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Abstract. Digital game-based learning (DGBL) has emerged as a promising approach to enhancing
STEM (Science, Technology, Engineering, and Mathematics) education, drawing widespread
attention in fields such as education, healthcare, wellness, and hazard prevention. However,
discussions on the application of DGBL in STEM education remain insufficiently explored, with
existing research largely focused on language learning and lower-grade subjects. Therefore, this
study aims to systematically investigate the impact of DGBL on STEM learning outcomes.
Researchers conducted a comprehensive search in the Web of Science database, considering
factors such as experimental design, sample size, and comparability of study results. Through
literature screening and analysis, 19 relevant studies meeting the inclusion criteria were identified.
The findings from the included literature reveal that DGBL has a positive impact on STEM learning,
encompassing various aspects such as increased learning motivation, improved academic
performance, enhanced self-efficacy, and a positive learning experience. As an educational method,
DGBL demonstrates significant potential in the STEM field. However, challenges remain, such as
the effectiveness of game design, the selection of assessment tools, and the measurement of
learning outcomes. Overall, DGBL positively influences STEM learning, and future research should
focus on innovative game design, establishing evaluation standards, and more educational practice
to further explore the potential of DGBL in STEM learning.
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1. Introduction

Games are a popular form of entertainment among adolescents [1]. Past psychological research on
games has often focused on their negative impacts [2, 3]. However, it is undeniable that games can
enhance individual motivation and engagement and are an important part of human society and
culture [4].

1.1. The Concept and Current Application of Digital Game-Based Learning

Digital game-based learning (DGBL) is defined as a teaching method where digital games are used
as tools to facilitate student learning and education. This approach emphasizes the interactivity,
entertainment, and challenge of games to capture students' attention and provide a positive learning
experience [5]. DGBL typically involves comprehensive considerations, including game design,
learning objectives, instructional activities, and assessments, to ensure alignment between games and
learning goals and to provide meaningful learning experiences for students [6].

Games are also considered complex learning environments where players need to learn various in-
game knowledge to play the game and have a good experience. Thus, playing games is a learning
process in itself, while DGBL focuses on learning the content of teaching materials. Students can
explore, learn, and experiment within games to acquire rich knowledge and skills. Games can serve
as teaching tools and become a learning method in the digital age [7].

Additionally, other research has shown that DGBL positively influences creativity development. For
example, Behnamnia [8] explored the impact of DGBL technology (e.g., tablets and smartphones) on
preschool children's creativity. The authors found that DGBL positively influences children's creative
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thinking. Similarly, Aguilera & Roock [9] reviewed the concept and application of DGBL, examining
the relationship between computer games and learning processes or outcomes and the
interdisciplinary research background of DGBL. These studies suggest that DGBL can be an effective
teaching tool, promoting student learning and creativity, indicating its broad application prospects in
education.

1.2. The Concept and Characteristics of STEM Education

STEM education is an interdisciplinary approach that integrates knowledge and skills from science,
technology, engineering, and mathematics. Unlike traditional subject-based education, STEM
education transcends disciplinary boundaries, encouraging students to explore connections between
these fields and apply their knowledge and skills to solve real-world problems. According to a book
"What Is STEM Education?", STEM education provides a comprehensive teaching environment
aimed at fostering students' holistic understanding.

Aligned with the goals of STEM education, DGBL also aims to stimulate critical thinking, creativity,
and innovation. Through DGBL, students can analyze problems, propose solutions, and design
prototypes, closely related to the practical learning and problem-solving skills emphasized in STEM
education. Thus, STEM education and DGBL share the goal of cultivating students' comprehensive
abilities and application skills.

1.3. The Current Application of DGBL in STEM Education

Anecdotal evidence and some empirical studies suggest that DGBL has potential benefits in
improving STEM learning outcomes. Tisza [10] explored how the fun factor in games can enhance
learning effects, motivation, self-efficacy, and learners' positive attitudes toward games. This study
reviewed and analyzed existing literature to examine the impact of fun on learning and related factors
in DGBL environments, aiming to provide theoretical and practical guidance for improving DGBL's
educational effectiveness. However, it did not discuss the direct relationship between DGBL and
academic performance. Krath [11] conducted a systematic literature review revealing the theoretical
foundations of gamification, serious games, and game-based learning research and their impacts on
practice and research. This study integrated theories related to gamification but lacked specific
applications in learning tasks.

