-SGD is designed to systematically measure its predefined 

objectives. This process involves a comparative analysis of the various components 

within the framework against existing related work, thereby emphasizing the 

distinctive contributions of the proposed framework. Furthermore, to validate the 

effectiveness, efficiency, and impact of the framework on the serious game design 

process, a practical application is undertaken. The framework is actively utilized in the 



design of a specific serious game, providing a real-world context for evaluation. To 

gather comprehensive insights and data on the framework's performance, research 

strategies are employed. Stakeholders, users, and experts in the field are actively 

engaged to contribute their perspectives. Through semi-structured interviews, in-

depth discussions are conducted to delve into nuanced aspects of the framework's 

utility, effectiveness, and efficiency. Simultaneously, questionnaires are distributed to 

collect quantitative data, ensuring a well-rounded understanding of the framework's 

impact on the serious game design process. 

This multifaceted evaluation approach is crucial in ascertaining not only the 

theoretical underpinnings and comparative advantages of the proposed framework 

but also its practical implications and acceptance within the user community. By 

triangulating insights from both qualitative and quantitative research strategies, this 

evaluation aims to provide a robust and comprehensive assessment of the serious 

game design framework's efficacy, thereby contributing to the advancement of design 

science in the domain. 

6.4.1  Comparative Analysis 

Having established the pivotal role played by methods and frameworks in the realm 

of serious game design, this section undertakes a comprehensive literature review 

covering the latest publications from 2020 to 2024 as the most recent and robust 

examination of existing serious game design frameworks available at the time of our 

study was the one conducted by Carrión et al. [52]. Although some research work in 

the field found, none of the approaches studied by Carrión et al. [52] use techniques to 

promote creativity and most of them are not generalizable and non-integrable with 

agile approaches. To address these limitations, Carrión et al. [52] proposed a new 

methodology called iPlus built upon found gaps outperforming previous frameworks. 

this assessment was pivotal in guiding our research focus, as it suggested that a review 

extending beyond iPlus would likely yield diminishing returns in terms of new 

insights or advancements.The methodology employed involves a meticulous search of 

the Scopus database, focusing on advancements in the field during this timeframe. The 

search strategy employs various keywords and their combinations, specifically 

tailored to highlight relevant content related to serious game design, covering 

approaches, methods, and frameworks. The selection criteria ensure a concentration 

on the domain of Computer Science and closely related fields. The subsequent step 

involves an inspection and elimination process to refine the collection filtering out 

works with limited information, followed by the classification of articles into distinct 

thematic sections within this survey in order to cross-compare our proposed solution 

against the latest methods and frameworks for serious game design found in the 

literature. By leveraging the most recent and comprehensive review of serious game 

design frameworks, we aimed to ensure that our proposed framework is evaluated 

against the most relevant and up-to-date benchmarks. This approach not only ensures 



the relevance and applicability of our findings but also reinforces the contribution of 

our research to advancing serious game design methodologies. 
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[153] Yes No Yes  Yes No No No No No Yes Yes 

[170]  Yes No Yes No No Yes Yes  Yes  Yes Yes No 

[160] Yes Yes Yes Yes Yes Yes No Yes No Yes Yes 

[171] No Yes No No Yes Yes No Yes No Yes No 

[172] Yes No Yes Yes Yes Yes No Yes No Yes No 

[47] Yes Yes  No  No  No  No  No No Yes No No 

[173] Yes Yes Yes No Yes  Yes Yes  Yes  No Yes  Yes  

[149] Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes 

[174] Yes No  No No No  Yes  No No  No  Yes  Yes 

[175]  No No No Yes Yes No No Yes No  Yes Yes 

[176] Yes No No  No  No  No  No  No  Yes  Yes  No  

[177] No  Yes Yes  Yes Yes No  No Yes  No Yes Yes  

[178] Yes  Yes Yes  No  No Yes  No  Yes  Yes  No  No 

[179] Yes Yes  Yes  No Yes Yes  No Yes  No Yes  No  

[180] No  Yes Yes  Yes No  Yes  No No  No  No  Yes  

[181] Yes Yes Yes Yes Yes No  No No  Yes  Yes  Yes  

[182] Yes No  Yes  No  No Yes  No Yes  Yes  Yes  Yes  

[183] Yes No No  No  No Yes  No Yes  No  Yes  No  

[184] No  No  No  Yes No  Yes  No  No  No  No  No  

[185] No  No  No No  No  No  No  No  No  No  No  

[186] No  Yes No  No No  Yes  Yes  No No  Yes  Yes  

[187] Yes  Yes Yes  Yes No No No No No Yes  Yes  

[188] No No Yes  No No No No No  No Yes  Yes  

[189] Yes Yes No  No  No  Yes  Yes  Yes  Yes  Yes  Yes  

[190] No No No No  No$ No No No No No No 

[191] No  No  No  No   Yes Yes  No  Yes  No  No  No  

[192] No No No No No Yes  No Yes  Yes  Yes  No  

[193] Yes Yes Yes No  No  Yes  No  Yes  Yes  Yes  No  

RAF-

SGD 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 



Table 6: Comparative Analysis Summary 

In examining found game design methods and frameworks for SGs, several 

commonalities emerged, underscoring key principles that contribute to their 

effectiveness. The comparison of our proposed framework with existing frameworks, 

highlighting its potential advantages, is presented in Table 6. This table outlines key 

features such as automation, reusability, and iterative design, providing a clear 

contrast with other frameworks to emphasize the unique strengths of our approach. 

Iterative Design 

Serious game design frameworks often include processes for the iterative evaluation 

of a game's effectiveness in achieving learning objectives. This involves collecting data, 

analyzing player performance, and implementing improvements to enhance the 

educational value of the game. The concept of "Iterative Design" is supported in 

various ways across frameworks. [172] emphasizes iterative processes through the 

DIJS model, which involves cycles of action and reflection within a prototyping 

process. Similarly, [178] highlights the iterative nature of the IPEOF model, which 

facilitates continuous refinement and adaptation. [187] also supports iterative design, 

though it does not provide specific details beyond a general endorsement of iterative 

methods. In contrast to existing frameworks, our proposed framework, The RAF-SGD 

emphasizes iterative methodologies by incorporating feedback loops in the Validation 

Phase. The process ensures continuous refinement of game content before and during 

development, with repeated iterations until educators are satisfied. 

