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Chapter Highlights
This chapter examines gamification as an instructional approach in 

STEM education, focusing on its potential to enhance student engagement, 
motivation, and learning outcomes. By drawing on theoretical frameworks 
and empirical findings, it explores how gamified learning environments 
can address diverse learner needs while also considering implementation 
challenges and future research directions.

•	 Role of Gamification in STEM – Examines how gamification enhances 
student engagement and learning outcomes across STEM disciplines.

•	 Theoretical Foundations – Discusses key frameworks such as intrinsic 
motivation theory and flow theory to explain the effectiveness of 
gamified learning.

•	 Instructional Strategies – Explores a range of gamification techniques 
applied in different STEM contexts and subject areas.

•	 Student Outcomes and Diversity – Analyzes the impact of gamified 
learning on students from diverse backgrounds, including motivation, 
achievement, and satisfaction.

•	 Challenges and Limitations – Identifies critical issues such as 
demographic differences, implementation difficulties, and limited 
long-term empirical evidence.
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Introduction 
STEM education, which combines science, technology, engineering, and 

mathematics, is very important in helping students to develop skills of critical 
thinking, creativity, and solving problems. This kind of interdisciplinary 
approach prepares learners to face the fast changes of modern technology 
and society (Jindal et al., 2023). In current practice, STEM teaching often 
uses methods such as problem-based, inquiry-based, project-based, and 
cooperative learning. These strategies give students chance to work together 
on interdisciplinary tasks, so they can strengthen their ability in problem 
solving and critical thinking (Ravi et al., 2023). Recently, teachers also try to 
use more personalized methods, so that learning can be adjusted to the needs 
of each student and give better results (Bontchev et al., 2024). Gamification 
in the classroom means using game elements in situations outside of real 
games, with the purpose to increase motivation and engagement of students 
(Palomino et al., 2023; Vrcelj et al., 2023). It usually includes points, badges, 
leaderboards, and other rewards to make lessons more interactive and 
enjoyable (Al-Hafdi & Alhalafawy, 2024). This technique is useful especially 
for subjects that sometimes look difficult or boring, because it offers another 
way to attract student attention (De Sousa Borges et al., 2014). By making 
lessons more enjoyable, gamification can support students to achieve 
learning goals in more effective way (Feng et al., 2024).

One of the common problems in STEM education is low motivation and 
lack of interest from students. Gamification can help to solve this issue by 
creating learning activities that are more engaging and exciting (Dicheva 
et al., 2023). Studies also show that when digital rewards such as badges 
or points are used, students show better performance and interest in 
learning, for example in physics lessons (Andrade et al., 2020). At the same 
time, gamification helps students to adapt to new learning situations and 
reduce negative feeling about competition (Funa et al., 2021). However, it is 
necessary that gamification is designed carefully, so it can fit both individual 
and group learning processes (Borges et al., 2016). By using gamification 
in STEM education gives strong potential to improve student motivation 
and engagement. If teachers combine it with innovative teaching methods 
and personalized learning, the classroom can become more effective and 
also more enjoyable for students (Klock et al., 2018; Sawarkar et al., 2024).

Theoretical Foundations of Gamification in STEM 
Education

Gamification in STEM education is the use of game design elements to make 
students more engaged, motivated, and able to remember what they learn. 
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The main theories that explain gamification are Constructivism, Behaviorism, 
Self-Determination Theory (SDT), and Flow Theory. Constructivism says 
students learn better when they create knowledge from their own experience, 
and this matches with gamification because it is interactive in nature 
(Rukadikar & Khandelwal, 2025; Daungtod & Chaijareon, 2019). Behaviorism 
talks about reinforcement and conditioning, and in gamification this can be 
seen in the use of points or badges that reward positive actions (Landers et 
al., 2015). SDT focuses on the human need for competence, autonomy, and 
relation with others. In gamification, this theory is important because it 
gives internal motivation when students get choices and social connection 
(Schaper et al., 2022; Sangroya & Kabra, 2023). Flow Theory explains the 
condition where students are fully concentrated and enjoy the task, and 
gamification can create this situation when the task is difficult but still 
possible, and feedback is given quickly (Rukadikar & Khandelwal, 2025; 
Sangroya & Kabra, 2023).In STEM education, different game strategies 
are used such as points, leaderboards, badges, and storytelling. Points and 
leaderboards bring competition and feeling of success, which make students 
more motivated and active in learning (Chatzidaki et al., 2025; Jun & Lucas, 
2025). Badges alone are not so strong, but when combined with other 
elements they make the gamified system more powerful (Chatzidaki et al., 
2025). Storytelling elements, like the hero’s journey, can create immersive 
and meaningful lessons, which help students connect to the topic and 
remember it longer (Sotirov et al., 2024). Studies also show these strategies 
improve academic results and keep motivation longer in gamified learning 
environments (Jun & Lucas, 2025; Jaskari & Syrjälä, 2024)

Even so, gamification in STEM education must be designed with care. It 
needs to match the goals of the lesson and take into account the different 
needs of students. A good gamification design should not only give external 
rewards, but also increase internal motivation, so students do not depend 
only on surface incentives (Jaskari & Syrjälä, 2024; Leong, 2025). The design 
should give clear challenges, fast feedback, and support the psychological 
needs of learners, so they stay engaged and go deeper in their learning 
(Sangroya & Kabra, 2023). It is also important to review and improve 
gamified strategies from time to time, so they continue to fit the changes 
in student needs and bring maximum benefit in education (Chatzidaki et 
al., 2025; Leong, 2025).In conclusion, gamification in STEM education is 
supported by strong learning theories, and it uses points, leaderboards, 
badges, and narratives to make learning more engaging and effective. But 
its success depends on careful design and continuous adjustment, so that it 
can achieve the learning goals and also answer the diverse needs of students.
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Table 1. Summary table of Theoretical Foundations of Gamification
Aspect Findings Sources

Theoretical 
Foundations

Constructivism: Active learning 
through experiences 
Behaviourism: Reinforcement 
through rewards (points, 
badges
Self-Determination Theory 
(SDT): Competence, autonomy, 
relatedness 
Flow Theory: Deep immersion 
through challenging tasks and 
feedback 

(Rukadikar & Khandelwal, 
2025), (Daungtod & 
Chaijareon, 2019)
(Landers et al., 2015), 
(Banerjee et al., 2024)
(Schaper et al., 
2022),(Sangroya & Kabra, 
2023)
(Sangroya & Kabra, 2023)
(Rukadikar & Khandelwal, 
2025), 

Game Strategies

Points and Leaderboards: 
Competition and achievement
Badges: Supplementary 
motivation  

Narrative Elements: Immersive 
learning paths 

(Chatzidaki et al., 2025), 
(Jun & Lucas, 2025)
(Banerjee et al., 2024), 
(Chatzidaki et al., 2025)
(Velazquez-Garcia et al., 
2025)

Design
Alignment with Objectives: 
Tailored to instructional goals

(Jaskari & Syrjälä, 2024), 
(Leong, 2025)

Key Gamification Strategies for STEM Learning
Game-based Learning and Gamification as Two Concepts
Game-based learning (GBL) and gamification are two different but related 

methods in education. GBL uses real games as a tool to support learning, 
taking advantage of the fun and interactive nature of games to teach certain 
knowledge or skills. On the other hand, gamification does not use full games 
but brings game elements like points, badges, or leaderboards into normal 
learning to make students more motivated and engaged (Studart, 2022; 
Chung et al., 2025; Dahalan et al., 2024). The main difference is that GBL 
focuses on games themselves as the learning medium, while gamification 
applies game mechanics inside traditional lessons to create more attractive 
experience.Research shows that both methods give positive impact on 
student motivation, participation, and learning outcomes (Chung et al., 
2025; Zabala-Vargas et al., 2021; Vasbieva & Kalugina, 2024). For example, 
GBL has been used in engineering education to help students understand 
and remember difficult concepts more effectively (Zabala-Vargas et al., 
2021). At the same time, gamification has been proven useful for improving 
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motivation and interest in many contexts, such as language classes and 
vocational training (Dahalan et al., 2024; Vasbieva & Kalugina, 2024).

Use of Points, Badges, and Leaderboards (PBL) as 
Motivational Tools for Students

Points, badges, and leaderboards (PBL) are the most common elements 
used in gamification for education. These features act as external motivators, 
giving students quick feedback and recognition for what they achieve 
(Daud et al., 2017; Denden et al., 2020; Badea & Popescu, 2024). Points 
are usually given when students finish tasks or reach certain goals. Badges 
work as visual symbols to show accomplishments, while leaderboards 
arrange students according to performance, creating competition (Daud et 
al., 2017; Denden et al., 2020). Many studies report that PBL can increase 
student motivation and participation because it makes the classroom more 
competitive and rewarding (Daud et al., 2017; Denden et al., 2020; Badea & 
Popescu, 2024).Still, the impact of these elements is not the same for every 
student or learning context. Some learners enjoy competition and do better 
with leaderboards, but others may lose interest if they always stay at the 
bottom rank (Daud et al., 2017). Because of this, teachers need to design 
and balance PBL carefully so it can suit the different needs and preferences 
of students (Daud et al., 2017; Denden et al., 2020).

