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Abstract 

This study comprehensively examines the game development process from both pedagogical and 
technological perspectives. The research is based on a literature review approach, a qualitative 
research method. Within the scope of the study, current literature in the field of game-based 
learning and educational digital games was analyzed, and an Educational Digital Game 
Development Model (EDOGM) was proposed based on the findings. The model consists of five 
main components: learning objectives, game mechanics, interaction design, feedback, and 
measurement and evaluation. Furthermore, to test the explanatory power of the model, seven 
different educational digital game environments were analyzed comparatively. The findings reveal 
that, for educational digital games to be an effective learning tool, a balanced structure must be 
established between pedagogical suitability, game design, and evaluation processes. This study 
contributes to theoretical and applied studies in the field by providing a holistic framework for the 
educational digital game development process. 
Keywords: educational digital game, game-based learning, educational game design, model 
development, EDOGM, learning mechanics 

 

Introduction 

The rapid development of digital technologies over the last two decades has significantly 

altered the nature of teaching and learning processes. With the diversification of ways to access 

information, the proliferation of mobile devices, and the strengthening of an online interaction culture, 

students' expectations of their learning experiences have also transformed (Dilekçi & Karatay, 2023). 

One of the most visible areas of this transformation is digital games. Initially viewed primarily as a 

leisure activity, digital games are now considered learning environments associated with higher-order 

cognitive processes such as problem-solving, strategic thinking, collaboration, quick decision-making, 

and lasting learning (Maiorca et al., 2020; Norris et al., 2023). This paradigm shift has propelled digital 

games into the pedagogical discourse as potent tools for fostering inclusive and engaging learning 

experiences across diverse educational contexts (Jonás ̆& Ogodo, 2025).  

The game-based learning approach is noteworthy for enabling students to actively participate 

in the learning process, learn through making mistakes, and visibly monitor their progress. This 

approach leverages the inherent engagement of games to foster deep learning and skill acquisition, 
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moving beyond traditional didactic methods (Kucher, 2021). Digital Game-Based Learning specifically 

integrates digital games into instructional contexts with the primary objective of learning rather than 

mere entertainment, distinguishing it from broader game-based learning applications (Çiftci & Yıldız, 

2024). These educational digital games are specifically designed to meet distinct pedagogical and ludic 

criteria, ensuring both their effectiveness as learning tools and their appeal as interactive experiences 

(Martínez et al., 2022).  

In this context, educational digital games are considered not only as tools that provide content 

but also as integrated systems that structure learning, support motivation, and provide feedback 

(Manesis, 2020; Tokarieva et al., 2019). This evolution necessitates a structured methodological 

framework for their design and development to ensure pedagogical efficacy and engaging player 

experiences (Panskyi & Rowińska, 2021; Santos, 2018). Various methodologies and frameworks have 

been proposed to guide the creation of serious games and educational digital games, emphasizing the 

need for a balanced integration of learning objectives and game mechanics (Pacheco-Velázquez et al., 

2023). This integration is crucial for maintaining student engagement and ensuring that the 

educational content remains aligned with contemporary pedagogical practices (Naidoo, 2024). This 

entails a deliberate design process that harmonizes educational outcomes with intrinsically motivating 

gameplay elements, reflecting a constructivist approach where learners actively construct knowledge 

through interactive experiences (Darvishinia & Goodson, 2024).  

The transformation of students from passive recipients to active participants is considered one 

of the strongest pedagogical aspects of games. This active engagement, facilitated by features such as 

immediate feedback, interactive challenges, and opportunities for experiential learning, can 

significantly enhance intrinsic motivation and lead to improved learning outcomes (Jeanette et al., 

2022; Patiño et al., 2023). Numerous empirical and meta-analytic studies in the literature demonstrate 

that educational digital games have positive effects on academic achievement, class participation, 

motivation, and lasting learning (Boyle et al., 2015; Calderón & Ruiz, 2015; Clark et al., 2015). These 

studies show that game-based learning environments support learning, particularly through elements 

such as interaction, repetition, immediate feedback, and goal-oriented progress (Deliyannis et al., 

2019; Djelil et al., 2014). However, it is also emphasized that these positive effects are not 

automatically valid for every game; they vary depending on factors such as design quality, pedagogical 

suitability, and user experience (Stoddard, 2015). 

For educational digital games to be effective, it is not enough for them to be merely fun or 

technically functional.  Instead, a meticulous alignment between pedagogical objectives, game 

mechanics, and user engagement strategies is essential to create impactful learning experiences (Zuo, 

2023). This requires a comprehensive understanding of how game elements can be purposefully 

integrated to support learning outcomes, fostering not only cognitive development but also enhancing 



Serdar Çiftçi 

20 
 

critical thinking and problem-solving skills (Kurt & Dindar, 2024; Wang et al., 2022). Games that are 

not aligned with learning objectives, limit user interaction, or lack adequate feedback mechanisms 

cannot provide the expected educational contribution (İlkay & Atık̇, 2024). Therefore, the educational 

game development process should be considered a multi-layered design process that addresses 

pedagogical, technical, and experiential dimensions together (Arnab et al., 2014). 

The educational digital game development process is not limited to software development 

steps alone. Learning theories, instructional design principles, audiovisual design, user experience, 

measurement and evaluation, and the application context must be considered together in this process 

(Aydoğan & Karabağ, 2020). This multi-component structure necessitates an interdisciplinary approach 

(Sobota et al., 2023). When the fields of educational sciences, game design, and software development 

are not integrated, either pedagogical goals weaken or the game experience remains superficial 

(Mavromihales et al., 2018). This fragmentation often leads to inconsistent literature and referencing 

patterns across sub-disciplines, complicating the synthesis of knowledge in this rapidly evolving field 

(Freitas, 2018). A holistic framework is therefore essential to bridge these disciplinary divides, 

providing pragmatic guidance for optimizing learning outcomes and addressing the design variations 

inherent across different educational disciplines (Huo, 2019).  