According to the expanded STEM+ concept, language learning is also part of STEM education. Some
researchers have studied this issue, such as Hung [12], who conducted a comprehensive review of
digital game-based language learning (DGBLL). The authors systematically analyzed empirical
evidence from 2007 to 2016 on the application and impact of digital games in language education to
promote emerging research in the DGBLL field. The study found that most DGBLL research adopts
mixed methods to examine the educational applications of digital games, primarily using immersive
games as experimental materials, especially massively multiplayer online role-playing games
(MMORPGS), which are most common in current DGBLL literature. Most games for language
learning are custom-made by DGBLL researchers. Most DGBLL studies reported positive learning
outcomes, with the most commonly reported results related to emotional or psychological states,
followed by language acquisition.

These findings reflect the diversity of the field and suggest that digital games generally support native
and non-native language and literacy learning. Most DGBL-related research and experiments focus
on elementary and preschool education. For example, a review of 23 experimental studies on DGBL's
effectiveness in elementary science learning found that DGBL positively influences elementary
science learning.

1.4. Research Questions

Previous empirical studies have explored the relationship between the fun factor in games and
learning outcomes, motivation, and self-efficacy[10]. However, there is a lack of research on the
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connection between DGBL and specific disciplines. Researchers like Hung[12] attempted to depict a
comprehensive picture of this issue through systematic literature reviews, but their selected studies
were from 2007-2016 and could not reflect the latest research progress. Moreover, their study mainly
focused on theoretical research and discussions, leaving the current trends of DGBL in education with
some research value. Hussein[13] analyzed 23 experimental studies across six levels: topic, genre,
game environment, study design, platform, and in-class/out-of-class settings, summarizing their
research objectives, methods, and conclusions. The study concluded that DGBL could promote
elementary students' science knowledge learning, motivation, and self-efficacy and help cultivate
their interest and skills. However, research on other educational stages, such as middle school, high
school, and university, remains insufficient. Therefore, a comprehensive analysis of existing literature
is necessary to fill gaps in DGBL-related research.

In this study, researchers will approach from two different perspectives. First, the COVID-19
pandemic has forced educational institutions to adopt online teaching modes, presenting new
challenges and opportunities for educational digitization. Online education has rapidly developed
during the pandemic, with much online learning moving towards DGBL. Online teaching faces issues
such as students' inability to concentrate, lack of engagement, and decreased motivation, leading to
reduced learning efficiency [14]. These are problems that DGBL can effectively address [10].
However, existing experimental studies lack clear research design norms, and there are no specific
requirements for the types of games used. For example, Hung [12] summarized the theories used in
GBL in detail, while learning engagement, motivation, and flow play crucial roles in learners'
academic achievement. Therefore, it is necessary to review existing research to understand the main
findings of current DGBL studies and provide broader and more rigorous references for future
research.

Second, our systematic literature review will focus on the impact of digital game-based learning
(DGBL) on STEM learning. Although DGBL has been widely applied in language, learning theory,
and motivation and shown positive effects, its impact on STEM learning has not been fully discussed.
Existing literature mainly focuses on language and lower-grade science learning, with studies
concentrated on theoretical research and learning enjoyment. There is still significant research space
for DGBL's application in STEM subjects. Therefore, this study will investigate the relationship
between DGBL and STEM education, expanding the research sample from elementary school to
middle school and higher education. The study proposes the following four research questions:

(1) What trends have emerged in DGBL applications in STEM education over the past ten years?
(application regions/subjects)

(2) What types of games are primarily used in existing DGBL research?

(3) What research designs (experimental/quasi-experimental) are mainly adopted in existing DGBL
studies?