Role-playing and Simulation, with Advanced Techniques of 
Immersive Gamification

Role-playing and simulation are higher-level gamification methods 
that give students immersive and interactive learning experience. With 
these approaches, learners can take part in realistic situations, practice 
important skills, and get feedback directly, which helps them to learn better 
and remember longer (Otemaier et al., 2024; Teerawongpairoj et al., 2024; 
Li & Edwards, 2020). In STEM education, role-playing games (RPGs) and 
simulations are very useful because applying theory into practice is a key 
part of the learning process (Otemaier et al., 2024; Teerawongpairoj et al., 
2024).For example, role-playing has been used with software engineering 
students to train them in requirement elicitation interviews, and this 
activity improved both engagement and performance (Otemaier et al., 
2024). In the same way, gamified simulations in virtual reality (VR) give 
safe and controlled environments for students to practice complex skills, 
and this improves motivation and learning results (Kwok et al., 2023).These 
advanced gamification techniques not only make the lesson more interesting, 
but also help students to build skills in critical thinking, problem solving, 
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and teamwork (Otemaier et al., 2024; Teerawongpairoj et al., 2024; Kwok 
et al., 2023).

Figure 1. Gamification Strategies in STEM Learning

In conclusion, both game-based learning (GBL) and gamification are 
useful methods to improve STEM education. GBL uses the learning power 
of games directly, while gamification brings game mechanics into normal 
classroom to increase student interest and motivation. Using points, badges, 
and leaderboards can encourage learners, but the design must think about 
different student needs. More advanced methods such as role-playing 
and simulation give immersive learning that improve practical skills and 
engagement, which is very important in STEM field. With more studies in 
the future, these approaches show strong potential to build learning that 
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is more attractive and more effective.

Technological Tools and Platforms for Gamified STEM 
Education

STEM-focused educational games and interactive 
simulation exercises (Minecraft: Education Edition, Kahoot!).

The use of technology tools and platforms in gamified STEM education 
shows strong potential to improve student engagement, motivation, and 
learning results. Two popular examples are Minecraft: Education Edition 
and Kahoot!, which are often used as STEM games and interactive activities. 
Minecraft: Education Edition, built from the famous game Minecraft, is 
applied in classrooms to create immersive and metaverse-like learning 
spaces. Studies show it helps students to feel social presence, empathy, and 
active participation, especially in subjects such as Chemistry, Coding, and AI 
(Singh & Sun, 2025). Its success also comes from creating immersion with 
challenge, flow, and competence (Singh & Sun, 2025). Another strength of 
Minecraft is supporting collaboration, because students can work together on 
tasks, which leads to better academic results and stronger inner motivation 
(Zheng & Wang, 2023).

Kahoot! is different, as it is mainly a gamified quiz platform where 
teachers prepare and run quizzes in a playful style. Research shows Kahoot! 
has positive impact on engagement, motivation, and understanding of lessons 
(Balaskas et al., 2023; López et al., 2022). For example, in a study with Grade 
6 students, adding Kahoot! to normal teaching increased interest, enjoyment, 
and sense of autonomy (Balaskas et al., 2023). In higher education, students 
who used Kahoot! quizzes also achieved better results than those who did 
not, but researchers note the tool alone cannot guarantee success (López 
et al., 2022). The platform works well because it creates a creative and 
supportive learning environment, which encourages students to participate 
actively (Balaskas et al., 2023). Overall, both Minecraft: Education Edition and 
Kahoot! show the power of gamified tools in changing STEM education into 
more interactive, engaging, and effective learning. In conclusion, using these 
tools in STEM classrooms has been proven to improve student motivation, 
engagement, and outcomes. They apply gamification principles to design 
immersive experiences that make difficult STEM concepts easier and more 
enjoyable. As technology keeps developing, such tools will become even 
more important for the future of STEM education.
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Table 2. Educational Tools in STEM Gamification: Features, Impacts, and 
Empirical Findings
Tool Key Features Educational Impact Study Findings

Minecraft: 
Education 
Edition

Metaverse-like 
environment
Collaborative 
tasks - Immersive 
learning

Enhances social 
presence
Fosters empathetic 
engagement
Promotes behavioral 
involvement

Significant 
contribution to 
immersion through 
competence, flow, 
and challenge (Singh 
& Sun, 2025)
Improved academic 
performance 
and intrinsic 
motivation through 
collaborative 
learning (Zheng & 
Wang, 2023)
Positive impact on 
interest, enjoyment, 
and autonomy 
(Balaskas et al., 
2023)

Kahoot!

Gamifiedquizzes 
Mobile-friendly
Real-time 
feedback

Increases student 
engagement
Enhances motivation 
and understanding
Encourages 
autonomous learning

Better academic 
performance in 
higher education 
(López et al., 2022) 

Application of virtual and augmented reality (VR/AR) in 
teaching STEM disciplines.

The use of Virtual Reality (VR) and Augmented Reality (AR) in STEM 
teaching has become more popular in recent years because of their ability 
to give immersive and interactive learning experience. These technologies 
can increase student engagement, motivation, and understanding of difficult 
concepts by offering dynamic and real-time interaction with virtual objects 
(Guerra et al., 2024; Giang et al., 2025; Al-Azawi et al., 2019; Kononov et al., 
2025). For example, AR and VR can change abstract STEM ideas into more 
concrete experience, so subjects like chemistry, physics, and engineering 
become easier to understand and more meaningful (Momenipour et al., 
2024; Adetunla et al., 2024). In higher education, these tools are useful 
to build cross-disciplinary skills such as creating mathematical models 
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and learning spatial relations (Alexandrovna et al., 2024; Huang & Tseng, 
2025). AR and VR also help in making virtual learning environments (VLEs) 
for distance education, which can remove geographical barriers and give 
access to quality education for students living far from campus (Guerra et 
al., 2024; Al-Azawi et al., 2019). However, there are also challenges in using 
VR and AR for STEM learning. The high price of devices, the need for strong 
infrastructure, and the difficulty for teachers to learn the system are big 
barriers to adoption (Al-Azawi et al., 2019; Momenipour et al., 2024; Prieto 
Andreu, 2025). There are also health concerns like eye strain or motion 
sickness when using for long time, and sometimes the content may not 
match cultural context (Al-Azawi et al., 2019). For better integration, schools 
and universities must plan carefully and align education, organization, and 
technology strategies together (Momenipour et al., 2024). Future research 
should try to develop suitable pedagogy, provide metacognitive support, 
and test blended models like flipped classroom to increase the benefit of 
AR and VR (Ibáñez & Delgado-Kloos, 2018; Tene et al., 2024). More long-
term studies are also needed to see the real effect on learning results and 
to solve current problems with technical limitations and usability (Prieto 
Andreu, 2025; Tene et al., 2024). In conclusion, VR and AR have strong 
potential to transform STEM education by making learning more interactive 
and engaging. But their success depends on solving challenges of cost, 
infrastructure, and teaching methods. With careful research and planning, 
these technologies can play important role in the future of STEM education.

Mobile and internet apps and websites with gamified 
interfaces for children interested in STEM.

The use of gamified interfaces in mobile and online applications for 
children who are learning STEM (Science, Technology, Engineering, and 
Mathematics) has shown good results for improving engagement, motivation, 
and learning success. Many studies examine how gamification works in 
education, especially in informal learning and in specific STEM subjects. 
For example, one study with a gamified web app for Grade 5 students found 
that points and leaderboards increased motivation by giving feeling of 
success and competition, while badges were less effective (Chatzidaki et al., 
2025). Another mobile app created to teach fractions for Grade 4 students 
reported high satisfaction for usability and also positive impact on learning 
(Solano-Gonzales et al., 2023). A different study showed that combining 
spaced repetition with gamification in a mobile learning system for K-12 
could be very useful for STEM education (Yeh et al., 2016).
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Table 3. Gamified Applications in STEM Education: Study Focus, Key Findings, 
and Implications
Study Focus Key Findings Implications

Gamified web application 
for fifth-grade students 
(Chatzidaki et al., 2025)

Points and leaderboards 
increased motivation; 
badges less effective

Gamification 
elements can 
enhance motivation 
and engagement in 
informal learning 
settings

Mobile application for 
teaching fractions (Solano-
Gonzales et al., 2023)

High satisfaction in 
usability; positive impact 
on learning outcomes

Gamified mobile apps 
can improve learning 
in specific STEM 
subjects

Spaced repetition and 
gamification in mobile 
learning(Yeh et al., 2016)

Potential for fruitful 
results in STEM education

Combining 
instructional 
strategies with 
gamification can 
enhance learning 
outcomes

Gamified mobile app for 
physical activity (Schafer et 
al., 2018)

Effective in encouraging 
physical activity

Gamified feedback 
can motivate children 
to engage in healthy 
behaviors

SmartGame project (Gini et 
al., 2023)