Collaborative Approach 

Many serious game design frameworks advocate for collaboration and an 

interdisciplinary approach. This entails engaging experts from diverse fields, 

including game design, education, psychology, and technology, to ensure a 

comprehensive and well-rounded design that meets the needs of both educators and 

learners. However, the "Collaborative Approach" is addressed differently among 

frameworks. [171] does not explicitly mention a collaborative approach but supports 

decision-making by educators and game designers based on learning objectives, 

indirectly suggesting a collaborative process. In contrast, [179] actively incorporates a 

collaborative approach through multiplayer SGs, which blend serious games with 

collaborative learning techniques to enhance connection, cooperation, and 

engagement among participants. When compared to other approaches, the RAF-SGD 

relies heavily on collaboration between educators and game experts throughout each 

phase. Co-design workshops and interdisciplinary communication ensure that both 

educational and gaming elements are developed in tandem, ensuring a holistic 

approach. 



Player Profiles 

Serious game design frameworks consistently prioritize the creation of immersive and 

engaging player experiences. This involves leveraging various elements tailored to 

target player profiles in order to enhance motivation and engagement. Different 

frameworks consider player profiles in diverse ways. To illustrate, [160] takes into 

account different player profiles by integrating learning styles, game genres, and 

environments. [172] classifies player profiles using Kolb’s topology and player types, 

while [173] incorporates Bloom’s Taxonomy and the Theory of Multiple Intelligences. 

[177] emphasizes multidisciplinary collaboration and tailored support materials for 

player profiles. [178] addresses the characteristics of digital natives, combining game 

design with learning theories and participatory design methods. [179] uses HCI 

techniques like personas to consider player profiles, and [182] focuses on individual 

task setups and in-game progress tracking. [187] acknowledges diverse player 

interactions and choices, including AI-driven agents, and [188] incorporates cognitive 

styles and personality traits for personalized learning experiences. Unlike found 

methods and frameworks, when it comes to RAF-SGD framework, player profiles are 

determined in the Selection Phase, where game experts select appropriate player 

profiles based on surveys and understanding of target students. These profiles help 

shape gameplay and game mechanics tailored to engage specific audiences. 

LM-GM Framework 

A focal point for serious game design frameworks is the intentional design and 

implementation of game mechanics. These mechanics are crafted to engage players 

effectively, incorporating elements such as challenges, rewards, feedback systems, and 

progression mechanisms. In the same line, SGs design frameworks consistently 

emphasize the alignment of clear learning objectives with game mechanics and 

activities. These objectives delineate the specific knowledge, skills, or behaviors 

players should acquire through gameplay. This can be exemplified by, but is not 

limited to [172],  were the LM-GM framework's integration was notably addressed and 

which employs this methodology to link game mechanics with learning outcomes, 

thereby engaging users through effective game design and mechanics. Where other 

models fall short, our framework integrates the LM-GM framework in the Mapping 

Phase, aligning game mechanics with Bloom’s Taxonomy. Thus, learning mechanics 

are directly mapped to educational objectives, ensuring that game design is 

purposefully educational. 

Bloom’s Taxonomy 

Serious game design frameworks incorporate principles of instructional design, 

ensuring that the learning experience is effective. This involves employing 



instructional strategies, scaffolding techniques, and thoughtful sequencing of content 

to support a structured learning progression. Bloom's Taxonomy can be considered 

part of this as it provides a hierarchical framework for structuring learning objectives, 

which helps align game mechanics with desired cognitive outcomes, ensuring a 

systematic progression of learning. Frameworks vary in their treatment of Bloom’s 

Taxonomy. [173] does not explicitly address Bloom's Taxonomy in relation to its 

framework. However, [149] incorporates Bloom’s extended taxonomy alongside a 

Learning Qualities Framework to structure educational objectives and activities. 

Regarding our framework, Bloom’s taxonomy is used to align learning mechanics with 

specific educational goals. During the Mapping Phase, learning mechanics are tied to 

Bloom’s cognitive domains, ensuring that educational content matches the desired 

learning outcomes. 

Pedagogy 

Pedagogical considerations are addressed with varying emphases across frameworks. 

[170] supports pedagogical principles indirectly through discussions on interactive 

and engaging learning experiences. [160] balances pedagogy with entertainment value 

and considers game genre relative to Bloom's educational objectives. [171] uses Kolb’s 

Experiential Learning Cycle and the Learning Objective-Game Design framework to 

align pedagogical intent with game design. [173] supports pedagogical concepts 

through the DPE framework and iPlus metamodel. [149] emphasizes Bloom’s 

extended taxonomy and the Learning Qualities Framework. [174] incorporates 

constructivism, humanism, and cognitivist theories, along with strategies such as 

challenges and scaffolding. [180] supports situated learning and the educational 

product lifecycle, while [182] discusses adaptation and user data for enhancing 

learning activities. [183] lists 22 learning and teaching functions to align with 

pedagogical concepts. [184] supports GBL concepts, and [186] emphasizes Game-

Based Learning Units (GBLUs) and knowledge transfer. [191] proposes ludo-

interpretation to connect ludification with learning, and [192] aligns game goals with 

learning outcomes. [193] supports various pedagogical concepts related to educational 

game design. With respect to other frameworks, ours supports pedagogy by 

incorporating educational models such as competence models, intelligence models, 

and Bloom’s Taxonomy in the design process. Educators guide the development of 

learning content, ensuring pedagogical alignment. 

Metrics 

Frameworks also vary in their approach to metrics. [170] supports metrics related to 

player knowledge, character evolution, narrative progression, and game flow. [173]'s 

iPlus supports metrics such as process life cycle, story design, and creativity promotion 

according to ISO standards. [186] provides support for metrics related to game data 



and learning analytics, while [189] emphasizes metrics for large-scale projects and 

various delivery platforms. What sets our framework apart is its ability to set quality 

indicators in the Initialization Phase as metrics to measure the success and quality of 

the serious game. These metrics are used in the Validation Phase to evaluate game 

content against predefined educational and functional goals. 

Reusability 

Reuse refers to the practice of utilizing game and learning components across multiple 

serious games. This approach can streamline the development of new games by 

leveraging existing components and knowledge, thereby saving time and resources 

while promoting standardization and interoperability. Different frameworks address 

reusability in varying ways. By way of example, [170] supports reusability by enabling 

the application of its framework in programmable environments for future game 

development. [160] proposes a methodology that identifies game components for 

educational and gameplay purposes, facilitating designer-educator communication. 

[171] introduces the Learning Objective-Game Design framework as a reusable tool for 

connecting learning objectives with game design elements. [173]'s iPlus supports 

reusability through an agile approach, formalization via a metamodel, and integration 

with other methodologies. [179] supports reusability through design patterns, 

frameworks, models, and personas. Unlike previously suggested methods, Reusability 

is a key feature of our framework, allowing educators to reuse existing learning or 

gameplay content from SGs previously designed using the same system. This reduces 

redundant tasks, making the process more efficient and scalable for future game 

development projects. 

Automation 

In this context, automation refers to the use of algorithms and computer programs to 

automate tasks and processes involved in SGs design. While automation aims to 

enhance efficiency, reduce development time, and improve the quality and 

consistency of serious games, its implementation varies across different frameworks. 