(4) What are the main findings of existing DGBL research?(learning performance/engagement/
interest/ motivation)

2. Research Design

2.1. Research Objectives

The aim of this theoretical research is to investigate the impact of Digital Game-Based Learning
(DGBL) on elementary science learning by providing an overview and analysis of relevant research
papers. The study systematically summarizes the current state, development trends, and key issues in
the research field.
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2.2. Research Procedure

The literature screening procedure followed the PRISMA flow diagram (Page et al., n.d.), as
illustrated in Figure 1, with the inclusion and exclusion criteria detailed in Table 1. Inclusion and
Exclusion Criteria: The literature search was performed in the Web of Science databases using

relevant keywords "DGBL," "Digital Game-Based Learning,” and "STEM."
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Registers (n =2158)

!
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After reading the full text
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Figure 1. PRISMA Flowchart

TS=(DGBL OR Digital Game-Based Learning) AND (STEM), This search yielded 2158 English-
language papers.Because the quality of some literatures obtained by the search does not meet the
research needs, it is necessary to evaluate and screen the original literature objects. The literature
screening procedure of this study is the "evaluation of literature quality"” step in systematic literature

review.
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Table 1. Inclusion and Exclusion Criteria for Literature

Inclusion Criteria Exclusion Criteria
1. Studies published in English 1. Studies not pUb“S?ti?jilgsEng“Sh or duplicate
2. Full text available 2. Full text not available
3. Empirical studies 3. Theoretical or review studies
4. Subjects within the STEM 4. Subjects not within the STEM
5. Learning method is DGBL 5. Study participants n;;o(c‘emlddle school level or

6. Participants are middle school students or| 6. Participants are teachers or other community

higher members
7. Published within the last 10 years 7. Study goals not related to DGBL
8. Studies on DGBL applications outside of academic
subjects

Ultimately, 52 papers were obtained. After reading the introduction, method, and results sections of
these 52 papers, 19 studies were ultimately selected for the review.

2.3. Coding Standards

In the literature coding phase, this study developed the literature coding table based on the research
questions, referring to the results of previous researchers[15], as shown in Table 2. Besides the
researcher, a graduate student majoring in minor languages was invited to independently read and
code the full text of 30% of the included literature. The coding results of the two researchers were
calculated, yielding an 80% agreement, indicating a high level of consistency. Discussion revealed
that the primary disagreements between the two researchers were on research types and game types.
After the two researchers reached a consensus on the coding results, the remaining literature coding
work was conducted by the author of this study alone.

Table 2. Coding Framework Table

Dimension Description Code
Publication Year Publication Year
Basic Information Author First Author
Journal Title of Literature
Country or Region Country/Region of Study
Sample Size Sample Size
Middle School
High School
Sample Information| Educational Stage University
Master
Other
Game Type RPG/ACT/Puzzle
Game Presentation 2D/3D
Research Type Experimental/Quasi-experimental/Action Research
Research Methods | Duration of Study Weeks/Seasons
In-Class/Out-of-Class In-Class/Out-of-Class
Game Development | Commercial Game/Self-developed Educational Game
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3. Results

3.1. Trends of DGBL in STEM Education

Regarding the first research question: "What trends have emerged in DGBL applications in STEM
education over the past ten years? (application regions/subjects),” this study included 19 English-
language papers. The distribution of the included studies by publication year is relatively concentrated.
Twelve papers were published between 2023 and 2020, two papers each were published from 2019
to 2017, and only one paper was published in 2014. No papers meeting the inclusion criteria were
published in 2016, 2015, or 2013. This indicates that research on DGBL in STEM has shown a gradual
upward trend in the past seven years. Before 2017, this research direction did not receive sufficient
attention.

The locations of the studies included Spain, the United States, Taiwan, the United Kingdom, Kosovo,
Egypt, Germany, Norway, Canada, Scotland, and the Netherlands. Among these, research was most
frequently conducted in four countries: four studies in Spain, three in the United States, three in
Taiwan, and three in the United Kingdom.

Amount
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[

Figure 2. Trends in the References of Included Literature

Through statistical analysis, the educational levels in the included studies are categorized into middle
school, university, and master's levels. Two studies involved mixed-age groups: one study's
participants ranged from kindergarten to middle school children, and another study's participants were
aged 18 to 33, with an average age of 23.6 years. Most experiments selected participants by class,
resulting in sample sizes larger than 50 people. Only one study had a sample size of 10 people, but
since each participant in that study corresponded to a different game for DGBL, this method was
considered to have reference value and was ultimately retained.