While interest in educational digital games has increased in some applications, a significant 

portion of the developed applications still contains limited interactive elements and are largely based 

on test logic (Erümit et al., 2022). Such designs often fail to fully leverage the potential of digital games 

to create immersive and motivating learning experiences, frequently resulting in low-level visuals and 

basic applications akin to digital worksheets rather than engaging educational tools (Erümit et al., 

2022). This often leads to a disconnect between the interactive potential of digital games and their 

actual implementation in educational contexts, hindering their capacity to foster deeper learning and 

engagement (Putri et al., 2023). In contrast, exemplary applications are characterized by deeper 

narrative structures, open-ended problem-solving environments, and adaptive systems (Davis et al., 

2023). This situation demonstrates that the educational game development process should consider 

not only content production but also high-quality design approaches. 

This study aims to gather the scattered knowledge regarding the educational digital game 

development process within a more systematic framework. To this end, the concept of educational 

digital games and their related theoretical foundations are first examined; then, a usable model for 

developers and researchers is proposed. Finally, selected applications are analyzed to demonstrate the 

explanatory power of the model. In this context, the study focuses on the following questions: 

(a) What are the basic components of the educational digital game development process? 

(b) How can pedagogical and technological elements be integrated into this process? 

(c) To what extent do the example applications reflect these components? 
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The answers to these questions are expected to contribute to theoretical discussions in the 

field and guide practitioners. 

Conceptual Framework 

Educational digital games are interactive digital environments designed to integrate game 

mechanics with pedagogical elements, aligned with learning objectives (Gee, 2003; Prensky, 2003). 

These games aim not only to transfer information but also to support the student's active participation 

in the learning process, the development of problem-solving skills, and learning through experience 

(Petri & Wangenheim, 2017; Tsekleves et al., 2014). In this respect, unlike traditional teaching 

approaches, they transform learning into a more dynamic and student-centered structure (Bakhsh et 

al., 2022; Coleman & Money, 2019). Despite the theoretical recognition of their potential, the practical 

implementation of digital games in formal educational settings often faces significant challenges, 

including educators' unfamiliarity with game interfaces and game-based learning concepts, as well as 

a notable gap between theoretical claims and actual classroom integration (Tokarieva et al., 2019).  

Educational digital games are often confused with the concept of gamification. However, there 

is an important difference between these two concepts. While gamification refers to the application 

of game elements to non-game environments, educational digital games offer a direct game 

experience (Deterding et al., 2011; Kapp, 2012). In this context, they position the user within a game 

world and carry out the learning process within this context (Shelton & Wiley, 2007). When the 

theoretical foundations of educational digital games are examined (Petri & Wangenheim, 2017), 

different learning theories contribute to this process. The behavioral approach emphasizes the 

reinforcement of learning through reward and feedback mechanisms. The point, badge, and level 

systems used in games can be considered a reflection of this approach (Calderón & Ruiz, 2015). The 

cognitive approach, on the other hand, addresses learning within the framework of information 

processing processes and emphasizes the individual's mental structures (Anderson, 2000). Problem-

solving tasks and strategy development processes involved in games can be evaluated within this 

context (Eck, 2008). 

The constructivist learning approach is considered one of the strongest theoretical foundations 

for educational digital games (Felicia, 2009). This approach argues that learning occurs through the 

active participation and experiences of the individual (Moore & Piaget, 1971; Vygotsky, 1978). 

Educational games create constructivist learning environments by offering users opportunities for 

exploration, trial and error, and meaning-making (Marone, 2016). Open-ended and exploratory games, 

in particular, allow students to construct knowledge through their own experiences (Petri & 

Wangenheim, 2017). This pedagogical orientation underscores the importance of student-centric 

interactive experiences and authentic task engagement within a specific context (Chartofili & Fokides, 

2019). Consequently, these games are frequently conceptualized from a moderate constructivist 
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perspective, where learners actively construct knowledge through interaction with their environment, 

rather than passively receiving information (Muenz et al., 2023).  

Motivation is one of the most important components of educational digital games (Ilić et al., 

2024; Leuchter & Kurtz, 2022). Games increase intrinsic motivation for learning through goals, rewards, 

feedback, and progress mechanisms that engage the user in the process (Deci & Ryan, 2000). This 

engagement allows students to remain engaged in the learning process for longer periods and 

demonstrate a higher level of participation (Ding et al., 2016; Huizenga et al., 2017). Furthermore, 

games reduce students' anxiety about making mistakes by making failures a natural part of the learning 

process (Petri & Wangenheim, 2017). This aligns with behaviorist theories, where reward mechanisms 

in digital educational games enhance students' motivation by providing immediate feedback and 

reinforcement, thereby encouraging continued engagement and exploration (Li et al., 2024).  

In educational digital game design, the relationship between learning mechanics and game 

mechanics is critically important. Even if the game is enjoyable, learning outcomes remain limited if a 

direct link is not established between learning objectives and in-game tasks (Tsekleves et al., 2014). 

Therefore, various models have been proposed in the literature for matching learning mechanics and 

game mechanics (Arnab et al., 2014; Plass et al., 2015). These models emphasize that pedagogical goals 

should not be overlooked in the game design process. However, the evaluation of educational digital 

games is also a crucial issue. Traditional measurement and evaluation methods may not adequately 

reflect the process-oriented data that game-based learning environments offer (Stanciu & Stănescu, 

2019). Therefore, in-game data analysis, learning analytics, and adaptive assessment systems have 

come to the forefront in recent years (Berta & Moreno‐Ger, 2018; Hauge et al., 2014). This integrated 

approach allows for a more nuanced understanding of learner progress and the effectiveness of 

diverse game elements in fostering cognitive skill development and intrinsic motivation (Alexiou & 

Schippers, 2018; Proulx et al., 2016). These systems allow for more comprehensive and process-

oriented evaluations by analyzing students' behavior within the game. 