For instance, [170] facilitates automation by streamlining game design processes, 

character evolution, and narrative progression. [176] supports automation through a 

structured approach for analytical games, while [193] emphasizes automation in data 

collection and game design considerations. [192] provides automation through 

modifiable prototypes and component interoperability. What differentiates our 

framework from others is that RAF-SGD includes automation in the Mapping Phase, 

where learning mechanics and game mechanics are generated automatically based on 

preselected educational models and player profiles. Automation streamlines content 

creation and reduces manual effort. 



Adaptability 

Some serious game design frameworks highlight the importance of adaptability and 

customization. This flexibility allows games to be tailored to different contexts, learner 

profiles, or specific learning objectives, facilitating personalized and relevant learning 

experiences. Found frameworks address adaptability in various ways. [153] supports 

adaptability through a framework with multiple levels of analysis for development 

and evaluation. [177] integrates domain experts and is flexible in game jam delivery. 

[179] supports adaptability through design patterns and careful consideration of game 

activities for different personas, and [187] emphasizes adaptability through ongoing 

interpretation of circumstances and collaborative learning. In terms of innovation, our 

framework excels by being adaptable to different educational environments and 

player needs. Through the Selection Phase, educators and game experts can choose 

different models, mechanics, and content depending on the game's objectives and 

target audience. 

MDA or DPE Support 

Two widely recognized frameworks that are the MDA framework [194] and the DPE 

framework [195] were used as references. We examined existing serious game design 

frameworks to determine whether they incorporate or support either or both of these 

frameworks, as they are indicators of rigor and have been proven to enhance the 

effectiveness of serious game design. Among found listed frameworks, Support for 

MDA and DPE varied. [153] supports MDA, while [160] and [189] support both MDA 

and DPE. [187] supports both MDA and DPE by promoting complex dynamics 

simulation and integrative knowledge development. [188] supports DPE. Relative to 

existing solutions, our framework aligns with DPE principles: (1) the Initialization, 

Selection, and Mapping Phases focus on structured design based on educational 

objectives. (2) iterative feedback process ensures that gameplay is tested and refined 

even at the prototype stage. (3) the Validation Phase emphasizes evaluation against 

predefined metrics, ensuring continuous improvement. 

6.4.2  Experts Evaluation 

Expert Profiles and Selection 

The evaluation process involved two distinct groups of experts, each playing a critical 

role in the iterative development and validation of the proposed framework. These 

participants consisted of professionals actively engaged in serious game design and 

development, including subject matter experts, game designers, and developers. The 

first group, referred to as the ‘Pilot' group, comprised experts with 5 to 12 years of 

experience in their respective fields. This group was selected for its depth of experience 

and its multicultural perspectives, which were instrumental in providing 

comprehensive feedback on the initial version of the framework. The input gathered 

from the Pilot group was pivotal in identifying areas for refinement and improvement, 



leading to a more robust and adaptable framework. The second group, referred to as 

the 'Validation' group, included experts with a broader range of experience, spanning 

from 1 to 15 years. Like the Pilot group, the Validation group brought together a 

diverse set of multicultural experiences, which was essential for ensuring the 

framework's applicability across different contexts. This group was tasked with 

evaluating the final, refined version of the framework, providing critical insights into 

its effectiveness, efficiency, and overall quality.  

Evaluation Procedure 

Both groups followed a similar evaluation procedure. Prior to completing their 

evaluation forms, participants attended a presentation of the framework, which was 

followed by a practical application example. This session was designed to ensure that 

all experts had a clear and thorough understanding of the framework's components 

and its intended application. During the presentation, the coauthors of the framework 

conducted a question-and-answer session, addressing any uncertainties and clarifying 

key aspects of the framework to ensure that the experts' evaluations were informed 

and accurate. The structured engagement with both the Pilot and Validation groups 

ensured that the framework was rigorously assessed, drawing on the diverse expertise 

and cultural perspectives of the participants. 

Evaluation Instruments 

For the evaluation process, we designed a questionnaire consisting of 7 items gathering 

sociodemographic information about the experts participating in our study. 

Additionally, there were 30 items aiming to measure how these experts perceived the 

value of the RAF-SGD framework as presented in Table 21 of Appendix D. The Likert 

scale used ranged from strongly disagree (1) to strongly agree (5). Our evaluation 

focused on specific performance criteria including efficiency and effectiveness, impact 

on the quality of serious game design, considerations of time and cost. Additionally, 

stakeholder involvement and collaboration were examined while concurrent and 

predictive validity were assessed separately through the TAM [196]. 

Findings and Analysis of Expert Feedback 

The feedback questionnaire aimed to uncover impressions and perceptions regarding 

the value of the RAF-SGD framework. Quantitative data analysis was performed. To 

complement our quantitative findings, we conducted qualitative interviews with the 

participants. The interviews were recorded and/or transcribed for further analysis. 

This approach allowed us to delve deeper into their perceptions of our framework, 

creating a triangulation of both qualitative and quantitative evidence to enhance the 

overall evaluation of the RAF-SGD framework. 

../../../../../Downloads/Final%20Version%20EN%20-%20RAF-SGD%20-%20Experts%20Evaluation%20-%20Google Forms.html


H1. Enhancements made to the serious game design framework based on feedback from 

the 'Pilot' expert group will lead to improved perceptions by the 'Validation' expert 

group. 

The evaluation of the framework's components across both the 'Pilot' and 'Validation' 

groups yielded the following insights: 

- Effectiveness and Efficiency (EE): Both groups rated the framework positively 

in terms of effectiveness and efficiency, with scores ranging from 3 to 5. The 

'Validation' group showed slightly higher scores in some areas, though no 

statistically significant differences were observed between the groups. 

Specifically, components EE5 and EE6 showed a trend towards improvement 

in the 'Validation' group (t = 1.7424, p = 0.1250 for both), while EE8 showed a 

slight trend towards a decrease (t = -1.8359, p = 0.1090), though neither reached 

statistical significance. 

- Quality and Resources (QR): The 'Pilot' group rated the quality and resources 

aspects between 3 and 4, while the 'Validation' group provided slightly higher 

ratings, ranging from 3 to 5. Notably, QR6 demonstrated a statistically 

significant improvement in the 'Validation' group (t = 2.9250, p = 0.0222), 

suggesting progress in this area. However, other QR components did not show 

significant differences between the groups. 

- Interoperability (IO): Both groups consistently rated the interoperability aspects 

highly, with scores between 4 and 5. The data indicated strong positive 

feedback in this area, with no statistically significant differences observed 

between the groups. 

- Technology Acceptance Model (TAM) Components: 

- Perceived Usefulness (PU): Both groups provided positive assessments, 

with scores between 3 and 5, but, no significant difference was found 

between the groups (t = 0.0000, p = 1.0000). 