Regarding the number of participants in the studies, the included research generally focused on single
courses, with most studies involving fewer than 100 participants. This is because most of the research
was conducted by class, and even when experimental and control groups were set up, the total number
of participants did not exceed 100. Therefore, the sample sizes of most experiments did not exceed
100 participants. Detailed information can be found in Table 3.
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Table 3. Basic Information and Sample Details of Included Studies

Basic information Sample information
Literature identification code Location Seérpzpéle Educational Stage
Ortiz-Martinez (2023) [16] University of Murcia 392 Undergraduate
Man-Ying Chen (2023) [17] Taiwan 187 Undergraduate
Manuel Ninaus (2023) [18] Germany 85 Mix
Chioma Udeozor (2022) [19] England 67 Undergraduate
Cook-Chennault (2022) [20] America 201 Undergraduate
Camacho-S&nchez (2022) [21] Spain 126 Undergraduate
Krenare Plr?\z/g]Nuc 1(2021) K0SOVO 957 Master
Elkhamisy (2021) [23] Helwan University 55 Undergraduate
Wells (2020) [24] Kingston University 256 Undergraduate
Di Zou (2020) [25] Hong Kong 90 Undergraduate
Hern&ndez-Fernandez (2020) University Politeenica de
60 Master
[26] Catalunya
Campillo-Ferrer (2020) [27] University of Murcia 101 Undergraduate
. . Middle school
Troiano (2019) [28] America 317 student
Madrid and Graz and Middle school
Gaeta (2019) [29] Nottingham 600 student
Perin i(2018) [30] Norway 265 Master
Hebert (2018) [31] Canada 795 Mix
Pantoja (2017) [32] America 10 Undergraduate
Barr (2017) [33] The University of Glasgow 100 Undergraduate
Admiraal (2014) [34] Amsterdam 458 Middle school
student

3.2. Types of DGBL Games

To address research question 2: "What types of games are predominantly used in existing DGBL
research?" this study categorizes the 19 papers into seven dimensions for clearer and more intuitive
observation and analysis.

The results indicate that DGBL in the STEM education field demonstrates diverse applications,
ranging from puzzle games to role-playing games (RPGs) and mobile games. Researchers have
explored various types and forms of game environments. Among the data, seven experiments used
RPGs, and twelve experiments used puzzle-type games. Specifically, twelve games were 2D: three
were RPGs, the remaining nine were puzzle games. Among the seven 3D games: four were RPGs
and three were puzzle games.

3.3. Types of Research Designs in DGBL Applications

Regarding research question 3: "What research designs (experimental/quasi- experimental) are
predominantly used in existing DGBL research?" this study finds that among the 19 studies, seven
utilized experimental research designs, with four conducted in classroom settings, accounting for
more than half of the experimental studies. Twelve studies used quasi-experimental designs, with
eight conducted out of the classroom, again accounting for more than half of the quasi-experimental
studies. The data indicate that in-class experimental research is more common, while out-of- class
quasi-experimental research is more prevalent.
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Furthermore, all 19 experimental studies used self-developed games. Although some studies using
commercial games might not have been included due to inaccessibility of full texts or other reasons,
the data from this research suggest that using commercial games as DGBL in the field of STEM
learning for middle school and above is extremely rare.Regarding the duration of the research, these
19 studies do not show a clear pattern. Aside from two studies that did not specify the research
duration, only five studies lasted longer than one semester(Table 4).

Table 4. Research Methods of Included Studies

Indepen
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Game class/
- Gen . Study and rch
Periodical environ . out .
re design |develop perio
ment of
ment class d
/Busines
S game
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dent
. . . Puz Experim|research| In 18
Education and Information Technologies 2D week
zle ental and |class s
develop
ment
Indepen
RP Quasi- re(sj:arl]rtch Out 4
Education and Information Technologies G 3D |experim and of |week
ental class S
develop
ment
Indepen
dent
. . RP Experim|research Out| 18
Journal of Educational Computing Research 3D of |week
G ental and
class S
develop
ment
Indepen
Quasi- dent
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zle and |class [hours
ental
develop
ment
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685



Indepen
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3.4. Application Effects of DGBL in STEM Education

To address research question 4, "What are the main findings of existing DGBL research?" for more
intuitive observation and analysis, the key points studied are categorized into 8 factors. Engagement:
The level of student participation and involvement in the learning process. Appeal: The degree to
which students are attracted to digital games or instructional methods. Learning Outcomes: The
learning achievements obtained by students through digital games or gamified teaching. Motivation:
The level of motivation among students during the learning process, including intrinsic and extrinsic
motivation. Cognitive Development: The development of students' cognitive abilities, thinking
processes, or problem-solving skills. Gender Differences: Differences in performance or perceptions
between male and female students in digital game-based learning. Technology Acceptance: The
degree to which students accept the use of digital games or instructional technology. Classroom
Interaction: The impact of digital games or gamified teaching on classroom interaction and interaction
among students. Game Genre Preference: Students' preferences for different types of games and their
impact on learning outcomes.