In conclusion, educational digital games have a multi-dimensional structure, and 

understanding this structure is critical for developing effective game designs. When pedagogical 

theories, motivational elements, game mechanics, and evaluation processes are considered together, 

the impact of educational digital games on learning becomes more meaningful and sustainable. In this 

context, the conceptual framework is considered a crucial component forming the foundation of the 

educational game development process. 

Essential Components of Educational Digital Games  

The effectiveness of educational digital games as a learning tool depends on the systematic 

and balanced combination of certain fundamental components. The literature emphasizes that these 

components are not limited to technical or visual elements; rather, they form a multi-layered structure 



Educational digital game development process: A conceptual review, model proposal, and application 
analysis. 

23 
 

encompassing pedagogical, cognitive, and interactive dimensions (Arnab et al., 2014; Plass et al., 

2015). In this context, learning objectives, game mechanics, interaction design, feedback systems, and 

assessment processes stand out as critical elements in the design of educational digital games 

(Kalmpourtzis & Roméro, 2020). These elements must be carefully integrated to ensure the game 

effectively facilitates knowledge acquisition and skill development while maintaining an engaging and 

motivating user experience (Narayanan & Kumaravel, 2024). A comprehensive design framework for 

educational games should incorporate learning objectives, a compelling narrative, an immersive 3D 

environment, engaging gameplay, and robust evaluation mechanisms to ensure both pedagogical 

efficacy and player enjoyment (Ahmad, 2019).  

Among these components, one of the most crucial is the learning objectives. The fundamental 

aim of an educational game is to impart specific knowledge, skills, or attitudes. Therefore, learning 

objectives need to be defined clearly, measurably, and pedagogically sound. When learning objectives 

are not integrated into the game design process, the game may offer an enjoyable experience but 

remain limited in terms of learning outcomes (Gee, 2003). Effective educational game frameworks, 

therefore, emphasize the integration of learning theories and pedagogical approaches into the core 

game design from the outset, ensuring that educational goals are intrinsically linked to game 

mechanics and user experience (Deliyannis et al., 2019; Ishak et al., 2021).  

Game mechanics constitute the structural components of educational digital games that 

support learning objectives. Elements such as tasks, levels, scoring systems, and rewards guide the 

user's progress within the game and motivate the learning process. However, these elements should 

not be solely entertainment-focused but should be designed to support the learning process. 

Otherwise, a mismatch may arise between the game and pedagogical goals (Kapp, 2012). Therefore, 

the integration of compelling narratives, clear objectives, and adaptive feedback within the game 

design is essential for fostering positive learning environments and ensuring the game's purpose is 

reflected in its components (Esteban, 2024; Fokides et al., 2019). Furthermore, the strategic 

application of ongoing feedback components and adaptive challenges within game mechanics ensures 

continuous engagement and tailored learning experiences (Ahmad et al., 2015).  

Interaction design and feedback systems are other important components that directly affect 

the quality of the learning process. Effective interaction design ensures the user's active participation 

in the game and transforms learning into an experiential process. Instant and meaningful feedback 

provided in this process allows students to recognize their mistakes and adjust their learning strategies. 

This plays a significant role, particularly in increasing intrinsic motivation (Deci & Ryan, 2000; Hamari 

et al., 2014). The table below summarizes the above section. 
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Table 1 
Essential Components of Educational Digital Games  

 Definition Role in the Learning Process Literature 

Learning 
Objectives 

The knowledge, skills, and attitudes that 
the game aims to impart should be 
clearly and measurably defined. 

They guide the entire design 
process and defines the 
pedagogical framework. 

Gee (2003) 

Game Mechanics Structured game elements such as tasks, 
levels, scoring, rewards, and progression 
systems. 

It motivates the learning 
process and ensures progress 
aligned with goals. 

Kapp (2012) 

Interaction Design The way a user interacts with the game 
and the overall user experience design. 

It increases active participation 
and supports experiential 
learning. 

Plass et al. (2015) 

Feedback System Instant and guiding feedback 
mechanisms provided to the user. 

It helps identify mistakes and 
reinforces learning. 

Deci & Ryan 
(2000); Hamari et 
al. (2014) 

Measurement and 
Evaluation 

Evaluation systems based on in-game 
performance and process data. 

It analyzes both the process 
and outcome dimensions of 
learning. 

Wouters et al. 
(2013) 

 
Finally, measurement and evaluation processes are considered one of the most critical 

components of educational digital games. Unlike traditional assessment approaches, digital games 

have the potential to generate rich data regarding the learning process. More comprehensive and 

process-oriented assessments can be made by analyzing in-game performance, progress level, and 

user behavior. This makes it possible to consider not only the outcome but also the process dimension 

of learning (Wouters et al., 2013). This aligns with contemporary educational assessment theories 

advocating for authentic tasks that reveal what students genuinely know and can do, rather than 

merely focusing on summative results (Kim & Shute, 2015). The efficacy of these embedded 

assessments is paramount for providing performance-based insights into student actions, thereby 

offering a more authentic evaluation of learning (Udeozor et al., 2023). Furthermore, the integration 

of iterative testing and feedback from both educators and students is vital for refining these 

assessment mechanisms, ensuring their validity and reliability in gauging student comprehension and 

progress (Zhou, 2024).  

Method 

This study employs a Systematic Literature Review methodology, a qualitative research 

approach aimed at investigating the development processes of educational digital games. Grounded 

in a comprehensive conceptual framework, this research delineates the pedagogical, technical, and 

structural dimensions inherent in educational game development. The analysis transcends simple 

summarization; instead, it utilizes a rigorous thematic approach—involving open coding, 

categorization, and synthesis—to uncover prevailing trends and identify existing gaps within the field. 