- Perceived Ease of Use (PEU): The 'Validation' group showed a significant 

improvement in perceived ease of use (t = 3.2404, p = 0.0142), marking the 

most notable finding among all TAM components. 

- Attitude Toward Using (ATU): Although there was a trend towards 

improvement in the 'Validation' group (t = 1.7838, p = 0.1176), it did not reach 

statistical significance. 

- Behavioral Intention to Use (BIU): No significant difference was observed 

between the groups (t = -1.0502, p = 0.3285). 

Overall, the framework was well-received by both expert groups, with the 'Validation' 

group generally showing slightly higher scores, indicating improvements based on 

feedback from the 'Pilot' group. The most significant improvement was observed in 

Perceived Ease of Use (PEU), suggesting that the framework has become easier to use 

over time. Additionally, there was a statistically significant improvement in one aspect 

of Quality and Resources (QR6). However, most other components did not exhibit 



significant changes, implying that the framework's effectiveness, efficiency, and 

interoperability have remained relatively stable between the pilot and validation 

groups.  

The lack of significant changes in many components might be attributed to the small 

sample size, which limits the ability to detect significant differences. A larger sample 

size could potentially reveal more substantial improvements. The trend towards 

improvement in Attitude Toward Using (ATU), although not statistically significant, 

indicates a positive shift in users' attitudes towards the framework. These findings 

suggest that while there have been some notable improvements, particularly in 

perceived ease of use and quality, further enhancements could be made in areas that 

showed trends towards improvement but did not reach statistical significance. Future 

iterations of the framework should focus on these areas to achieve greater effectiveness 

and user satisfaction. 

H2. The level of experience and multicultural background of the experts may influence 

their ratings of the framework's components. 

To explore the relationships between experience, multicultural background, and the 

TAM components more deeply, we used correlation analysis and t-tests to examine 

these relationships. 

 Correlation 

PU_Mean -0.10992625200912384 

PEU_Mean 0.4816727030991568 

ATU_Mean -0.08111071056538063 

BIU_Mean 0.2567271307599146 

Table 7: Correlation Between Experience Years and TAM Components 

As showcased in Table 7, Perceived Ease of Use (PEU) demonstrates a moderate 

positive correlation with years of experience, indicating that more experienced 

individuals tend to find the framework easier to use. Similarly, Behavioral Intention 

to Use (BIU) exhibits a weak positive correlation with experience years. In contrast, 

Perceived Usefulness (PU) and Attitude Toward Using (ATU) both show weak 

negative correlations with experience years, suggesting that as experience increases, 

the perceived usefulness and favorable attitude toward using the framework slightly 

decrease. 

 T-Test p-Value 

PU_Mean -1.2396 0.2551 

PEU_Mean -1.1114 0.3031 

ATU_Mean -5.2915 0.0011 

BIU_Mean -0.7228 0.4933 

Table 8: Influence of Multicultural Experience on TAM Components 



Table 8 presents the results of a t-test analysis assessing the influence of multicultural 

experience on the components of the TAM. Attitude Toward Using (ATU) is the only 

component showing a statistically significant difference, with a t-statistic of -5.2915 

and a p-value of 0.0011, indicating that multicultural experience significantly 

influences attitudes toward using the framework. In contrast, the other components—

Perceived Usefulness (PU), Perceived Ease of Use (PEU), and Behavioral Intention to 

Use (BIU)—show no statistically significant differences, as reflected by their p-values 

of 0.2551, 0.3031, and 0.4933, respectively. 

In short, data suggest that while experience years alone may not strongly influence the 

TAM component ratings and only have a moderate influence on Perceived Ease of Use 

(PEU), multicultural experience could play a role in shaping perceptions as it 

significantly affects Attitudes Toward Using (ATU) the framework. 

H3. Specific components of the framework (e.g., Perceived Ease of Use) have a more 

significant impact on the overall acceptance and intention to use the framework than 

others.  

The correlation analysis between the TAM components revealed the following 

relationships:  

- Perceived Ease of Use (PEU) and Perceived Usefulness (PU): A weak positive 

correlation (0.09) was found, indicating a slight relationship between these two 

components, though not strong. 

- PEU and Attitude Toward Using (ATU): A moderate positive correlation (0.58) 

was observed, suggesting that ease of use likely influences the attitude toward 

using the framework. 

- PU and ATU: A moderate positive correlation (0.32) was also noted, indicating 

that perceived usefulness contributes to forming a positive attitude toward 

using the framework. 

- ATU and Behavioral Intention to Use (BIU): A moderate positive correlation 

(0.47) was found, implying that a positive attitude toward using the framework 

tends to lead to a stronger intention to use it. 

Further regression analyses provided additional insights regarding the statistical 

significance of these revealed relationships. 

- PEU and PU: The relationship was very weak (R-squared = 0.008) and not 

statistically significant (p-value = 0.815), indicating no meaningful link between 

ease of use and perceived usefulness. 

- PEU and ATU: Although the relationship was moderate (R-squared = 0.333), it 

was not statistically significant at the 0.05 level (p-value = 0.101), suggesting that 

while ease of use influences attitude toward using, this effect was not confirmed 

by the data. 



- PU and ATU: The relationship was weak (R-squared = 0.100) and not 

statistically significant (p-value = 0.406), indicating only a minor influence of 

perceived usefulness on attitude toward using. 

- ATU and BIU: The relationship was moderate (R-squared = 0.222) but also not 

statistically significant (p-value = 0.200), suggesting some influence of attitude 

on behavioral intention, though not confirmed by the sample. 

Overall, the relationships between the TAM components were generally positive, 

consistent with TAM theory. However, none of the relationships reached statistical 

significance at the 0.05 level, likely due to the small sample size (n=9), which limits the 

power of the statistical tests. The strongest observed relationship was between PEU 

and ATU (R-squared = 0.333), indicating that Perceived Ease of Use has the most 

substantial impact on Attitude Toward Using. The moderate relationship between 

ATU and BIU (R-squared = 0.222) suggests some influence of attitude on behavioral 

intention, though not statistically confirmed in this sample. The weak relationship 

between PEU and PU suggests that ease of use does not necessarily imply perceived 

usefulness within this context.  

It is important to acknowledge the significant limitation posed by the small sample 

size. With only nine observations, the ability to detect statistically significant 

relationships is limited, even if such relationships exist in the broader population. A 

larger sample size would yield more reliable results and could potentially reveal 

significant relationships not apparent in this analysis. 

6.5  Threats to validity 
Internal Validity: As we're comparing pilot and validation groups, selection bias is a 

significant concern. The differences we observe might be due to inherent differences 

between the groups rather than the intervention itself. To mitigate this concern we 

made sure to have coherent groups with similar experience ranges. If the validation 

group had more time to familiarize themselves with the framework or related 

concepts, this could affect the results, particularly the improvement in Perceived Ease 

of Use (PEU). To mitigate this threat we made sure to follow the same evaluation 

protocol with both the pilot and validation group including session duration. 