Supports math learning 
and fosters interpersonal 
relationships

Integration of 
gamified apps with 
tangible devices can 
enhance educational 
experiences

Gamification with modern 
technologies (Logothetis et 
al., 2022)

Increased engagement, 
motivation, and 
development of soft skills

Combining 
gamification with 
advanced technologies 
can enhance learning 
experiences

Gamified music 
note instruction app 
(Chumpanin et al., 2024)

Enjoyable and intuitive 
learning experience

Gamification can be 
effectively applied to 
non-STEM subjects for 
educational purposes

Gamified interfaces are also used outside of classroom lessons. One 
mobile app used to promote physical activity in children applied smartphone 
sensors to give motivational feedback, and this was effective for encouraging 
them to be active (Schafer et al., 2018). The SmartGame project joined a 
gamified web app with an IoT device to help children learn mathematics and 
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improve social relations, especially for those who lost interaction during the 
pandemic (Gini et al., 2023). A study in Turkey that looked at STEM apps for 
children found that most apps focused on science and math, but many were 
missing features such as social interaction or progress tracking (Konca et al., 
2024). This shows designers need to make more complete and interactive 
educational tools.The literature also notes the importance of continuous 
checking and improvement of gamified tools to fit different types of learners 
and reduce possible negative impact. One study on gamification in informal 
science learning stressed that regular evaluation is needed to make these 
approaches more effective (Chatzidaki et al., 2025). Also, when gamification 
is combined with new technologies such as virtual worlds and geolocation, 
it can further increase engagement and motivation, while also building 
soft skills and positive learning attitude (Logothetis et al., 2022). Gamified 
interfaces are not limited to STEM only. For example, in music education, 
a mobile web application with gamification design helped beginners learn 
music notes in an enjoyable and simple way (Chumpanin et al., 2024). In 
short, gamified interfaces in mobile and internet applications for children 
show strong potential to improve engagement, motivation, and learning 
in STEM. But these tools must be evaluated and improved continuously 
to make sure they meet the needs of different learners and provide more 
complete educational experience. The mix of gamification with modern 
technologies and creative teaching strategies looks very promising for the 
future of STEM education.

Future Directions and Innovations in Gamification for 
STEM

The role of AI and adaptive learning in the future of 
gamification

The use of artificial intelligence (AI) and adaptive learning in gamification 
for STEM education is expected to change the education system by making 
learning more personal, engaging, and effective. AI makes gamification 
stronger by giving real-time feedback, adaptive learning paths, and 
personalized content for each student. This is possible because AI can 
study student data and then change the material according to the learner’s 
level, so every student gets the right challenge and support (Kok et al., 2024; 
Ashley, 2025; Velazquez-Garcia et al., 2025; Mitchell, 2025). For example, 
the MagicSchool AI platform helps teachers by automating administrative 
work and creating lesson plans that are customized. In this way, teachers can 
spend more time on project-based and interactive activities (Ashley, 2025). 
AI-based gamification can also promote critical thinking, teamwork, and 
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creativity by linking classroom knowledge with real-world problems, so the 
learning becomes more interesting and meaningful (Ashley, 2025; Bugri & 
Egala, 2025).The future of gamification with AI and adaptive learning also 
brings some challenges and ethical issues. Problems like data privacy, bias 
in algorithms, and the digital divide need careful attention to make sure all 
students can use these tools fairly (Velazquez-Garcia et al., 2025; Aravind 
et al., 2025; Bushuyev et al., 2025). Even with these challenges, the benefits 
are large. AI can manage assessment and provide smart tutoring systems 
that give feedback and adjust the speed of learning. This is important for 
keeping students motivated and active (Velazquez-Garcia et al., 2025; 
Kassenkhan et al., 2025; Srimathi & Anitha, 2025). Also, AI with gamification 
can help students build important skills like computational thinking, problem 
solving, and independent decision-making, which are very important in 
STEM education (Kassenkhan et al., 2025; Tian, 2024). As more schools and 
universities start to use these technologies, continuous research and changes 
will be needed to make sure the systems are applied well and give the best 
results for students (Bushuyev et al., 2025; Bennani et al., 2022).AI and 
adaptive learning in gamification for STEM education have strong potential 
to create learning environments that are more personalized, engaging, and 
effective. By solving the challenges and ethical issues, educators can use 
these technologies to improve learning outcomes and prepare students 
better for future success in STEM.

Figure 2. AI and Adaptive Learning in Gamification
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Trends That Could Disrupt Labs: Gamification, Blockchain 
Credentials & Metaverse Learning

The mix of gamification, blockchain credentials, and metaverse learning 
is becoming an important change in education, with strong potential to 
transform traditional laboratory practices and improve student learning 
experience. Gamification, which means using game mechanics in non-game 
situations, is now seen as a useful method to raise student engagement 
and motivation. By adding features like points, badges, and leaderboards, 
gamification can turn normal learning tasks into fun and interactive activities. 
Many studies show that this approach can improve learning results and 
make students participate more actively (Tjahjono et al., 2022; Lukita et al., 
2024). Blockchain, on the other side, provides secure and transparent way 
to verify academic records. With decentralized ledgers, blockchain makes 
credentials tamper-proof and easy to check, increasing trust in educational 
documents (Tjahjono et al., 2022; Al-Kfairy et al., 2025; Razzaq et al., 2024). 
The combination of gamification and blockchain can build new education 
systems that are both motivating and secure, offering a strong framework 
for modern learning (Tjahjono et al., 2022; Lukita et al., 2024).

The metaverse, which is a virtual world that connects physical and digital 
spaces, is also seen as a big change for future learning. It uses technologies 
like virtual reality (VR), augmented reality (AR), and artificial intelligence 
(AI) to make virtual classrooms, simulations, and gamified learning settings 
(Al-Kfairy et al., 2025; Peng et al., 2024; Son et al., 2024). These immersive 
environments can raise student motivation, engagement, and make education 
more inclusive and easier to access (Al-Kfairy et al., 2025; Peng et al., 2024). 
Real examples include virtual labs such as SimLab, which give hands-on 
practice and often produce better results than traditional labs (Son et 
al., 2024). The metaverse can also support teamwork and reduce the gap 
between theoretical study and industry practice (Son et al., 2024). But, 
challenges remain such as high cost of infrastructure, rules and regulations, 
and ethical concerns, especially about AI decisions (Al-Kfairy et al., 2025; 
Bushuyev et al., 2025). Future research needs to address these barriers and 
test the scalability of these approaches to ensure they work effectively (Al-
Kfairy et al., 2025; Bushuyev et al., 2025; Hajian et al., 2024). By bringing 
together gamification, blockchain, and the metaverse has great potential to 
change education by making it more engaging, secure, and inclusive. However, 
success will depend on solving problems of infrastructure, regulation, and 
ethics. More studies are required to overcome these issues and to fully use 
the transformative power of these new educational technologies.
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Table 4. Emerging Trends in Education: Benefits and Challenges of 
Gamification, Blockchain Credentials, and Metaverse Learning
Trend Description Benefits Challenges Challenges

Gamification

Application 
of game 
mechanics to 
education

Increased 
engagement 
and motivation, 
improved 
learning 
outcomes

Implementation 
complexity, 
need for 
effective design

(Tjahjono 
et al., 2022) 
(Lukita et al., 
2024)

Blockchain 
Credentials

Decentralized 
and secure 
method for 
credential 
verification

Tamper-proof 
records, 
enhanced 
integrity of 
credentials

Tamper-proof 
records, 
enhanced 
integrity of 
credentials

(Tjahjono et 
al., 2022) (Al-
Kfairy et al., 
2025) (Razzaq 
et al., 2024)

Metaverse 
Learning

Virtual 
environments 
combining 
physical and 
digital realities

Immersive 
experiences, 
enhanced 
engagement, 
inclusive 
learning

High 
infrastructure 
costs, ethical 
considerations 
in AI

(Al-Kfairy 
et al., 2025) 
(Peng et al., 
2024) (Son et 
al., 2024)

Policy recommendations for institutional adoption and 
sustainability

When talking about policy recommendations for adoption and 
sustainability of gamification in STEM education, it is important to look at 
both research findings and practical use. Gamification already shows strong 
potential to improve student motivation, engagement, and learning results 
in many education contexts, including STEM. But for successful adoption 
and long-term use, several factors must be considered carefully.

First, the use of gamification in STEM must be based on clear theoretical 
background and supported by research evidence. Studies prove that 
gamification can make learning better by increasing engagement, encouraging 
goal setting, and giving recognition to students (Charkova, 2024; Wang et al., 
2024; Yusri & Zainal, 2025). For example, gamification in primary schools 
has improved performance, motivation, and skills in subjects like language, 
mathematics, and science (Yusri & Zainal, 2025). At higher education 
level, gamified strategies have been used in engineering courses to teach 
sustainability and global issues, with good results (Jain et al., 2022). Still, to 
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make gamification sustainable, it is necessary to conduct long-term studies 
that measure how it affects engagement and learning over time (Wang et 
al., 2024; Yusri & Zainal, 2025; Scurati et al., 2020).