The investigation encompasses national and international scholarly output concerning educational 

digital games, game-based learning, and gamification. To ensure relevance and contemporary validity, 
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the scope of the literature search was constrained to prioritize influential, peer-reviewed studies 

published within the preceding decade. 

The literature review was performed using the Web of Science, Scopus, and Google Scholar 

databases. The search strategy employed keywords such as “educational digital games,” “game-based 

learning,” “serious games,” “gamification,” “learning mechanics,” and “game mechanics.” Retrieved 

studies were systematically appraised for topical relevance, academic validity, and timeliness prior to 

inclusion. Subsequently, duplicate and irrelevant studies were excluded from the final analysis. 

This research examined not only theoretical sources but also practical examples. Accordingly, 

seven different examples of educational digital game environments were identified. The selection 

process considered criteria such as widespread use of the games, their development for educational 

purposes, and their representation of diverse design approaches. In this context, the selected 

examples allow for a comparative analysis of different aspects of educational digital games. 

Firstly, the basic components of the educational digital game development process were 

determined in line with the literature. These components were classified as learning objectives, game 

mechanics, interaction design, feedback, and measurement-evaluation. Then, selected application 

examples were examined within this framework, and a comparative analysis was performed. 

The Educational Digital Game Development Model (EDOGM) developed in this research aligns 

with theoretical approaches and analysis findings in the literature. Studies addressing the relationship 

between learning mechanics and game mechanics particularly considered during the model 

development process (Arnab et al., 2014; Plass et al., 2015). This approach ensures that the model 

offers not only a theoretical but also a practical structure. 

To enhance the reliability of the research, data sources were diversified, and studies from 

different databases were examined comparatively. Furthermore, the categories used in the analysis 

were created based on the literature, and a systematic analytical framework was developed. However, 

the review nature of the study and the limited number of application examples examined are among 

the main limitations of the research. In conclusion, this methodological approach allows examination 

of the educational digital game development process in both its theoretical and practical dimensions 

and supports the explanatory power of the developed model. 

Educational Digital Game Development Model  

The EDOGM model is a direct product of the findings derived from the systematic literature 

review. The reviewed literature highlighted a persistent limitation: existing models frequently 

compartmentalize pedagogical objectives and entertainment mechanics, often resulting in games that 

are either academically rigorous but unengaging, or entertaining yet instructionally deficient. To 

reconcile this disparity and provide a coherent framework for developers and educators, the EDOGM 

model conceptualizes the educational digital game development process within a holistic, systematic 
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structure.This model synthesizes insights from game-based learning paradigms, the nexus between 

learning mechanics and game mechanics, and foundational instructional design principles extracted 

from the literature (Arnab et al., 2014; Plass et al., 2015). The EDOGM model consists of five main 

components: learning objectives, game mechanics, interaction design, feedback system, and 

measurement and evaluation. These components are not independent of each other; rather, they are 

designed as a dynamic system that constantly interacts and operates within a cyclical structure. 

The first and most critical component of the model is the learning objectives. The success of 

an educational game is directly related to the clarity and measurability of the defined learning 

objectives (Jaccard et al., 2021). Learning objectives determine the direction of the game design 

process and form the fundamental point of reference in structuring all other components. Therefore, 

the objectives must be pedagogically consistent and achievement-oriented (Jaccard et al., 2021). These 

objectives should ideally be broken down into specific learning mechanics that translate pedagogical 

aims into actionable in-game behaviors (Hawthorn et al., 2021). This translation necessitates a careful 

alignment between instructional goals and the intrinsic motivations fostered by game mechanics, 

moving beyond mere "pointification" to genuinely integrate educational content within engaging 

gameplay loops (Kocadere et al., 2019; Li et al., 2023). 

The second component, game mechanics, should be designed to support learning objectives. 

Game mechanics encompass elements such as tasks, levels, scoring systems, rewards, and progression 

structures (Gaweł, 2019). These elements need to be structured not only for entertainment but also 

to support the learning process. Otherwise, a disconnect can occur between the game and the learning 

objectives. Thus, effective game mechanics should foster active engagement and provide challenges 

commensurate with the learner's skill level, thereby promoting a state of flow that optimizes the 

learning experience (Kiili, 2005). This integration ensures that the essential behaviors linked to learning 

or assessment activities are intrinsically embedded within the game, rather than being an extrinsic 

overlay (Plass et al., 2015).  

Interaction design constitutes the third component of the model. How the user interacts with 

the game directly affects the quality of the learning process (Fotouhi-Ghazvini et al., 2009). In this 

context, user-friendly interfaces, meaningful feedback, and guiding interactions become important. 

Interaction design is one of the fundamental mechanisms that ensures the student's active 

participation in the learning process (Daud et al., 2024). It should also provide sufficient instructional 

guidance and opportunities for communication between the player and the game system to facilitate 

understanding and skill acquisition (Cezarotto & Chamberlin, 2021). The fourth component, the 

feedback system, is crucial for reinforcing learning and guiding players through challenges.  

The fourth component, the feedback system, is a crucial element in ensuring the continuity of 

the learning process. The immediate feedback provided allows students to recognize their mistakes 
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and adjust their learning (Kopniak, 2018). In this context, feedback needs to be timely, clear, and 

guiding. This iterative feedback loop, integral to pedagogical effectiveness, helps learners internalize 

concepts and refine their understanding (Imran, 2019; Pan, 2019). Both immediate and cognitive 

feedback mechanisms should be incorporated, with the former maintaining engagement and the latter 

stimulating reflective processing and sense-making (Kiili et al., 2021). Finally, the measurement and 

evaluation component serves to assess the achievement of learning objectives and the overall 

effectiveness of the game (Watanapokakul, 2018).  