External Validity: The sample size appears to be relatively small, which limits our 

ability to generalize the findings to larger populations. We don't have information 

about the specific context in which the framework was tested, so it's unclear how well 

these results would generalize to real-world settings. Thus, as part of the ongoing work 

part of this thesis we are continuing to conduct a border evaluation of this framework 

with more experts in the field and have another evaluation to be conducted by serious 

game stockholders reporting their in-action feedback using the framework to design a 

serious game. 



Construct Validity: The use of multiple items for each construct (EE1-EE8, QR1-QR7, 

IO1-IO3, etc.) suggests an attempt to fully capture each construct. However, the need 

to examine the specific questions to ensure they adequately represent the constructs is 

a must. To have this threat covered we made sure to have the questionnaire revised by 

fellow experts in this context prior to conducting the evaluation. In addition, since all 

measures were self-reported on a similar scale, which could introduce bias. Mixed 

methods (qualitative data alongside quantitative) were used to triangulate findings 

and reduce mono-method bias and strengthen construct validity. 

Conclusion Validity: The small sample size (evident from the degrees of freedom in 

the t-tests) limits the statistical power. This could explain why we see trends towards 

significance in some measures but not full statistical significance. To address this threat 

we resumed the evaluation with a larger pool of experts to improve statistical power 

and reduce the impact of random variance. 

6.6  Conclusion 
In conclusion, the ongoing development of the RAF-SGD represents a significant 

leap toward addressing critical challenges in the serious game design landscape. The 

framework, emphasizing collaboration, adaptability, and a holistic approach to 

integration, holds promise in transforming the way serious games are conceptualized 

and developed. The iterative nature of the RAF-SGD not only minimizes redundancy 

but also paves the way for sustained and efficient serious game development. The 

RAF-SGD has significant implications for educators and game developers. Educators 

benefit from a guided and easy-to-follow co-design process, ensuring alignment with 

educational objectives and efficient integration of pedagogical models and mechanics. 

Game developers gain automation support, improved collaboration, and effective 

stakeholder communication. The main takeaway is that the RAF-SGD stands out as a 

game-changing approach, surpassing existing frameworks in its comprehensive 

coverage, reuse, and automation aspects. Moving forward, an imperative aspect of our 

work intend to conduct a comparative study involving the development of a serious 

game using the RAF-SGD against other methodologies and spontaneous 

development. This comparative analysis will offer valuable insights into the unique 

contributions and advantages of the RAF-SGD in the realm of serious game design. 
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CONCLUSION 

 

This thesis has presented a comprehensive investigation into serious game design 

through the application of a design science methodology, culminating in the 

development and validation of an evidence-based framework. The research journey 

began with a mapping study of serious games in the realm of software engineering, 

revealing critical gaps and opportunities for improvement. Along with this, a long-

term controlled experiment was conducted to evaluate the impact of serious games 

integrated into classroom settings alongside traditional teaching methods. This 

experiment provided valuable insights into the effects of serious games on students' 

academic performance and the influence of educators' familiarity with these games on 

their effectiveness. The findings from both studies underscored the need for a 

structured approach to serious game design and implementation. To address this, a 

framework was proposed that strives to balance the serious and enjoyable aspects of 

game design, ensuring efficacy, efficiency, and quality while optimizing resource use 

through reuse and automation. The framework was rigorously validated through 

expert reviews, cross-comparison with existing frameworks, and preliminary 

application in a real-world serious game design project. These validation steps have 

confirmed the framework’s utility and its alignment with the core principles of 

effective serious game design. Ongoing efforts will focus on further validation of the 

framework by engaging additional experts and obtaining feedback from stakeholders 

actively using the framework in serious game design. Future research will also involve 

a comparative evaluation of serious games designed using the framework against 

those developed intuitively or with alternative frameworks. This comparative analysis 

aims to provide a deeper understanding of the framework’s contributions and 

advantages in game design, ultimately enhancing the development and 

implementation of serious games. In conclusion, this research contributes significantly 

to the field of serious game design by providing a robust framework that addresses 

existing challenges and promotes best practices. The evidence-based approach 

adopted throughout this study ensures that the framework is not only theoretically 

sound but also practically applicable, paving the way for more effective and engaging 

serious games in educational contexts. 
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9 
APPENDICES 

 

9.1 Appendix A 
Data Items Values RQ 

General study ID The identifier of the 

article 

- 

DOI Number The Digital Object 

Identifier of the article 

 

Article title The name of the article - 

Authors names The set of authors 

names 

- 

Source The database in which 

the article was published 

- 

Publication channel The name of the 

publication channel and 

whether the latter is a 

journal, a book series, a 

conference, a workshop, 

or other.. 

- 

Year of publication  The calendar year - 

Research types Whether the study is an 

evaluation research, a 

validation research, a 

solution proposal, a 

philosophical paper, an 

experience report, or an 

opinion paper 

- 

Research method The size of the samples, 

the number of groups 

used in the study, and 

whether the latter were 

- 



experimental groups or 

control group, the 

statistical test used, and 

the outcomes of the 

evaluations. 

Area in SE Which SWEBOK Area RQ1 

Bloom’s levels The bloom’s levels 

addressed in SGs 

RQ2 

Game Dynamics The game dynamics 

implemented in SGs 

RQ2 

Game-related 

approaches 

The game mechanics 

and the gamification 

elements implemented in 

SGs 

RQ3 

Learning mechanics The learning mechanics 

implemented in SGs 

RQ3 

Player profile The kind of player 

profiles addressed in SGs 

for SE, the classification 

adopted for the player 

profiles in SGs for SE, the 

characteristics of the 

player profiles identified, 

the adaptations of the 

gameplay to match the 

player profiles 

RQ4 

Table 9: Data Items 

Research Process  

Need for the map Motivate the need 

and relevance 

Yes 

Define objectives 

and questions 

Yes 

Consult target 

audience to define 

questions 

No 

Study ident Choosing search strategy Database search Yes 

Snowballing Yes 

Manual search Yes 

Develop search PICO Yes 

Consult experts Yes 

Iteratively 

improve 

Yes 



Search Keywords from 

known papers 

Yes 

Use standards, 

encyclopedias 

Yes 

Search evaluation Paper test-set No 

Expert evaluation No 

Authors’ web 

pages 

No 

Test–retest No 

Inclusion/exclusion Identify objective 

criteria for decision 

Yes 

Resolve 

disagreements 

among multiple 

researchers 

Yes 

Decision rules Yes 

Extr./Class. Extraction process Identify objective 

criteria for decision 

Yes 

Obscuring 

information that 

could bias 

Yes 

Resolve 

disagreements 

among multiple 

researchers 

Yes 

Topic-independent 

 

Research type Yes 

Research method Yes 

Study focus Yes 

Contribution type No 

Venue type Yes 

Topic-specific Emerging scheme No 

Use of standards, 

etc. 