After statistical analysis, there were three experiments each for Appeal, Motivation, and Classroom
Interaction, while experiments on Engagement and Technology Acceptance reached four times. Five
experiments studied Cognitive Development, and Learning Outcomes were researched as many as
twelve times. It is evident that researchers are most concerned about the outcomes brought by DGBL.
Only two experiments delved into Gender Differences, indicating relatively less research on the
application differences among different genders. Among the twelve studies on Learning Outcomes,
all twelve reported positive results. For instance, the study by Hebert[31] indicated that for beginners
in computer programming, the effectiveness of DGBL is evident, but the study found that as students'
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proficiency levels increase, the learning effectiveness of DGBL gradually decreases. Details can be
found in the Table 5 below.

Table 5. Case Analysis Table of Included Factors in DGBL Studies

Literatur
e

Engagemen
t

Appea
|

Learning
Outcome
S

Motivatio
n

Cognitive
Developmen
t

Gender
Difference
S

Technolog

y
Acceptanc

Classroo
m
Interactio

€ n

\/
\/

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
Total 4 3

2|2 12

2 |2

2|2

< <2

<2 2|22 12 < |2

4. Conclusion and Discussion

4.1. Trends in STEM Education

The research trend of DGBL in STEM shows that there was only one study between 2013 and 2016,
published in 2014. From 2017 to 2023, there were a total of 18 studies. Among these, there was an
average of two studies per year in 2017, 2018, 2019, and 2021. In 2020, the number of studies peaked
at four. In both 2022 and 2023, there were two studies each year. This indicates a progressive rise in
research activity in this area over the years.

4.2. Types of Games Used

In terms of game types, most experiments utilize RPG games as learning platforms, which typically
yield better feedback and results. However, developing RPG games requires more manpower and
resources. Conversely, most Puzzle games are smaller in scale and are developed independently for
teaching purposes, generally receiving positive feedback. RPGs offer a linear narrative flow, and the
rewards and storyline immersion during gameplay can enhance student engagement and immersion.
The longer storylines can facilitate deeper learning. On the other hand, Puzzle games require less time
and are more conducive to group learning, such as the Kahoot gaming platform. Four studies utilized
the Kahoot platform[27,23,22,16], indicating its educational effectiveness in some regions, excluding
Asia. However, considering its educational achievements in DGBL, the Kahoot platform can be
appropriately used in DGBL research in Asia. In Asia, research on DGBL is primarily concentrated
in Hong Kong and Taiwan. Although there is only one study from Hong Kong and one from Taiwan
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in this experiment, collaborative research involving Hong Kong and Taiwan has been observed. In
these collaborative studies, RPG games were predominantly used, suggesting that RPGs may be more
appealing to Asian students.

4.3. Research Designs Employed

Among the 19 selected studies, seven were conducted rigorously, employing scientific methods for
comparison and control. Research methods varied, including pre-test and post-test comparisons, as
well as experiments with control and comparison groups. However, among the remaining 12 quasi-
experimental studies, some only involved a few hours of gameplay followed by a questionnaire
survey, lacking rigor. This indicates a lack of standardized procedures and steps in the current
research field of DGBL, leading to experiments with varying levels of credibility.

4.4. Limitations and Future Works

In this study, only one database was selected for the search, and many other databases were not
included, which may result in insufficient understanding of the application of DGBL among students
of different regions and age groups, potentially leading to sample bias. Moreover, only English-
language literature was selected, which may pose issues regarding the representativeness of the
sample.

This study analyzed the application of digital game-based learning (DGBL) in STEM education from
multiple disciplinary perspectives including education, psychology, and technology. Future research
can strengthen interdisciplinary collaboration to better understand the impact of DGBL on learning.
Although this study analyzed the application trend of DGBL, there are also cases where experimental
designs were not rigorous enough. Therefore, future research should focus more on the rigor of
empirical research, employing scientific methods and comparison with control groups to ensure the
credibility of research results.
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