The final component of the model is the measurement and evaluation process. Unlike 

traditional assessment approaches, educational digital games have the potential to provide process-

oriented data (Stănescu et al., 2020). Analyzing in-game behaviors allows for more comprehensive 

assessments, progress data, and performance indicators (Liu et al., 2024). This ensures that not only 

the outcome but also the process dimension of learning is taken into account. This data-driven 

approach to assessment aligns with principles of constructive alignment by providing objective 

evaluation of individual progress rather than mere comparison of student indicators (Lobanova et al., 

2022). This holistic evaluation encompasses not only the acquisition of knowledge but also the 

development of critical thinking, problem-solving skills, and adaptive learning strategies (Savitska et 

al., 2025).  

One of the most important features of the EDOGM model is its cyclical structure. Rather than 

a linear process, the model is designed as a system incorporating continuous feedback and 

improvement mechanisms, which allows for the continuous updating and development of the games. 

In conclusion, the EDOGM model offers a holistic approach to the educational digital game 

development process and aims to strike a balance between pedagogical goals and game design. In this 

respect, the model serves as a guide for both researchers and practitioners. The EDOGM model is a 

cyclical one that addresses the educational digital game development process holistically. Its 

components are in constant interaction with each other and work together to support the learning 

process. 
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Figure 1. Educational Digital Game Development Model. (EDOGM) 

In this model, learning objectives play a central role, while game mechanics form the structure 

that supports these objectives. Interaction design shapes the user experience, and the feedback 

system reinforces learning. Measurement and evaluation analyze the entire process, ensuring the 

continuous improvement of the model. This structure is not linear but cyclical, based on a logic of 

continuous improvement. This cyclical nature facilitates an iterative development process, allowing for 

real-time adaptation and refinement of game elements based on empirical data derived from learner 

interactions. This systematic approach to development allows for the integration of learning analytics, 

which can further customize personalized educational games for students and provide visual reports 

on learning profiles and problem areas (Wang & Deng, 2025).  

The fundamental feature that distinguishes the EDOGM model from existing models is its equal 

treatment of pedagogical goals and game design, and its continuous linkage of these two structures to 

the measurement and evaluation process. While many models focus either on technical design or the 

pedagogical dimension, EDOGM integrates them in a balanced way, offering a practical framework 

(Kalmpourtzis & Roméro, 2020). This integrated approach facilitates the development of endogenous 

educational games, where learning content is intrinsically woven into the game mechanics rather than 

being an exogenous overlay (Czauderna & Guardiola, 2019). This contrasts with many current digital 

educational game development practices that often lack robust user-centered design, despite the 

availability of frameworks that tend to prioritize technical and instructional aspects (Maxim & Arnedo-

Moreno, 2025).  
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Analysis 

This section analyzes selected examples of educational digital games within the proposed 

analytical framework to reveal different dimensions of the educational digital game development 

process. The games were evaluated during the analysis in terms of learning objectives, game 

mechanics, interaction design, feedback system, and measurement and evaluation. The study did not 

limit itself to a small number of examples; researchers created a diversified sample to represent 

different design approaches and learning scenarios. In this context, different types of educational 

digital games, such as open-world, gamified systems, role-playing-based learning environments, and 

adaptive learning applications, were included. Thus, their functioning within different design 

paradigms was examined comparatively. 

 

Table 2  

Educational digital game environments examined within the scope of the research. 

Game Structure of 

Learning Objectives 

Characteristic of 

the Game 

Mechanics 

Interaction Style Feedback Approach Measurement and 

Evaluation 

Structure 

Minecraft 

Education 

Edition 

Open-ended, 

exploration and 

problem-solving 

oriented. 

Open world, task-

based, flexible 

structure. 

Based on 

exploration, 

collaboration and 

production. 

The process involves 

indirect and teacher-

supported 

interventions. 

Based on 

performance and 

process 

observation. 

Duolingo Microlearning 

objectives, gradual 

structure. 

Progression based 

on level, points, 

and repetition. 

Individual and 

directed 

interaction. 

Instant, automatic, 

and directive. 

Continuous, data-

driven, and 

adaptive. 

EBA Games Directly linked to 

curriculum 

outcomes. 

Quiz and short 

task-based 

structure. 

Limited and 

directed 

interaction. 

True-false based 

feedback 

Results-oriented, 

test-based 

Kahoot! Concept 

reinforcement and 

rapid assessment. 

Competition and 

time-limited 

question 

structure. 

Competition and 

group interaction. 

Instant and 

comparative 

feedback 

Real-time 

performance 

measurement 

Classcraft A combination of 

behavioral and 

academic goals. 

Role-playing game 

(RPG) and mission 

system 

Continuous and 

social interaction. 

Indirect and 

progressing through 

the process 

Based on process 

and behavior 

tracking. 

DragonBox Conceptual learning 

(especially in 

mathematics). 

Puzzle and 

intuitive learning-

based. 

Individual and 

exploratory. 

Intuitive and implicit 

feedback 

Indirect 

performance 

indicators 
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Prodigy Adaptive 

mathematics 

learning goals. 

RPG + adaptive 

system. 

Individual but 

dynamic 

interaction. 

Instant and 

personalized. 

Adaptive and 

continuous data 

analysis. 

 

Table 2 shows that educational digital games reflect the model components at different levels 

and with different weightings. Open-world and exploration-based games (e.g., Minecraft Education 

Edition and Classcraft) offer strong structures for interaction and experiential learning (Alawajee & 

Delafield‐Butt, 2021); however, they have limitations in monitoring learning outcomes due to a lack of 

systematic measurement and evaluation processes (Faas & Lin, 2017). Conversely, highly structured, 

curriculum-aligned games often excel in systematic assessment but may inadvertently constrain 

exploratory learning and intrinsic motivation (Valentová & Brečka, 2023). This highlights a critical 

dichotomy in current educational game design: a trade-off between scaffolding free exploration and 

implementing robust, quantifiable assessment mechanisms.  