No 

Study validity Discussion of threats Yes 

Line diagram Yes 

Pie diagram Yes 

Bar plot Yes 

Bubble plot Yes 

Venn diagram No 

Heatmap Yes 

Table 10: Study Assessment Checklist 

  



9.2 Appendix B 

 

SG Area 

in SE 

Environ

ment 

Prici

ng 

Focus 

S
G

s 
S

o
lu

ti
o

n
s 

XL-CITR [197] 

 

SM 
 

N

R 

Professi

onal 

Floors [198] CF 
 

N

R 

 

Secret Ninja Testing [84] SEM Standalo

ne 

N

R 

Professi

onal 

ProDec [86] [199] [200] [201] SEM Standalo

ne 

N

R 

Acade

mic 

CSC [202] SR Non-

digital 

N

R 

Professi

onal 

PlayScrum [124] SEP Non-

digital 

N

R 

Acade

mic 

iThink [138] SEP Non-

digital 

N

R 

Acade

mic 

Planning poker [32] SEP Standalo

ne 

N

R 

Professi

onal 

Requengin [203] SEP Standalo

ne 

N

R 

 

Sifu [204] SEP Standalo

ne 

N

R 

 

RU Ouija [205]  
 

N

R 

 

CENGO [36] SR Web N

R 

Acade

mic 

Collaborative Kanban Board Game [206] SR Non-

digital 

N

R 

Professi

onal 

DdSG [207] CF Web N

R 

Acade

mic 

The Essence of Software Engineering – 

The Board Game [35] 

CF IoT N

R 

Acade

mic 

BPMN Wheel [208] SEM Non-

digital 

N

R 

Acade

mic 

Classutopia [80] SEM Non-

digital 

Pa

id 

Acade

mic 

Object-Oriented Sokoban Solver [209] SEPP Standalo

ne 

N

R 

Acade

mic 

SimSYS GDP [85] SEPP Web N

R 

 



ConnectIT [210]  MF 
 

N

R 

 

Robot ON! [72] SR 
 

N

R 

 

RoboBUG [211] SD Mobile N

R 

 

White Crow PM [136] SEPP Standalo

ne 

N

R 

Acade

mic 

Light bot & Code Combat [212] SQ Standalo

ne 

N

R 

 

Go For It! [38] ST Standalo

ne 

N

R 

Acade

mic 

TAPASPlay [213] SR Non-

digital 

N

R 

Professi

onal 

Ethical_Dilemmas [73] CF 
 

N

R 

 

ScrumGame [77] SEM Mobile N

R 

Professi

onal 

ENC#YPTED [214] SEM Standalo

ne 

N

R 

Acade

mic 

SCRUMI [215] SEM Web N

R 

Acade

mic 

It'sa Game [216] SEM Web N

R 

Acade

mic 

SCRUMIA [37] SEM Non-

digital 

N

R 

Acade

mic 

SCRUM‐X  [137] SEM Standalo

ne 

N

R 

Professi

onal 

GSD Sim [217] SEM Standalo

ne 

N

R 

Acade

mic 

SimVBSE  [218] SEM  N

R 

Acade

mic 

 SimjavaSP [219] SD Web N

R 

Acade

mic 

SESAM  [39] SEM Standalo

ne 

N

R 

Acade

mic 

DELIVER! [220] SEM Non-

digital 

N

R 

Acade

mic 

Become a Scrum Master[74] SEM IoT N

R 

Acade

mic 

Pointer Attack [221] CF Standalo

ne 

N

R 

Acade

mic 



Another Week at the Office (AWATO) 

[222] 

SEPP Standalo

ne 

N

R 

Acade

mic 

PROTECT [223] SEPP Standalo

ne 

N

R 

Professi

onal 

CounterMeasures [224] 

 

CF  N

R 

Acade

mic 

SimSE [225] SEP Standalo

ne 

N

R 

Acade

mic 

GSD-Aware [33] SEPP Standalo

ne 

N

R 

Acade

mic 

PenQuest [226] SEPP Non-

digital 

N

R 

Acade

mic 

S
G

s 
A

p
p

ro
ac

h
es

 

NR [27] SEM Non-

digital 

N

R 

Acade

mic 

NR [227] SR Standalo

ne 

N

R 

Acade

mic 

NR [71] SEP Standalo

ne 

N

R 

Acade

mic 

NR [228] SEP Standalo

ne 

N

R 

Professi

onal 

NR [34] 
 

Standalo

ne 

N

R 

Acade

mic 

NR [229] 

 

SEM Standalo

ne 

N

R 

Acade

mic 

NR [230] CF 
 

N

R 

 

NR [231] SQ 
 

N

R 

 

NR [83] SD 
 

N

R 

 

NR [232] CF Standalo

ne 

N

R 

Acade

mic 

NR [233] SEM Non-

digital 

N

R 

Acade

mic 

NR [234] CF Mobile N

R 

Acade

mic 

NR [235] ST Web N

R 

Professi

onal 

NR [236] SEM  N

R 

 

NR [237] SEPP Web N

R 

Professi

onal 



Table 11: SGs in SE List 

SM: Software maintenance, CF: Computing foundations, SEM: Software engineering 

management, SR: Software requirements, SEP: Software engineering process, SEPP: Software 

engineering professional practice, MF: Mathematical foundations, SD: Software design, SQ: 

Software quality, ST: Software testing. 

 

 

 

 

 

 

 

 

 

 

 

 

NR [76] SEM Web N

R 

Professi

onal 

NR [238] SEM Non-

digital 

N

R 

Acade

mic 

NR [79] SEM Standalo

ne 

Fr

ee 

Acade

mic 

NR [139] SEM  N

R 

Acade

mic 

NR [75] SR Standalo

ne 

N

R 

Professi

onal 

NR [239] SEPP Standalo

ne 

N

R 

Professi

onal 

NR [70] ST Plugin N

R 

Acade

mic 

NR [240] SEPP Standalo

ne 

N

R 

Other 

NR [241] SEM Web N

R 

Acade

mic 

NR [242] SEM Non-

digital 

N

R 

Other 



9.3 Appendix C 
 

Research Type Selected Studies Total 

Evaluation research [227] [202] [203] [243] [237] [77] [76] [75] 

[239] [223] 

10 

Experience paper [242] [199] [200]  3 

Opinion paper [205] [229] 2 

Philosophical paper [27] [210] 2 

Solution proposal [70] [71] [85] [244] [72] [234] [245] [214] 

[217] [218] [219] [86] 

12 

Validation research [197] [198] [84] [201] [228] [124] [138] [32] 