Second, the application of gamification should match the specific needs 
and context of each institution. This means taking into account cultural 
background, education level, and availability of technology. For instance, a 
study with adolescents from Europe and Middle East showed that a gamified 
framework improved hydrogen literacy and sustainability awareness, 
proving the importance of adaptive and context-sensitive design (Kramar 
& Knez, 2025). Digital tools like augmented reality and mobile apps can 
also increase learning by offering interactive and immersive environments 
(Ma et al., 2023; Despeisse, 2018). But challenges must be addressed, such 
as digital inequality, lack of teacher training, and ethical concerns about 
collecting student data (Martín-Rodríguez & Madrigal-Cerezo, 2025).In 
short, for gamification in STEM education to be adopted and maintained, 
a full approach is needed. This should include strong theoretical support, 
real evidence from studies, and context-based practice. By focusing on 
these aspects, institutions can build effective policies for gamification use 
in STEM, improving student learning and preparing graduates with skills 
needed for the 21st century.

Conclusion
Gamification in STEM education shows strong potential to improve student 

interest, motivation, and achievement. Adding elements like points, badges, 
leaderboards, and challenge cards into lessons creates more interactive 
and exciting environments (Teemueangsa & Jedaman, 2021; Mustan, 2025; 
Al-Hafdi & Alhalafawy, 2024). These approaches are supported by learning 
theories such as social constructivism and complexity theory, which help in 
keeping students engaged and in improving knowledge retention (Lottering 
et al., 2023). Gamification also allows for more personalized learning, where 
activities and content can match the needs of individual learners, support 
growth mindset and building new skills step by step (Sawarkar et al., 2024). 
Even so, challenges remain in bringing gamification into professional 
education and in meeting the different needs of diverse students (Feng et al., 
2024; Rabah et al., 2018). The chapter therefore underlines the importance 
of continued research and systematic approaches in designing and applying 
gamified activities (Baldeón et al., 2016; Toda et al., 2019). For teachers, 
using gamification requires knowledge of both game design and education 
goals. To be effective, gamification must connect learning outcomes with 
the right game mechanics, so students not only enjoy but also achieve their 
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goals (Baldeón et al., 2016). Policymakers need to support training and 
resources that help teachers apply gamification successfully. This means 
giving access to platforms, tools, and training that can support gamified 
teaching (Toda et al., 2019; Dicheva et al., 2019). Other stakeholders, such 
as schools, universities, and technology developers, should work together 
to create frameworks that match the needs of STEM education. Partnerships 
and investment in research will help to solve challenges in gamification and 
make its benefits stronger (Shi et al., 2023; Yadav & Dixit, 2023).

The future of gamification in STEM looks very promising. It can change 
traditional teaching into more engaging and effective methods. With 
technology developing fast, gamification will become more advanced, 
using features such as artificial intelligence and virtual reality to make 
learning more immersive (Panthalookaran, 2018). When combined with 
new technologies, gamification can provide adaptive and personalized 
learning, preparing students for future jobs and skills (Wahab et al., 2024; 
Ibrahim et al., 2023). More research and development will give knowledge 
about long-term impacts and best practices, helping teachers to refine their 
use of gamification (Yusri & Zainal, 2025; Awad et al., 2023). In the end, 
gamification is a transformative approach for STEM education, offering new 
solutions to engage students, develop critical skills, and encourage lifelong 
learning (Tabolina et al., 2021)

Recommendation
Gamification in STEM education has shown strong potential to improve 

student engagement, motivation, and learning results. Research between 
2020 and 2025 points out many aspects of gamification, including how it 
is applied, how effective it is, and the challenges faced. Gamification means 
adding game features such as points, leaderboards, badges, and challenges 
into learning activities to make the process more interactive and motivating 
(Feng et al., 2024; Chatzidaki et al., 2025; Yadav & Dixit, 2023). Studies 
confirm that gamification can raise student motivation and participation 
by giving a sense of success and healthy competition (Chatzidaki et al., 
2025; Gaurina & Pavlin, 2025). One study with fifth-grade students using a 
gamified web app showed that points and leaderboards were very effective 
in motivating learners, while badges had less impact (Chatzidaki et al., 
2025). Gamification also supports better performance and skill building in 
subjects such as mathematics, science, and engineering (Awad et al., 2023; 
Yusri & Zainal, 2025; Moreira Parrales et al., 2024).

Still, successful use of gamification in STEM needs careful planning. 
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Teachers’ knowledge and beliefs are very important for success. A study on 
physics teachers in Croatia found that most of them had a basic understanding 
and positive view of gamification, but differences appeared by age, teaching 
experience, and school type. This shows the importance of professional 
development that fits teachers’ backgrounds (Gaurina & Pavlin, 2025). 
At the same time, gamified activities must match the education goals and 
student needs. For example, STEM challenge cards let students test different 
components and devices, which makes the learning more active and hands-
on (Mustan, 2025). However, there are also challenges like the need for 
continuous evaluation, possible negative impacts, and lack of research 
on long-term results (Chatzidaki et al., 2025; Yusri & Zainal, 2025; Gini et 
al., 2025).In conclusion, gamification is a promising way to make STEM 
education more engaging and effective, but its success depends on careful 
design and ongoing assessment that consider the diverse needs of both 
students and teachers.

Acknowledgements
The author(s) would like to extend sincere appreciation to Universiti 

Kebangsaan Malaysia (UKM) for providing academic support in the 
preparation of this book chapter. Special thanks are due to Prof. Dr. 
Kamisah Osman and Dr Nurazidawati Binti Mohamad Arsad for their 
valuable guidance, encouragement, and constructive feedback throughout 
the writing process. Acknowledgement is also given to colleagues and peers 
who shared their insights and perspectives on gamification and STEM 
education, which greatly enriched the content of this chapter. Finally, the 
author(s) are grateful to the editors and publishers of this book for their 
support and the opportunity to contribute to the academic discourse on 
innovative approaches in STEM education



Kamaruzaman, Osman, Arsad 70

Innovative Practices in STEM Education: 
Emerging Technologies, Pedagogies and Learning Models

References 
Adetunla, A., Akinlabi, E., Jen, T. C., Okokpujie, I. P., & Ajibade, S.-S. (2024). 

A review on the Challenges and Prospects in Harnessing Virtual Reality in 
Education. International Conference on Science, Engineering and Business 
for Driving Sustainable Development Goals, SEB4SDG 2024. https://doi.
org/10.1109/SEB4SDG60871.2024.10630094

Al-Azawi, R., Albadi, A., Moghaddas, R., & Westlake, J. (2019). Exploring 
the Potential of Using Augmented Reality and Virtual Reality for STEM 
Education. In U. L., S. G., R.-G. S., & L. D. (Eds.), Communications in Computer 
and Information Science (Vol. 1011, pp. 36–44). Springer Verlag. https://
doi.org/10.1007/978-3-030-20798-4_4

Al-Hafdi, F. S., & Alhalafawy, W. S. (2024). Ten Years of Gamification-Based 
Learning: A Bibliometric Analysis and Systematic Review. International 
Journal of Interactive Mobile Technologies, 18(7), 188–212. https://doi.
org/10.3991/ijim.v18i07.45335

Al-Kfairy, M., Alfandi, O., Sharma, R. S., & Alrabaee, S. (2025). Digital 
Transformation of Education: An Integrated Framework for Metaverse, 
Blockchain, and AI-Driven Learning. In  du B. B., D. M. T., T. E., & M. C. 
(Eds.), International Conference on Computer Supported Education, CSEDU 
- Proceedings (Vol. 1, pp. 865–873). Science and Technology Publications, 
Lda. https://doi.org/10.5220/0013499400003932

Alexandrovna, B. M., Semyonovich, B. V, Vladimirovna, B. I., & Pavlovna, S. 
Y. (2024). Developing digital technology for educational purposes. In A. A., A. 
G., S. R., B. V.S., O.-A. I.J., & S. M. (Eds.), AIP Conference Proceedings (Vol. 2816, 
Issue 1). American Institute of Physics. https://doi.org/10.1063/5.0177723

Andrade, P., Law, E. L.-C., Farah, J. C., & Gillet, D. (2020). Evaluating the Effects 
of Introducing Three Gamification Elements in STEM Educational Software 
for Secondary Schools. In A. N., L. T., P. B., P. C., W. S., M. D., L. L., & T. M. (Eds.), 
ACM International Conference Proceeding Series (pp. 220–232). Association 
for Computing Machinery. https://doi.org/10.1145/3441000.3441073

Aravind, K. A., Ranjan, R., Anusuya, M., Bhoopathy, V., Pathak, D. N., 
Goswami, A., & Babu, K. K. (2025). Role of AI in nuclear medicine training 
and education. In AI Insights on Nuclear Medicine (pp. 333–354). IGI Global. 
https://doi.org/10.4018/979-8-3373-1275-0.ch016

Ashley, M. S. (2025). Empowering STEM education: Harnessing 
magicschool AI for experiential learning. In Harnessing AI’s Potential to 
Support Student Success and Teaching Excellence (pp. 51–107). IGI Global. 
https://doi.org/10.4018/979-8-3373-1122-7.ch003