In contrast, gamified and adaptive systems like Duolingo and Prodigy have highly advanced 

mechanisms for feedback and assessment, enabling them to continuously monitor user performance 

and offer personalized learning experiences (Bernal, 2024). However, these types of applications 

appear to offer a more structured and limited experience in terms of interaction depth and discovery-

based learning opportunities (Webb et al., 2020). This suggests a gap in the current landscape where 

the integration of rich, exploratory interaction with sophisticated, continuous assessment remains an 

underexplored design space. Bridging this gap requires a design methodology that intrinsically links 

game mechanics to learning objectives, enabling real-time adaptive feedback and performance 

assessment without compromising the experiential richness of the game (Nadolny et al., 2020). Such 

an approach would move beyond merely evaluating learning outcomes to encompass comprehensive 

assessments of engagement, usability, and the complex interplay of skills challenged within the game 

environment, aligning with systematic review findings that identify a prevalence of learning 

assessments over other critical evaluation metrics (Petri & Wangenheim, 2016).  

Games with strong pedagogical designs, such as DragonBox, exhibit a more balanced structure 

by establishing harmony between learning objectives and game mechanics (Clark et al., 2015). In 

contrast, applications like Kahoot!, while strong in terms of instant feedback and motivation, focus 

more on short-term information reinforcement processes and may be limited in deep learning 

(Forsström et al., 2025). This further underscores the necessity of integrating robust cognitive theories 

into gamification design to ensure that interventions foster lasting improvements in complex cognitive 

processes, rather than focusing solely on surface-level engagement (Lee et al., 2025). This necessitates 

a transition from "shallow" gamification, which often relies on extrinsic rewards, to "deep" 
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gamification, which integrates motivational frameworks that support intrinsic drive and long-term 

learning outcomes (John et al., 2023).  

EBA content evaluated within the Turkish context offers a significant advantage in terms of 

pedagogical suitability, but exhibits limitations in game mechanics variety and user experience 

(Çobanoğlu & Çam, 2022). This situation indicates that pedagogical accuracy is prioritized in local 

applications; however, game design and interaction depth are not sufficiently developed. This 

highlights a critical area for improvement, where the integration of advanced game design principles 

could significantly enhance the efficacy and engagement of pedagogically sound digital learning 

environments (Rokhmat et al., 2025). To fully leverage the potential of gamification in education, 

future implementations must integrate robust instructional design principles, comprehensive teacher 

training, and culturally relevant applications, alongside advanced analytics and AI-driven adaptive 

elements to personalize learning trajectories (Prasetya et al., 2025).  

When all these findings are considered together, it becomes clear that focusing on a single 

component is insufficient in the educational digital game development process; learning objectives, 

game mechanics, interaction design, feedback, and assessment processes must be addressed 

holistically and in a balanced manner. This result is consistent with studies in the literature that 

emphasize the importance of the relationship between learning and game mechanics (Arnab et al., 

2014; Plass et al., 2015). This comprehensive approach is essential for creating effective educational 

games that promote deeper cognitive engagement and sustained learning outcomes, moving beyond 

simplistic reward systems to genuinely integrate pedagogical objectives with engaging gameplay 

(Coelho et al., 2025; Dobroskok et al., 2020). Indeed, the successful integration of digital games into 

educational paradigms necessitates a multi-faceted design philosophy that transcends mere superficial 

gamification to cultivate genuinely transformative learning experiences (Reyerson, 2002).  

 

Discussion 

The findings of this study largely coincide with the existing literature on the effects of 

educational digital games on learning processes. In particular, that game-based learning environments 

increase students' academic achievement, motivation, and level of participation in learning are 

consistent with previous meta-analytic studies (Boyle et al., 2015; Clark et al., 2015; Wouters et al., 

2013). However, it appears that these positive effects are not directly related to the use of games 

themselves, but rather to how the games are designed and the extent to which they align with 

pedagogical goals. An effective educational game, therefore, must incorporate appropriate challenges 

that reinforce students' perceptions of success, integrating conceptual evidence that elucidates the 

underlying mechanisms of game-based learning's effects (Soriano-Sánchez et al., 2026). This 

necessitates a sophisticated understanding of cognitive psychology and instructional design principles 



Serdar Çiftçi 

32 
 

to craft game mechanics that directly facilitate knowledge acquisition and skill development (Gui et 

al., 2023).  

An examination of the application analysis findings revealed that educational digital games 

reflect model components at different levels. Open-world games, particularly Minecraft Education 

Edition, demonstrate strength in interaction and exploration, but their lack of systematic assessment 

processes limits the monitoring of learning outcomes (Sena & Stachoň, 2023; Steier & Davidsen, 2021). 

In contrast, applications like Duolingo offer a highly developed structure in terms of feedback and 

evaluation processes; however, they are more limited regarding interaction depth and exploration-

based learning opportunities (Essafi et al., 2024; Finardi et al., 2016). This clearly demonstrates that 

focusing on a single dimension is insufficient in educational digital game design. Therefore, a 

comprehensive design framework is crucial, one that integrates robust pedagogical theories with 

advanced game mechanics to create immersive and effective learning experiences (Bakhsh et al., 2022; 

Cano et al., 2024). Such a framework should balance explicit learning objectives with intrinsic 

motivation, ensuring that game elements are purposefully integrated to support educational goals 

rather than merely superficially applied (Bruun‐Pedersen & Kofoed, 2015; Govender & Arnedo-

Moreno, 2021). The efficacy of game-based learning environments is further substantiated by 

evidence demonstrating their positive impact on motivation, self-efficacy, and academic performance, 

particularly when pedagogical practices are integrated effectively (Soriano-Sánchez et al., 2026).  