[204] [34] [36] [206] [207] [35] [208] [80] [230] 

[209] [231] [211] [136] [212] [232] [38] [246] 

[73] [215] [216] [238] [79] [37] [137] [139] [33] 

[224] [225] [69] [220] [74] [221] [222] [240] 

[241] [226] 

44 

Table 12: Distribution of selected studies by research type 

 

Environment Selected Studies Total 

IoT [246] [74] 2 

Mobile [80] [212] [77]  3 

Non Digital [242] [227] [124] [205] [206] [35] [208] 

[136] [247] [38] [248] [238] [37] [225] [220] 

[226] 

16 

Plugin [84] 1 

Standalone [70] [198] [199] [200] [201] [32] [203] [204] 

[207] [209] [72] [211] [245] [73] [237] [214] 

[79] [137] [33] [217] [39] [86] [75] [221] [222] 

[239] [223] [240] 

28 

Web [202] [138] [36] [83] [235] [215] [216] [76] 

[219] [241]  

10 

N/A [197] [27] [71] [228] [34] [229] [231] [85] 

[210] [249]  [139] [224] [218] 

13 

Table 13: Distribution of selected studies by Environment 

 

SWEBOK Areas Selected Studies Total 

Software engineering 

management 

[27] [74] [76] [77][79] [37] [80] [84] [86] 

[199] [200] [201] [208] [214] [215] [216] [137] 

[217] [218] [39] [220] [229] [233] [236] [238] 

[139] [241] [242]  

28 

Software maintenance [197] 1 



Software testing [70] [38] [235] 3 

Computing 

foundations 

[73] [230] [234] [198] [207] [35] [221] [224] 

[232] 

9 

Software 

requirements 

[202] [36] [206] [72] [75] [213] [227]  7 

Software design [83] [211] [219] 3 

Software engineering 

process 

[71] [124] [138] [32] [203]  [204] [225] [228] 8 

Software engineering 

professional practice 

[33] [209] [85] [136] [222] [223] [226] [237] 

[239] [240] 

10 

Software quality [231] [212] 2 

Mathematical 

foundations 

[210] 1 

Table 14: Distribution of selected studies by SWEBOK area 

 

Publication Channel Selected Studies Total 

Journal [198] [201] [202] [32] [203] [204] [213] [37] 

[220] [33] [226] [27] [235] [75] 

14 

Conference [197] [199] [200] [86] [124] [138] [205] [36] 

[206] [207] [35] [208] [80] [209] [85] [211] 

[136] [212] [38] [73] [77] [214] [215] [216] 

[137] [217] [218] [219] [39] [74] [221] [222] 

[223] E [225] [227] [228] [34] [229] [230] [231] 

[83] [232] [233] [234] [236] [76] [238] [79] 

[139] [239] [70] [240] [241] [242] 

54 

Workshop [84] [72] [224] [71] 4 

Other [210] [237] 2 

Table 15: Distribution of selected studies by publication channels 

 

Success Factors  Selected Studies Total 

Backstory & 

Production 

[197] [70] [84] [202] [36] [35] [208] [83] [72] 

[211] [136] [38] [213] [236] [214] [216] [238] 

[37] [137] [33] [225] [217] [218] [219] [39] [86] 

[75] [74] [221] [222] [223] [240] [241] [226] 34 

Realism 

[70] [227] [202] [136] [236] [237] [214] 

[139] [33] [224] [217] [218] [219] [39] [220] 

[86] [74] [222] [223] [240] [226] 21 

AI & Adaptivity 

[198] [200] [201] [71] [203] [231] [85] [211] 

[232] [38] [236] [214] [33] [39] [74] [222] [239] 17 

Interaction 

[84] [228] [32] [35] [72] [233] [216] [225] 

[219] [220] 11 



Feedback & 

Debriefing 

[83] [72] [211] [136] [232] [38] [237] [77] 

[214] [215] [216] [238] [37] [137] [139] [33] 

[218] [219] [39] [220] [221] [239] 21 

Table 16: Distribution of selected studies by success factors 

 

Gamification 

Elements 

Selected Studies Total 

Consequences [225] 1 

Voting [75] 1 

Anonymity [75] 1 

Investments [136] [218] 2 

Unlockables [211] [237] 2 

Prizes [238] [221] 2 

Virtual Economy [136] [33] 2 

Innovation Platform [221] [239] 2 

Flow [38] [233] [214] 3 

Fixed Rewards [83] [38] [235] [74] 4 

Theme [214] [37] [75] [74] 4 

Narrative [83] [238] [37] [75] 4 

Development Tools [232] [38] [214] [224] 4 

Badges [70] [200] [207] [86] [75] 5 

Customization [200] [211] [232] [38] [214] [33] 6 

Competition [200] [136] [213] [77] [215] [238] [220] [75] 8 

Learning [210] [77] [238] [139] [33] [224] [225] [217] 8 

Strategy 

[83] [210] [73] [77] [238] [37] [225] [217] 

[220] [223] [226] 11 

Quests 

[70] [198] [84] [200] [71] [77] [214] [215] 

[238] [33] [224] [39] [86] [239] 14 

Leaderboard 

[70] [198] [227] [84] [138] [36] [229] [207] 

[235] [73] [237] [215] [238] [75] 14 

Challenges 

[242] [231] [85] [212] [236] [237] [238] [37] 

[139] [33] [224] [75] [74] [221] [239] 15 

Level/Progression 

[70] [200] [231] [83] [72] [211] [232] [38] 

[236] [77] [214] [76] [224] [225] [220] [86] 

[75] [221] [223] 18 

Time Pressure 

[200] [72] [136] [232] [38] [235] [236] [237] 

[77] [215] [216] [37] [139] [39] [220] [86] [74] 

[241] 19 

Time Dependent 

[70] [200] [72] [211] [232] [38] [235] [236] 

[237] [77] [215] [216] [37] [139] [33] [225] 

[219] [39] [220] [86] [241] 21 



Progress/feedback 

[227] [200] [27] [229]  [35] [83] [210] [211] 

[136] [38] [213] [236] [73] [214] [215] [216] 

[137] [139] [225] [39] [220] [86] [74] [222] 

[223] [241] 26 

Points 

[242] [70] [198] [227] [84] [200] [124] [138] 

[36] [229] [207] [35] [231] [83] [136] [232] 

[38] [233] [213] [235] [236] [237] [238] [33] 

[224] [39] [75] [222] [223] [241] [226] 31 

Table 17: Distribution of selected studies by gamification elements 

 