71 Kamaruzaman, Osman, Arsad

Gamification Strategies in STEM Education

Awad, M., Salameh, K., Redhaei, A. A., & Fraihat, S. (2023). Utilisation 
of gamification in higher education: a quick reference. Global Journal of 
Engineering Education, 25(3), 177–182. https://www.scopus.com/inward/
record.uri?eid=2-s2.0-85176799610&partnerID=40&md5=70626ac4a24
247cdd5fe8c4a809879c2

Badea, G., & Popescu, E. (2024). Integrating a Comprehensive Gamification 
Model in a Peer Assessment Platform. In B. L.-F. (Ed.), 2024 28th International 
Conference on System Theory, Control and Computing, ICSTCC 2024 - 
Proceedings (pp. 385–390). Institute of Electrical and Electronics Engineers 
Inc. https://doi.org/10.1109/ICSTCC62912.2024.10744765

Balaskas, S., Zotos, C., Koutroumani, M., & Rigou, M. (2023). Effectiveness 
of GBL in the Engagement, Motivation, and Satisfaction of 6th Grade Pupils: 
A Kahoot! Approach. Education Sciences, 13(12). https://doi.org/10.3390/
educsci13121214

Baldeón, J., Rodríguez, I., & Puig, A. (2016). LEGA: A LEarner-centered 
GAmification design framework. In G.-P. F.J., P. V.M.R.,  de la R. C. E.J., & L. 
L.M. (Eds.), ACM International Conference Proceeding Series. Association 
for Computing Machinery. https://doi.org/10.1145/2998626.2998673

Banerjee, S., Banerjee, R., Gulati, C., & Chauhan, A. S. (2024). Gamification: 
An Emerging Educational Technology for Student Learning. Proceedings 
of 2024 2nd International Conference on Recent Trends in Microelectronics, 
Automation, Computing, and Communications Systems: Exploration and Blend 
of Emerging Technologies for Future Innovation, ICMACC 2024, 346–352. 
https://doi.org/10.1109/ICMACC62921.2024.10894409

Bennani, S., Maalel, A., & Ben Ghezala, H. (2022). Adaptive gamification in 
E-learning: A literature review and future challenges. Computer Applications in 
Engineering Education, 30(2), 628–642. https://doi.org/10.1002/cae.22477

Bontchev, B., Terzieva, V., & Paunova-Hubenova, E. (2024). TEACHING 
STEM – ASPECTS OF PERSONALIZATION. Lnternational Journal of Differential 
Equations and Applications, 23(1), 97–104. https://doi.org/10.12732/
ijdea.v23i1.8

Borges, S. S., Mizoguchi, R., Durelli, V. H. S., Bittencourt, I. I., & Isotani, 
S. (2016). A link between worlds: Towards a conceptual framework for 
bridging player and learner roles in gamified collaborative learning contexts. 
In K. F., G. C., K. F., G. C., P. T., & K. A. (Eds.), Communications in Computer 
and Information Science (Vol. 677, pp. 19–34). Springer Verlag. https://doi.
org/10.1007/978-3-319-52039-1_2

Bugri, V. A., & Egala, S. B. (2025). AI-Powered Innovation: Navigating the 



Kamaruzaman, Osman, Arsad 72

Innovative Practices in STEM Education: 
Emerging Technologies, Pedagogies and Learning Models

Entrepreneurial Landscape in STEM Education. In AI and Society: Navigating 
Policy, Ethics, and Innovation in a Transforming World (pp. 23–50). Taylor 
and Francis. https://doi.org/10.4324/9781003595670-2

Bushuyev, S., Bushuyeva, N., Ilin, O., Murzabekova, S., Khussainova, M., 
& Saidullayev, R. (2025). Transformation of the education landscape in an 
AI environment. In I. A., K. K., & I. M. (Eds.), CEUR Workshop Proceedings 
(Vol. 3966). CEUR-WS. https://www.scopus.com/inward/record.uri?eid=2-
s2.0-105006891106&partnerID=40&md5=567fc7186e93c7bd54883d89
d361c3fc

Charkova, D. A. (2024). Utilizing gamification to promote pro-sustainable 
behavior among information technology students. Discover Education, 3(1). 
https://doi.org/10.1007/s44217-024-00105-x

Chatzidaki, E., Doan, E. P. N., Kjelstrup, E. T., Papavlasopoulou, S., & 
Giannakos, M. (2025). Gamification in Informal Science Education: Enhancing 
Children’s Motivation and Engagement with VitenChallenge Application. IEEE 
Global Engineering Education Conference, EDUCON. https://doi.org/10.1109/
EDUCON62633.2025.11016487

Chumpanin, N., Jarupreechachan, W., & Attasena, V. (2024). “Dance of 
Notes” A fundamental Implication Design for a Music-Note Visualization 
Web-Application. 2024 13th International Conference on Educational and 
Information Technology, ICEIT 2024, 111–116. https://doi.org/10.1109/
ICEIT61397.2024.10540827

Chung, M. M. T., Leung, F., Wong, J. S. H., & Wong, T. M. (2025). Game-
based learning in orthopaedics: A comprehensive review. Journal of Clinical 
Orthopaedics and Trauma, 67. https://doi.org/10.1016/j.jcot.2025.103109

Dahalan, F., Alias, N., & Shaharom, M. S. N. (2024). Gamification and 
Game Based Learning for Vocational Education and Training: A Systematic 
Literature Review. Education and Information Technologies, 29(2), 1279–
1317. https://doi.org/10.1007/s10639-022-11548-w

Daud, R., Salam, S., Mohamad, S. N. M., & Yusoff, A. M. (2017). Modeling 
a mobile gamification model to increase student engagement: An analysis 
using analytic hierarchy process. Advanced Science Letters, 23(9), 8707–8712. 
https://doi.org/10.1166/asl.2017.9955

Daungtod, S., & Chaijareon, S. (2019). A synthesis framework of 
constructivist via gamificationbased learning environments model to enhance 
self-regulation for undergraduate students. ACM International Conference 
Proceeding Series, 146–150. https://doi.org/10.1145/3306500.3306542



73 Kamaruzaman, Osman, Arsad

Gamification Strategies in STEM Education

De Sousa Borges, S., Durelli, V. H. S., Reis, H. M., & Isotani, S. (2014). 
A systematic mapping on gamification applied to education. Proceedings 
of the ACM Symposium on Applied Computing, 216–222. https://doi.
org/10.1145/2554850.2554956

Denden, M., Tlili, A., Essalmi, F., & Jemni, M. (2020). Students’ learning 
performance in a gamified and self-determined learning environment. 
In K. S., B.-R. H., & S. S. (Eds.), Proceedings of 2020 International Multi-
Conference on: Organization of Knowledge and Advanced Technologies, 
OCTA 2020. Institute of Electrical and Electronics Engineers Inc. https://
doi.org/10.1109/OCTA49274.2020.9151840

Despeisse, M. (2018). Teaching Sustainability Leadership in Manufacturing: 
A Reflection on the Educational Benefits of the Board Game Factory Heroes. 
In F. P., D. Y., L. A., O. S.I., B. N., N. M., & L. A. (Eds.), Procedia CIRP (Vol. 69, 
pp. 621–626). Elsevier B.V. https://doi.org/10.1016/j.procir.2017.11.130

Dicheva, D., Irwin, K., & Dichev, C. (2019). Exploring Learners Experience 
of Gamified Practicing: For Learning or for Fun? International Journal of 
Serious Games, 6(3), 5–21. https://doi.org/10.17083/ijsg.v6i3.299

Dicheva, D., Irwin, K., & Dichev, C. (2023). A Software System to Support 
Student Engagement in Academic Courses. In R. A., F. C., & I. W. (Eds.), Lecture 
Notes in Networks and Systems: Vol. 692 LNNS (pp. 409–417). Springer Science 
and Business Media Deutschland GmbH. https://doi.org/10.1007/978-3-
031-33261-6_35

Feng, J., Tan, W. H., & Yu, B. (2024). A systematic literature review of 
the impact of gamification instruction on students’ problem-solving skills. 
International Journal of Evaluation and Research in Education, 13(6), 4082–
4092. https://doi.org/10.11591/ijere.v13i6.29695

Funa, A. A., Gabay, R. A. E., & Ricafort, J. D. (2021). GAMIFICATION IN 
GENETICS: EFFECTS OF GAMIFIED INSTRUCTIONAL MATERIALS ON THE 
STEM STUDENTS’ INTRINSIC MOTIVATION. Jurnal Pendidikan IPA Indonesia, 
10(4), 462–473. https://doi.org/10.15294/jpii.v10i4.32143

Gaurina, M., & Pavlin, J. (2025). TEACHERS’ KNOWLEDGE AND BELIEFS 
ABOUT GAMIFICATION IN PHYSICS CLASSROOMS. Journal of Baltic Science 
Education, 24(2), 255–270. https://doi.org/10.33225/jbse/25.24.255