EBA content, when evaluated within the Turkish context, shows potential for pedagogical 

suitability, though some studies highlight inadequacies (Çobanoğlu & Çam, 2022; İskender, 2016; 

Maltepe, 2022; Tanrıkulu, 2017). However, the fact that this content is generally test and exercise-

based limits the depth of the game experience (Akçay, 2024; Maden & Önal, 2020). This finding 

indicates that pedagogical accuracy is prioritized in local applications; however, the dimensions of 

game design and user experience are not sufficiently developed. This situation once again highlights 

the importance of interdisciplinary collaboration in educational digital game development processes. 

Specifically, the integration of advanced game design principles, informed by psychological and 

pedagogical research, is essential to transcend conventional "lecturer" formats and foster more 

dynamic, personalized learning models (Sevindik, 2025). This necessitates a refined approach where 

game developers collaborate closely with educational theorists to ensure that game mechanics are 

intrinsically aligned with learning objectives, thereby fostering engagement while simultaneously 

achieving measurable educational outcomes (Morawski & Wolff-Seidel, 2023).  

One of the key findings of this study is the necessity of balancing three fundamental 

components in the educational digital game development process: pedagogical suitability, game 

mechanics, and assessment. Many studies in the literature focus on one or two of these components, 

but applications that integrate all components in a balanced way are limited (Arnab et al., 2014; Plass 
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et al., 2015). In this context, the proposed EDOGM model offers a holistic approach to addressing this 

imbalance. By systematically addressing the interplay between learning objectives, immersive 

gameplay, and robust evaluative measures, the EDOGM model aims to provide a comprehensive 

framework for designing effective and engaging educational digital games (Jonás ̆& Ogodo, 2025). This 

integrated model, therefore, moves beyond the simple incorporation of digital elements into learning, 

instead advocating for a deep, symbiotic relationship between educational theory and game design 

(Laoha et al., 2025).  

The cyclical structure of the EDOGM model not only defines a development process but also 

proposes a dynamic framework that enables continuous improvement. In this respect, the model 

differs from static design approaches by offering an adaptive and improvable framework. In particular, 

the central role of feedback and measurement-evaluation components within the model allows for the 

continuous monitoring and improvement of learning processes. This iterative refinement process, 

driven by empirical data and pedagogical insights, ensures that educational digital games evolve to 

meet the nuanced needs of learners and educators. Such an adaptive framework is crucial for 

developing sophisticated game-based learning environments that can effectively address complex 

thinking skills and real-world problem-solving scenarios (Patiño et al., 2023). This iterative process, 

encompassing cycles of analysis, design, evaluation, and refinement, allows for the development of 

both practical and theoretically grounded frameworks (Kara et al., 2025). The emphasis on iterative 

design, informed by robust assessment mechanisms, underscores the model's potential to bridge the 

existing disconnect between educational goals and game design strategies, thereby enhancing student 

engagement and learning outcomes (Kucher, 2021).  

However, this study has some limitations. Firstly, the study is a review, and the analysis was 

conducted on a limited number of application examples. This limits the generalizability of the findings. 

Furthermore, the fact that the model has not been tested empirically constitutes an important 

research area for future studies. In conclusion, the findings of this study demonstrate that the 

educational digital game development process is multi-dimensional and should be addressed with a 

holistic approach. The proposed EDOGM model is expected to make a significant contribution to filling 

the theoretical gap in this field and to provide a framework for future research. 

Conclusion and Recommendations 

This study examines the educational digital game development process within a conceptual 

and analytical framework. Based on the literature, an Educational Digital Game Development Model 

(EDOGM) is proposed, and its explanatory power is evaluated through selected application examples. 

The findings reveal that for educational digital games to be effective learning tools, pedagogical design, 

game mechanics, and measurement-evaluation processes must be addressed with a balanced and 

holistic approach (Bellotti et al., 2011; Steiner et al., 2015). Despite these theoretical advancements, 
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practical implementation often encounters challenges such as insufficient scientific rigor in 

evaluations, small sample sizes, and a lack of systematic methods for integrating key design factors 

(Dallaqua et al., 2023; Laoha et al., 2025; Petri & Gresse von Wangenheim, 2017; Zhu et al., 2024). 

Future research should focus on mitigating these limitations through comprehensive longitudinal 

studies involving diverse populations and rigorous empirical validation of proposed models like 

EDOGM to ascertain their broader efficacy and generalizability in varied educational settings (Hare et 

al., 2024; Holly et al., 2024). Additionally, further studies are needed to evaluate the proposed 

framework across all four levels of artifact assessment: response, learning, behavior, and outcomes, 

to provide a more comprehensive understanding of its real-world applicability (Bunt et al., 2024).  

In addition to the broader insights derived from existing literature, the specific analytical 

evaluation of the diverse game sample provided several concrete findings. First, our analysis 

uncovered a persistent structural disconnect between pedagogical intent and game mechanics: 

applications developed primarily from a technical standpoint exhibited sophisticated environments 

but lacked necessary instructional scaffolding, whereas those designed with a pedagogical focus often 

devolved into superficial "pointification" lacking engaging gameplay loops. Second, the evaluation 

highlighted a critical neglect of process-oriented assessment, as the majority of analyzed applications 

relied exclusively on summative, post-game testing rather than integrating continuous, stealth 

assessment mechanisms. Finally, the feedback systems within the sampled games were predominantly 

binary and corrective, failing to function in a formative or adaptive capacity to systematically support 

the learner’s cognitive progression. 

These empirical gaps underscore the imperative for the EDOGM model proposed in this study. 

By synthesizing the critical shortcomings identified during our evaluation, the model provides a 

comprehensive framework to ensure that learning objectives, interaction design, and cyclical feedback 

function as an integrated, dynamic system. Accordingly, the findings of this study extend beyond a 

synthesis of existing literature to delineate precise design vulnerabilities that the EDOGM framework 

is specifically engineered to address. 