Game Mechanics Selected Studies Total 

Design/Editing [34] 1 

Tokens [236] 1 

Pavlovian Interactions [219] 1 

Cooperation [229] [139] 2 

Game turns  [207] [224] [239] 3 

Questions & Answers [214] [37] [75] 3 

Competition [197] [199] [214] [215] [224] 5 

Progression [34] [36] [33]  [218] [39] 5 

Assessment [231] [136] [215] [76] [217] [39] 6 

Strategy Planning [36] [216] [137] [218] [39] [220] [240] 7 

Collaboration 

[199] [34] [234] [235] [215] [137] [139] 

[220] 8 

Time Pressure 

[199] [210] [139] [224] [225] [218] [219] 

[39] 8 

Feedback 

[214] [215] [76] [37] [137] [139] [217] [218] 

[219] 9 

Tutorial 

[85] [210] [72] [212] [232] [73] [79] [37] 

[39]  [74] [222] 11 

Resources 

Management 

[197] [234] [235] [216] [137] [139] [224] 

[225] [217] [218] [39] [220] [240] [241] 14 

Rewards/Penalties 

[231] [211] [235] [214] [215] [76] [139] [33] 

[224] [225] [220] [74] [239] [240] 14 

Cut Scene/Story 

[197] [227] [207] [210] [211] [234] [235] 

[139] [217] [220] [75] [74] [221] [239] [223] 

[241] 16 

Realism 

[197] [198] [71] [211] [235] [73] [137] [33] 

[225] [217] [218] [219] [39] [220] [75] [221] 

[239] [223] [241] 19 

Role-Play 

[242] [71] [35] [210] [72] [232] [215] [79] 

[37] [139] [224] [225] [217] [218] [219] [75] 

[221] [223] [240] [241] 20 



Table 18: Distribution of selected studies by game mechanics 

 

Learning Mechanics Selected Studies Total 

Planning [219] 1 

Identify [240]  1 

Cooperation [213] 1 

Question & Answer [77] 1 

Explore [206] 1 

Analyze [240] [239]  2 

Tutorial [137] [220] 2 

Collaboration [200] [213] [236] 3 

Participation [38] [238] [74] 3 

Guidance [200] [137] [74] 3 

Repetition [214] [75] [221] 3 

Assessment [212] [77] [33] [86] 4 

Motivation [210] [136] [232]  [77] 4 

Competition [70] [200] [77] [75] 4 

Reflect/Discuss [206] [213] [86] [75] [74] 5 

Feedback [77] [218] [219] [74] [239] 5 

Instruction [227] [83] [236] [137] [75] [74] 6 

Action/Task 

[240] [232] [38] [77] [137] [39] [75] [74] 

[221] [223]  [241] [226] 12 

Simulation 

[240] [242] [227] [228] [203] [204] [85] 

[136] [236] [214] [137] [139] [33] [217] [218] 

[219] [39] [220] [86] [223] [226] 21 

Table 19:  Distribution of selected studies by learning mechanics 

  

Game Dynamics Selected Studies Total 

Multiple Strategies [77] 1 

Resource Scarcity [236] 1 

Deck/Hand building [225] 1 

Feedback [77] [85] 2 

Collaboration [76] [200] 2 

Conflict [33] [75] 2 

Turn Based [77] [35] 2 

Chance [220] [86] [226] [80] 4 

Negotiation [76] [79] [37] [86] 4 

Limited Actions [33] [226] [77] [225] [218] 5 

Competition [37] [220] [70] [200] [77]  5 

Realism 

[236] [139] [33] [220] [86] [226] [240] [39] 

[217] [70] 10 



Teams 

[84] [235] [236] [216] [76] [79] [37] [137] 

[139] [220] [86] [75] 12 

Table 20: Distribution of selected studies game dynamics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9.4 Appendix D 

Effectiveness & 

Efficiency 

 

EE1- The RAF-SGD minimizes duplication of tasks between 

stakeholders 

EE2- The RAF-SGD automation mechanism contributes to the 

effectiveness of the proposed framework. 

EE3- The framework allows the traceability of errors and 

inconsistencies. 

EE4- The framework helps define the goals of the game design 

EE5- The framework contributes to improving the 

understanding and delimitation of the design stages of a serious 

game 

EE6- The RAF-SGD contributes to an efficient and organized 

workflow in serious game design 

EE7- The RAF-SGD facilitates the transfer of knowledge/artifacts 

between different serious game designs 

EE8- The framework facilitates the adaptation of the serious 

game to different approaches (pedagogical, competitions, 

player, ...) 

Quality 

&  Resources 

QR1- You perceive that the use of the framework improves 

the educational quality of the game. 

QR2- You perceive that the application of the framework 

improves the entertainment quality of the game. 

QR3- You perceive that the framework contributes to the 

creation of more engaging and effective serious games. 

QR4- You perceive that RAF-SGD contributes to the reduction 

of the time needed for each phase of the serious game design 

process. 

QR5- The framework facilitates faster iteration and prototyping 

in the serious game development cycle. 

QR6- You perceive that the framework facilitates resource 

optimization, for example, by encouraging knowledge transfer 

between different serious game projects. 

QR7- The framework's emphasis on promoting reusability 

contributes to the overall quality of serious games. 

Interoperability 

IO1- The RAF-SGD successfully identifies and clarifies the 

responsibilities of stakeholders in different stages of the serious 

game design process. 

IO2- I see the value in using this process in a multi-disciplinary 

game design team. 

IO3- I think that the process allows all stakeholders the 

opportunity to collaborate and provide their input  



T
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Perceived 

Usefulness 

PU1- The RAF-SGD framework can be understood quickly 

without extensive training or guidance. 

PU2- The use of RAF-SGD would improve the learning 

outcomes of serious games. 

PU3- The RAF-SGD is beneficial in addressing the specific 

challenges of serious game design compared to other available 

methodologies. 

Perceived 

Ease Of 

Use 

PEU1- The RAF-SGD generates and stores temporary artifacts, 

enabling stakeholders to pause or switch projects without 

disrupting the design process 

PEU2- The RAF-SGD leads to a straightforward and user-

friendly design approach 

PEU3- The RAF-SGD it is simpler and easier to adopt than other 

serious game design frameworks or methodologies. 

Attitude 

Toward 

Using 

ATU1- You are inclined to incorporate RAF-SGD into your 

future serious game development projects. 

ATU2- The RAF-SGD is in line with your personal values and 

professional goals as  a serious game stakeholder. 

ATU3- You perceive that RAF-SGD has the potential to 

revolutionize the field of serious game design. 

Behavioral 

Intention 

To Use 

BIU1- You will actively advocate for the adoption of RAF-SGD 

within your professional network of serious gaming 

stakeholders. 

BIU2- You would be willing to invest time and resources in 

learning and implementing RAF-SGD into your organization's 

serious game development processes. 

BIU3- There are some situations where one might choose not to 

use RAF-SGD despite recognizing its potential advantages for 

serious game design. 

Table 21: Survey Items and Constructs for Evaluating the RAF-SGD Framework  