Giang, N. T., Dinh, N. V, Ngu, P. N. H., Chau, D. B., Thao, N. P., & Thao, T. T. 
P. (2025). Applying Augmented Reality Technology in STEM Education: A 
Bibliometrics Analysis in Scopus Database. European Journal of Educational 
Research, 14(1), 73–87. https://doi.org/10.12973/eu-jer.14.1.73



Kamaruzaman, Osman, Arsad 74

Innovative Practices in STEM Education: 
Emerging Technologies, Pedagogies and Learning Models

Gini, F., Andrao, M., & Marconi, A. (2023). The SmartGame: mixing 
digital and tangible to foster math education and social interaction. 
Proceedings of IDC 2023 - 22nd Annual ACM Interaction Design and 
Children Conference: Rediscovering Childhood, 588–592. https://doi.
org/10.1145/3585088.3593866

Gini, F., Bassanelli, S., Bonetti, F., Mogavi, R. H., Bucchiarione, A., & Marconi, 
A. (2025). The role and scope of gamification in education: A scientometric 
literature review. Acta Psychologica, 259. https://doi.org/10.1016/j.
actpsy.2025.105418

Guerra, A. R., de Medeiros, L. F., & Gericota, M. (2024). A Review of 
Immersivity in Distance Higher Education STEM Subjects. In B. M.-L., K. J.M., 
P. D., D. A., P.-R. A., & R. J. (Eds.), Communications in Computer and Information 
Science: Vol. 1904 CCIS (pp. 543–550). Springer Science and Business Media 
Deutschland GmbH. https://doi.org/10.1007/978-3-031-47328-9_39

Hajian, A., Daneshgar, S., Sadeghi R., K., Ojha, D., & Katiyar, G. (2024). From 
theory to practice: Empirical perspectives on the metaverse’s potential. 
Technological Forecasting and Social Change, 201. https://doi.org/10.1016/j.
techfore.2024.123224

Huang, T.-C., & Tseng, H.-P. (2025). Extended Reality in Applied Sciences 
Education: A Systematic Review. Applied Sciences (Switzerland), 15(7). 
https://doi.org/10.3390/app15074038

Ibáñez, M.-B., & Delgado-Kloos, C. (2018). Augmented reality for STEM 
learning: A systematic review. Computers and Education, 123, 109–123. 
https://doi.org/10.1016/j.compedu.2018.05.002

Ibrahim, B., Rahman, S. A., Mohamad, N. H., & Shaari, N. (2023). 
Gamification of learning method in secondary school to enhance student 
performance. In A.-S. S.Z.S.I., M. W.A.W., W. M.H.A., & J. M.A. (Eds.), AIP 
Conference Proceedings (Vol. 2582, Issue 1). American Institute of Physics 
Inc. https://doi.org/10.1063/5.0130440

Jain, R., Joshi, R., Dwivedi, V., Senthil Kumar, G., & Badami, V. (2022). 
Gamification for Teaching Sustainability to Engineering Students. Proceedings 
- Frontiers in Education Conference, FIE, 2022-Octob. https://doi.org/10.1109/
FIE56618.2022.9962626

Jaskari, M.-M., & Syrjälä, H. (2024). One solution does not fit all: Reward-
based and meaningful gamification in higher education. In Practices and 
Implementation of Gamification in Higher Education (pp. 22–49). IGI Global. 
https://doi.org/10.4018/979-8-3693-0716-8.ch002



75 Kamaruzaman, Osman, Arsad

Gamification Strategies in STEM Education

Jindal, P., Singh, A., & Aggarwal, R. (2023). STEM: A multi-disciplinary 
approach to integrate pedagogies, inculcate innovations and connections. 
In STEM: A Multi-Disciplinary Approach to Integrate Pedagogies, Inculcate 
Innovations and Connections. Nova Science Publishers, Inc. https://doi.
org/10.52305/UXLT2425

Jun, M., & Lucas, T. (2025). Gamification elements and their impacts 
on education: A review. Multidisciplinary Reviews, 8(5). https://doi.
org/10.31893/multirev.2025155

Kassenkhan, A. M., Moldagulova, A. N., & Serbin, V. V. (2025). Gamification 
and Artificial Intelligence in Education: A Review of Innovative Approaches 
to Fostering Critical Thinking. IEEE Access, 13, 98699–98728. https://doi.
org/10.1109/ACCESS.2025.3576147

Klock, A. C. T., Ogawa, A. N., Gasparini, I., & Pimenta, M. S. 
(2018). Does gamification matter?: A systematic mapping about the 
evaluation of gamification in educational environments. Proceedings 
of the ACM Symposium on Applied Computing, 2006–2012. https://doi.
org/10.1145/3167132.3167347

Kok, C. L., Koh, Y. Y., Ho, C. K., Teo, T. H., & Lee, C. (2024). Enhancing Learning: 
Gamification and Immersive Experiences with AI. In L. B., S. S.K., L. Y.H., L. 
C.H.T., O. M., & A. A. (Eds.), IEEE Region 10 Annual International Conference, 
Proceedings/TENCON (pp. 1853–1856). Institute of Electrical and Electronics 
Engineers Inc. https://doi.org/10.1109/TENCON61640.2024.10902870

Konca, A. S., Izci, B., & Simsar, A. (2024). Evaluating popular STEM 
applications for young children. European Early Childhood Education Research 
Journal, 32(1), 130–146. https://doi.org/10.1080/1350293X.2023.2221414

Kononov, M., Kononova, N., Andrusenko, Y., Bagautdinova, A., & Mutsurova, 
Z. (2025). Augmented and Virtual Reality in Education. In L. M., P. G.S., & 
G. S. (Eds.), Lecture Notes in Networks and Systems: Vol. 1222 LNNS (pp. 
304–312). Springer Science and Business Media Deutschland GmbH. https://
doi.org/10.1007/978-3-031-78776-8_30

Kramar, U., & Knez, M. (2025). Gamified Learning for Sustainability: An 
Innovative Approach to Enhance Hydrogen Literacy and Environmental 
Awareness Through Simulation-Based Education. Sustainability (Switzerland), 
17(6). https://doi.org/10.3390/su17062694

Kwok, B. W. J., Yeo, A., Wong, A., Loo, B. L. W., & Lee, J. S. A. (2023). 
Improving Immersive Virtual Reality Training of Bioreactor Operations using 
Gamification. 2023 IEEE International Conference on Teaching, Assessment 
and Learning for Engineering, TALE 2023 - Conference Proceedings. https://



Kamaruzaman, Osman, Arsad 76

Innovative Practices in STEM Education: 
Emerging Technologies, Pedagogies and Learning Models

doi.org/10.1109/TALE56641.2023.10398406

Landers, R. N., Bauer, K. N., Callan, R. C., & Armstrong, M. B. (2015). 
Psychological theory and the gamification of learning. In Gamification in 
Education and Business (pp. 165–186). Springer International Publishing. 
https://doi.org/10.1007/978-3-319-10208-5_9

Leong, W. Y. (2025). Beyond the Screen: Enhancing Student Engagement 
in Virtual Classrooms Using Gamification. 2025 14th International Conference 
on Educational and Information Technology, ICEIT 2025, 188–193. https://
doi.org/10.1109/ICEIT64364.2025.10976109

Li, Z., & Edwards, S. H. (2020). Integrating role-playing gamification 
into programming activities to increase student engagement. ASEE Annual 
Conference and Exposition, Conference Proceedings, 2020-June. https://www.
scopus.com/inward/record.uri?eid=2-s2.0-85095766142&partnerID=40&
md5=b83b03177f5126547a224d7589fdc3a1

Logothetis, I., Barianos, A. K., Papadakis, A., Christinaki, E., Charalampakos, 
O., Katsaris, I., Kalogiannakis, M., & Vidakis, N. (2022). Gamification 
techniques capitalizing on state-of-the-art technologies. In The Digital 
Folklore of Cyberculture and Digital Humanities (pp. 206–229). IGI Global. 
https://doi.org/10.4018/978-1-6684-4461-0.ch012

López, V. M., Mon, M. Á. C., Gutiérrez, E. F., & González, A. D. (2022). 
Kahoot! As an innovative educational gamification proposal in Higher 
Education. Digital Education Review, 42, 34–49. https://doi.org/10.1344/
der.2022.42.34-49

Lottering, N., Lim, I., & Gough, S. (2023). Re-imagining health and medicine 
education: Implementing a mobile-based gamification app for improved 
affective learner engagement. In Supporting Self-Regulated Learning and 
Student Success in Online Courses (pp. 180–208). IGI Global. https://doi.
org/10.4018/978-1-6684-6500-4.ch009

Lukita, C., Purnama, S., Rizky, A., & Fazri, M. F. (2024). Analysis 
of Gamification and Blockchain Integration in Intelligent Learning 
Systems. 2024 3rd International Conference on Creative Communication 
and Innovative Technology, ICCIT 2024. https://doi.org/10.1109/
ICCIT62134.2024.10701220