The applications examined in this study show that while educational digital games exhibit 

strengths in various components, these components are often not integrated in a balanced way. This 

highlights the clear need for an interdisciplinary approach in the educational digital game development 

process. Combining fields such as educational sciences, software development, and user experience 

design will contribute to the creation of more effective and sustainable learning environments (Exter, 

2018; Kaimara, 2023). Moreover, future endeavors should prioritize empirical validation of integrated 

design models, employing randomized controlled trials to systematically evaluate the impact of game 

mechanics and pedagogical strategies on cognitive skills and academic achievement (Bertram, 2020; 

Erümit et al., 2022). This interdisciplinary research is crucial for providing a deeper and more holistic 
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understanding of how gamification shapes cognitive and motivational outcomes (Al-khresheh, 2025). 

Such rigorous validation is essential to address the documented methodological limitations and over-

reliance on computer science skills often seen in gamification research, thereby strengthening the 

reliability and generalizability of findings in this emerging field (Hao et al., 2023; Orsoni et al., 2023).  

In this context, the proposed EDOGM model offers a systematic and applicable framework for 

the educational digital game development process. The model's cyclical structure reveals a dynamic 

framework that includes not only a design process but also a continuous evaluation and improvement 

mechanism. In this respect, the model serves as a guiding tool for both researchers and practitioners. 

Based on the research findings, the following recommendations can be developed: 

● In the development of educational digital games, a clear and direct relationship should be 

established between learning objectives and game mechanics. 

● In game design, equal importance should be given not only to entertainment elements 

but also to pedagogical suitability. 

● Feedback systems should be designed to be immediate, explanatory, and guiding in order 

to support learning. 

● Measurement and evaluation processes should be structured to provide process-oriented 

data, not just outcome-oriented data. 

● Interdisciplinary collaboration should be increased during the development process, and 

different areas of expertise should work together. 

Given the limitations of this research, some suggestions can be made for future studies. Firstly, 

empirical studies should be conducted to test the applicability of the proposed model at different 

educational levels and disciplines. Furthermore, it is recommended that research be increased on the 

integration of technologies such as AI-powered adaptive learning systems, augmented reality, and 

virtual reality into educational digital games. 

In conclusion, educational digital games, when developed with the right design principles, have 

the potential to make significant contributions to learning processes. The model proposed in this study 

is considered an important step towards more effectively realizing this potential. 
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Eğitim Teknolojisi Kuram Ve Uygulama, 9(1), 230. Https://Doi.Org/10.17943/Etku.451990  

  Kopniak, N. B. (2018). The Use Of Interactive Multimedia Worksheets At Higher Education Institutions. 
Information Technologies and Learning Tools, 63(1), 116. https://doi.org/10.33407/itlt.v63i1.1887  

  Kucher, T. (2021). Principles and Best Practices of Designing Digital Game-Based Learning Environments. 
International Journal of Technology in Education and Science, 5(2), 213. 
https://doi.org/10.46328/ijtes.190  

  Kurt, E., & Dindar, A. Ç. (2024). Thinking Through Play: How Designing Educational Games Enhances Critical 
Thinking, Motivation and Achievement in Science Classes. DergiPark (Istanbul University). 
https://doi.org/10.52911/itall.1592036  

  Laoha, R., Deesongkram, M., & Rudto, N. (2025). Gamification-Based Engineering Design Process Instructional 
Model to Enhance Digital Innovation Creativity Skills for Upper Secondary School Students. Journal of 
Education and Learning, 15(1), 319. https://doi.org/10.5539/jel.v15n1p319  



Educational digital game development process: A conceptual review, model proposal, and application 
analysis. 

41 
 

  Lee, C.-Y., Lee, C., Lai, H.-Y., Chen, P.-J., Chen, M., & Yau, S. (2025). Emerging trends in gamification for clinical 
reasoning education: a scoping review [Review of Emerging trends in gamification for clinical reasoning 
education: a scoping review]. BMC Medical Education, 25(1). BioMed Central. 
https://doi.org/10.1186/s12909-025-07044-7  

  Leuchter, I., & Kurtz, G. (2022). Effects of Instructions, Assistance, Narrative, Competition, Challenge, and Age 
on Performances in Digital Learning Games. International Journal of Advanced Corporate Learning 
(iJAC), 15(2), 16. https://doi.org/10.3991/ijac.v15i2.30867  

  Li, M., Ma, S., & Shi, Y. (2023). Examining the effectiveness of gamification as a tool promoting teaching and 
learning in educational settings: a meta-analysis. Frontiers in Psychology, 14, 1253549. 
https://doi.org/10.3389/fpsyg.2023.1253549  

  Li, Y., Chen, D., & Deng, X. (2024). The impact of digital educational games on student’s motivation for learning: 
The mediating effect of learning engagement and the moderating effect of the digital environment. PLoS 
ONE, 19(1). https://doi.org/10.1371/journal.pone.0294350  

  Liu, Y., Hu, X., Ng, J., Ma, Z., & Lai, X. (2024). Ready or not? Investigating in-service teachers’ integration of 
learning analytics dashboard for assessing students’ collaborative problem solving in K–12 classrooms. 
Education and Information Technologies. https://doi.org/10.1007/s10639-024-12842-5  

  Lobanova, A., Chiknoverova, K., & Tomina, I. (2022). El diseño de los resultados de aprendizaje utilizando las 
tecnologías de juego: un ejemplo de los elementos y procesos del diseño arqu. Innovaciencia Facultad 
de Ciencias Exactas Físicas y Naturales, 10(1), 1. https://doi.org/10.15649/2346075x.2959  

  Maden, S., & Önal, A. (2020). Eğitim Bilişim Aği (Eba) İçerik Modülündeki Türkçe Dersi İle İlgili Dokümanlar. 
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