Ma, Y., Dik, N.-Y., & Fung, W. (2023). Turning Grey to Green: Engaging 
Gamification in Sustainability Education With Augmented Reality Technology. 
In S. T., B. G., & C. L. (Eds.), Proceedings of the European Conference on Games-
based Learning (Vols. 2023-Octob, pp. 361–370). Dechema e.V. https://
www.scopus.com/inward/record.uri?eid=2-s2.0-85179004909&partner



77 Kamaruzaman, Osman, Arsad

Gamification Strategies in STEM Education

ID=40&md5=59d53808d6ac6a0d4cd0d22da329260a

Martín-Rodríguez, A., & Madrigal-Cerezo, R. (2025). Technology-
Enhanced Pedagogy in Physical Education: Bridging Engagement, Learning, 
and Lifelong Activity. Education Sciences, 15(4). https://doi.org/10.3390/
educsci15040409

Mitchell, D. L. (2025). AI and gamification engaging students in new 
ways. In AI Applications and Pedagogical Innovation (pp. 151–173). IGI 
Global. https://doi.org/10.4018/979-8-3373-5092-9.ch006

Momenipour, A., Pennathur, P. R., Pennathur, A., & Boswell, B. (2024). 
Board 127: Work in Progress: Strategizing the Integration of VR and AR in 
STEM Education: Aligning Educational, Organizational, and Technological 
Strategies. ASEE Annual Conference and Exposition, Conference Proceedings. 
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85202014115&pa
rtnerID=40&md5=b79b7652b1305e8de4948e761ce485ac

Moreira Parrales, M. L., Mejía Carrillo, M. J., Suarez Ibujes, M. O., & Torres 
Penafiel, J. S. (2024). Gamification for learning mathematics in secondary 
school: Most effective gamified strategies to motivate students and improve 
their performance in mathematics. Salud, Ciencia y Tecnologia, 4. https://
doi.org/10.56294/saludcyt20241016

Mustan, S. (2025). APPLICATION OF PROJECT-BASED LEARNING 
WITH GAMIFICATION USING STEM CARDS. Mathematics and Education in 
Mathematics, 54, 150–157. https://doi.org/10.55630/mem.2025.54.150-157

Otemaier, K. R., Albuquerque, R., Diniz, R., Reinehr, S., & Malucelli, A. 
(2024). Immersive Role-Playing: An Experience Report on a Promising 
Approach to Learning Requirements Elicitation. ACM International Conference 
Proceeding Series, 586–595. https://doi.org/10.1145/3701625.3701683

Palomino, P. T., Rodrigues, L., & Toda, A. (2023). Gamification and 
motivation. In Gamification Design for Educational Contexts: Theoretical 
and Practical Contributions (pp. 15–35). Springer International Publishing. 
https://doi.org/10.1007/978-3-031-31949-5_2

Panthalookaran, V. (2018). Gamification of physics themes to nurture 
engineering professional and life skills. IEEE Global Engineering Education 
Conference, EDUCON, 2018-April, 931–939. https://doi.org/10.1109/
EDUCON.2018.8363330

Peng, S., Hong, D., & Huang, J. (2024). A Survey for Educational Metaverse: 
Advances and Beyond. In F. J. (Ed.), Procedia Computer Science (Vol. 246, Issue 
C, pp. 1456–1465). Elsevier B.V. https://doi.org/10.1016/j.procs.2024.09.590



Kamaruzaman, Osman, Arsad 78

Innovative Practices in STEM Education: 
Emerging Technologies, Pedagogies and Learning Models

Prieto Andreu, J. M. (2025). Systematic Review about Collaborative 
Learning in Virtual Reality, Augmented Reality and Mixed Reality. Teoria 
de la Educacion, 37(1), 151–186. https://doi.org/10.14201/teri.31921

Rabah, J., Cassidy, R., & Beauchemin, R. (2018). Gamification in education: 
Real benefits or edutainment? In A. A., S. C., & N. K. (Eds.), Proceedings of the 
European Conference on e-Learning, ECEL (Vols. 2018-Novem, pp. 489–496). 
Academic Conferences Limited. https://www.scopus.com/inward/record.
uri?eid=2-s2.0-85057995444&partnerID=40&md5=36c506f7e76e5813a
47b273cb06a9113

Ravi, R. V, Shinde, G., Roshini, T. V, & Aung, S. M. Y. (2023). Empowering 
future innovators: The importance of STEM education in today’s world. 
In STEM: A Multi-Disciplinary Approach to Integrate Pedagogies, Inculcate 
Innovations and Connections (pp. 1–20). Nova Science Publishers, Inc. https://
www.scopus.com/inward/record.uri?eid=2-s2.0-85183483671&partnerI
D=40&md5=4cd238dc6813aa1b0fec994174e3e80e

Razzaq, A., Zhang, T., Numair, M., Alreshidi, A., Jing, C., Aljaloud, A., 
Ghayyur, S. A. K., Ahmed, S., & Qurat Ul Ain, M. (2024). Transforming academic 
assessment: The metaverse-backed Web 3 secure exam system. Computer 
Applications in Engineering Education, 32(6). https://doi.org/10.1002/
cae.22797

Rukadikar, A., & Khandelwal, K. (2025). Gamification at the workplace: a 
theoretical perspective on training and development. Learning Organization. 
https://doi.org/10.1108/TLO-07-2024-0239

Sangroya, D., & Kabra, G. (2023). Improving Students’ Engagement using 
Gamification by Integrating Flow theory and Self Determination Theory. In 
R. D. & F. G. (Eds.), AIP Conference Proceedings (Vol. 2909, Issue 1). American 
Institute of Physics Inc. https://doi.org/10.1063/5.0181951

Sawarkar, D., Agrawal, P., Mandal, R. K., Pinjarkar, L., Agrawal, P., & 
Kaur, G. (2024). The Impact of Gamification Across Different Educational 
Contexts. 4th International Conference on Innovative Practices in 
Technology and Management 2024, ICIPTM 2024. https://doi.org/10.1109/
ICIPTM59628.2024.10563427

Schafer, H., Bachner, J., Pretscher, S., Groh, G., & Demetriou, Y. (2018). 
Study on motivating physical activity in children with personalized 
gamified feedback. UMAP 2018 - Adjunct Publication of the 26th Conference 
on User Modeling, Adaptation and Personalization, 221–226. https://doi.
org/10.1145/3213586.3225227

Schaper, P., Riedmann, A., Semineth, M., & Lugrin, B. (2022). Addressing 



79 Kamaruzaman, Osman, Arsad

Gamification Strategies in STEM Education

Motivation in an E-Learning Scenario by applying Narration and Choice. In  
de Q. E., W. S.I., O. M., M. G., M. B., K. N., M. J., & R. J. (Eds.), 35th British HCI 
Conference Towards a Human-Centred Digital Society, HCI 2022. BCS Learning 
and Development Ltd. https://doi.org/10.14236/ewic/HCI2022.18

Scurati, G. W., Ferrise, F., & Bertoni, M. (2020). Sustainability awareness 
in organizations through gamification and serious games: A systematic 
mapping. In M. N.H., H. C.T., & D. M. (Eds.), Proceedings of the NordDesign 
2020 Conference, NordDesign 2020. The Design Society. https://www.scopus.
com/inward/record.uri?eid=2-s2.0-85094664228&partnerID=40&md5=
bdc39c2e94db7e83c18e63c123efa3b5

Shi, Y., Horne, K. S., & Wu, Y. (2023). A Gamification Framework for 
Exploratory Learning in Higher STEM Education. ASEE Annual Conference 
and Exposition, Conference Proceedings. https://www.scopus.com/inward/
record.uri?eid=2-s2.0-85172101674&partnerID=40&md5=f633b1d75efc
38f895eda35b6af985ec

Singh, M., & Sun, D. (2025). Evaluating Minecraft as a game-based 
metaverse platform: exploring gaming experience, social presence, and 
STEM outcomes. Interactive Learning Environments, 33(7), 4272–4294. 
https://doi.org/10.1080/10494820.2025.2459200

Solano-Gonzales, N. D. C., Reyes-Burgos, K. C., Zelada-Valdivieso, 
H., & Mera-Montenegro, H. J. (2023). Gamification and programming: 
Enhancing mathematics learning in students. Proceedings of the 2023 
IEEE 3rd International Conference on Advanced Learning Technologies 
on Education and Research, ICALTER 2023. https://doi.org/10.1109/
ICALTER61411.2023.10372906

Son, J., Alhilal, A., Hadi Mogavi, R., Braud, T., & Hui, P. (2024). Making 
Learning Engaging and Productive: }SimLab, a VR Lab to Bridge Between 
Classroom Theory and Industrial Practice in Chemical Engineering Education. 
In F. X. (Ed.), Lecture Notes in Computer Science (including subseries Lecture 
Notes in Artificial Intelligence and Lecture Notes in Bioinformatics): Vol. 14730 
LNCS (pp. 160–179). Springer Science and Business Media Deutschland 
GmbH. https://doi.org/10.1007/978-3-031-60692-2_12

Sotirov, M., Petrova, V., & Nikolova-Sotirova, D. (2024). Enhancing 
Student Engagement Through Gamified Learning in Moodle LMS. 2024 23rd 
International Symposium on Electrical Apparatus and Technologies, SIELA 
2024 - Proceedings. https://doi.org/10.1109/SIELA61056.2024.10637857

Srimathi, S., & Anitha, D. (2025). Dynamic Horizon: AI and Gamification 
for Reshaping Higher Education. In Adopting Artificial Intelligence Tools in 



Kamaruzaman, Osman, Arsad 80

Innovative Practices in STEM Education: 
Emerging Technologies, Pedagogies and Learning Models

Higher Education: Teaching and Learning (pp. 291–316). CRC Press. https://
doi.org/10.1201/9781003469315-14

Studart, N. (2022). Gamification as a design instructional. Revista 
Brasileira de Ensino de Fisica, 44. https://doi.org/10.1590/1806-9126-
RBEF-2021-0362

Tabolina, A., Salkutsan, S., Kozlovskii, P., Popov, D., Kunina, O., Yudina, I., 
& Ryushenkova, A. (2021). Development and Implementation of Gamified 
Technologies in the Life Long Learning System (Based on a Multidisciplinary 
University). In A. M.E. & R. T. (Eds.), Advances in Intelligent Systems and 
Computing: Vol. 1328 AISC (pp. 510–516). Springer Science and Business 
Media Deutschland GmbH. https://doi.org/10.1007/978-3-030-68198-2_47

Teemueangsa, S., & Jedaman, P. (2021). Developing science learning 
activities using online gamification. In Y. C., N. N.D., B. A., S. H., W. I.S., & B. 
N.A. (Eds.), Journal of Physics: Conference Series (Vol. 1835, Issue 1). IOP 
Publishing Ltd. https://doi.org/10.1088/1742-6596/1835/1/012079

Teerawongpairoj, C., Tantipoj, C., & Sipiyaruk, K. (2024). The design and 
evaluation of gamified online role-play as a telehealth training strategy in 
dental education: an explanatory sequential mixed-methods study. Scientific 
Reports, 14(1). https://doi.org/10.1038/s41598-024-58425-9

Tene, T., Marcatoma Tixi, J. A., Palacios Robalino, M. D. L., Mendoza 
Salazar, M. J., Vacacela Gomez, C., & Bellucci, S. (2024). Integrating immersive 
technologies with STEM education: a systematic review. Frontiers in 
Education, 9. https://doi.org/10.3389/feduc.2024.1410163

Tian, S. (2024). The Integration of Computational Thinking and Artificial 
Intelligence Serves to Enhance The Cognitive Processes and Skill Acquisition 
of Students. ACM International Conference Proceeding Series, 564–567. 
https://doi.org/10.1145/3700297.3700394

Tjahjono, B., Soleman, M. D., Azmi, A., Millah, S., Andriani, R., & Dewi, E. R. 
(2022). Opportunities and Conditions in Education on Blockchain Gamification 
Technology. 2022 IEEE Creative Communication and Innovative Technology, 
ICCIT 2022. https://doi.org/10.1109/ICCIT55355.2022.10118611

Toda, A. M., do Carmo, R. M. C., da Silva, A. P., Bittencourt, I. I., & Isotani, 
S. (2019). An approach for planning and deploying gamification concepts 
with social networks within educational contexts. International Journal 
of Information Management, 46, 294–303. https://doi.org/10.1016/j.
ijinfomgt.2018.10.001

Vasbieva, D. G., & Kalugina, O. A. (2024). Gamification Integration 



81 Kamaruzaman, Osman, Arsad

Gamification Strategies in STEM Education

into Multilingual Classrooms. XLinguae, 17(2), 178–189. https://doi.
org/10.18355/XL.2024.17.02.12

Velazquez-Garcia, L., Cedillo-Hernandez, A., Longar-Blanco, M. D. P., & 
Bustos-Farias, E. (2025). Enhancing Educational Gamification through AI in 
Higher Education. Proceedings of the 2024 the 16th International Conference 
on Education Technology and Computers, ICETC 2024, 213–218. https://doi.
org/10.1145/3702163.3702416

Vrcelj, A., Hoić-Božić, N., & Dlab, M. H. (2023). Use of Gamification 
in Primary and Secondary Education: A Systematic Literature Review. 
International Journal of Educational Methodology, 9(1), 13–27. https://doi.
org/10.12973/ijem.9.1.13

Wahab, N. A., Rosli, A. H., Mansoor, S. B. R. S., Jamaludin, N. A., & Adam, 
S. H. (2024). Leveraging Gamification for Engaged Learning in Online 
Teaching and Learning Experiences. In Lecture Notes on Data Engineering 
and Communications Technologies (Vol. 191, pp. 149–160). Springer Science 
and Business Media Deutschland GmbH. https://doi.org/10.1007/978-
981-97-0293-0_11

Wang, Z., Harun, J., & Yuan, Y. (2024). ENHANCING READING INSTRUCTION 
THROUGH GAMIFICATION: A SYSTEMATIC REVIEW OF THEORETICAL 
MODELS, IMPLEMENTATION STRATEGIES, AND MEASURABLE OUTCOMES 
(2020–2024). Journal of Information Technology Education: Research, 23, 
1–27. https://doi.org/10.28945/5394

Yadav, S., & Dixit, S. (2023). Emerging pedagogy of gamification: A 
bibliometric study. In Advanced Learning and Teaching in Higher Education 
in India: A Policy-technology-capacity Enabled Approach (pp. 127–137). 
River Publishers. https://www.scopus.com/inward/record.uri?eid=2-
s2.0-85182287164&partnerID=40&md5=000dbe395b152e72ded9986e
8347d544

Yeh, M. K.-C., Toshtzar, A., Guertin, L., & Yan, Y. (2016). Using spaced 
repetition and gamification to enhance K-12 student science literacy with on-
demand mobile short reads. Proceedings - Frontiers in Education Conference, 
FIE, 2016-Novem. https://doi.org/10.1109/FIE.2016.7757361

Yusri, A. A., & Zainal, M. Z. (2025). Unleashing gamification: a systematic 
review in primary schools. Journal of Education and Learning, 19(4), 2313–
2321. https://doi.org/10.11591/edulearn.v19i4.22009

Zabala-Vargas, S., García-Mora, L., Arciniegas-Hernández, E., Reina-
Medrano, J., de Benito-Crosetti, B., & Darder-Mésquida, A. (2021). 
Strengthening Motivation in the Mathematical Engineering Teaching 



Kamaruzaman, Osman, Arsad 82

Innovative Practices in STEM Education: 
Emerging Technologies, Pedagogies and Learning Models

Processes – A Proposal from Gamification and Game-Based Learning. 
International Journal of Emerging Technologies in Learning, 16(6), 4–19. 
https://doi.org/10.3991/ijet.v16i06.16163

Zheng, E., & Wang, Q. (2023). Effectiveness of Online Collaborative 
Learning in Gamified Environments. International Journal of Emerging 
Technologies in Learning, 18(17), 33–44. https://doi.org/10.3991/ijet.
v18i17.42851

 



83 Kamaruzaman, Osman, Arsad

Gamification Strategies in STEM Education

About the Authors

Nor Khairunnisa Husna Binti Kamaruzaman is a Ph.D. candidate in 
science education currently in her second year at the Universiti Kebangsaan 
Malaysia. She is dedicated to enhancing the quality of teaching and learning 
in science education in primary school. Her research interests focus on the 
integration of technology and development of educational modules

 nisa5858@gmail.com | p136504@siswa.ukm.edu.my.
 0009-0009-2511-354X

Kamisah Osman is a professor in science education, renowned for her 
expertise in teaching methodologies, measurement and evaluation, and STEM 
education at Universiti Kebangsaan Malaysia. She holds a Ph.D. (1999) and 
a Master’s degree (1995) from the University of Manchester, along with a 
Bachelor’s degree from Universiti Kebangsaan Malaysia. Throughout her 
career, she has significantly contributed to research and leadership in higher 
education. She currently serves as the Director of the Quality Assurance 
Centre at Universiti Kebangsaan Malaysia. Concurrently, she excels as the 
Head of Module for Science Education at the STEM Enculturation Research 
Centre, where she demonstrated exceptional leadership in curriculum 
development and pedagogical innovation. Her scholarly contributions 
include numerous high impact articles in indexed journals, underscoring 
her commitment to advancing knowledge in science education

 kamisah@ukm.edu.my
 0000-0003-4734-8031

Nurazidawati Binti Mohamad Arsad is a lecturer at the Centre for 
STEM Enculturation, Universiti Kebangsaan Malaysia. Her academic interests 
lie in Science and STEM Education, with a strong focus on instructional 
design and culturally responsive pedagogy. She is dedicated to developing 
innovative, inclusive teaching approaches that foster meaningful learning 
experiences across diverse educational contexts.

 azidarsad@ukm.edu.my
 0000-0001-9351-3064



Kamaruzaman, Osman, Arsad 84

Innovative Practices in STEM Education: 
Emerging Technologies, Pedagogies and Learning Models


