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Abstract  Digital game-based learning research has received increasing attention 
in recent years due to advances in technology. A systematic review was conducted to 
understand the current status and potential of game-based learning (GBL) research 
in science and mathematics. This study reviewed articles on GBL in science and 
mathematics education published in the Web of Science (WoS) database from 
1991 to 2020. The 146 articles were selected for content and bibliometric analy-
sis. After a systematic analysis of the trends and overviews, we present discussions 
and insights for the future. The study raised relevant research questions to analyze 
authors, regions, applied subjects, educational stages, research methods, game types 
and devices, performance issues, and author keywords. The results revealed that the 
majority of the published research in this field has been carried out in Taiwan, fol-
lowed by the United States. GBL is currently applied in mathematics and science 
to increase learner motivation and engagement and reduce learning anxiety. The 
results also revealed that higher order thinking skills such as problem solving, group 
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collaboration, and critical thinking, have become an increasingly important focus of 
research in recent years. The systematic review also found that researchers have been 
engaged in the field since 1993 and have conducted a large number of studies since 
2011. In terms of keywords, game-based learning and interactive learning were the 
most used keywords in the articles, indicating that they were the most explored top-
ics by researchers, while learning behaviors and competition were relatively new 
directions to explore. This study analyzed and summarized GBL in science and 
mathematics education in the hope that it may contribute to future research.

Keywords  Game-based learning · Science · Mathematics · Bibliometric analysis · 
Systematic review

Introduction

Science learning lags behind other subjects in early education. Scholars have found 
that exposure to science learning can be a great help for students’ future long-term 
achievement (Herodotou, 2018). Natural science is a required subject for students in 
compulsory education (Wang & Zheng, 2021), and scientific literacy is also consid-
ered a core literacy of students’ learning (Valladares, 2021). The understanding of 
natural science, the realization of personal goals, and emphasis on the development 
of intelligence and communication skills are all related to each other (Holbrook & 
Rannikmae, 2007). Some scholars have also mentioned that science education will 
further affect students’ attitudes towards science, indirectly affecting the degree of 
understanding of learning a concept (Alsop & Watts, 2003), with their problem-
solving skills and advanced thinking skills. Li and Tsai (2013) published a review of 
empirical research articles on games-based science learning (GBSL), exploring the 
development of digital games in the field of science from 2000 to 2011. Traditional 
teaching methods focus on the views of the teacher and the textbook, with less con-
sideration given to motivating students to engage in scientific exploration activities. 
Therefore, compared with technology-supported learning, traditional learning meth-
ods are more likely to lead to a lack of interest and motivation in learning science 
(Song et al., 2016).

Since the twentieth century, with technology development, games have been 
integrated into the educational world. In the early twenty-first century, learner-
centered educational games began to emerge rapidly, and many researchers 
believe that digital games can help learners learn. From an educational stand-
point, digital games are suitable for various themes, subjects, and different age 
groups (Annetta et al., 2009). The lesson and new knowledge from digital games 
often tend to stay with students because of the interactive nature of the learn-
ing experience (The New Media Consortium [NMC], 2005). For example, digi-
tal games improve conceptual understanding and problem handling (Ke, 2014). 
They also help learners discover new rules and ideas for themselves instead of 
memorizing, as well as improving students’ learning performance and enjoyment 
(Hung et  al., 2015). The issue of game-based learning (GBL) has been gaining 
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attention and research in recent years (Gee, 2014). GBL is divided into digital 
game-based learning (DGBL) and traditional game-based learning, with types of 
serious games, contextual games, and immersive games. GBL is a learning style 
that presents learning content digitally, incorporates game features into the teach-
ing content, and uses these features to stimulate learners’ interest in learning and 
to enhance their confidence in learning (Kuet al., 2014). GBL creates a comfort-
able learning environment, and then enables learners to actively participate in 
learning to enhance learning motivation and learning effectiveness (Chen et al., 
2012). Prensky (2007) also noted that the characteristics of DGBL include enter-
tainment, playfulness, rules, goals, human–computer interaction, outcomes, and 
feedback, appropriateness, sense of victory, competitive conflict and challenge, 
problem solving, social interaction, images, and emotionality. When learners con-
sider it fun, feel challenged, and are willing to learn on their own, it increases 
their self-efficacy and learning persistence (O’Rourkeet al., 2017).

Game-based learning is an approach that has shown to have the potential to trans-
form science teaching and learning (Wang & Zheng, 2021). Digital games have 
been shown to increase learners’ motivation and learning effectiveness; it is hoped 
that this will change the teaching drawbacks by eliminating the use of memory or 
other traditional teachings that reduce the willingness to learn in science education 
(Honey & Hilton, 2011; Mayo, 2007). To allow students to acquire knowledge and 
twenty-first century competencies (e.g., critical thinking and problem-solving skills) 
through digital games, many scholars have proposed a variety of educational games 
for science learning (Barab & Dede, 2007; Maxmen, 2010; Mayo, 2007). Divjak and 
Tomić (2011) reviewed game-based learning for learning mathematics and found 
that GBL has a positive impact on students’ learning outcomes, motivation, and atti-
tude towards mathematics. Mathematics is also considered a key discipline in higher 
education and a foundation for other fields of study such as science, engineering, 
or technology. Although mathematics is a critical part of learning, many learners 
still report that mathematics courses are not easy to learn, that they are prone to dif-
ficulty and risk of failure, that negative performance ratings are high, and that learn-
ers often experience intense stress and anxiety (Roick & Ringeisen, 2018).

This study includes literature from the fields of science education and mathemat-
ics education. Researchers have suggested that learners’ attitudes toward math-
ematics, including their feelings and perceptions of mathematics, originate from 
and are influenced by memories of past failures and successes, interactions with 
the environment, the teaching methods they receive, the types of mathematics they 
are exposed to, and the learning environment they are in (Martinez, 1996). It has 
been shown in past studies that the application of GBL in science and mathemat-
ics education not only enhances learners’ learning outcomes but also increases their 
motivation (Alrehaili & Al Osman, 2019; Chen et al., 2016). Moreover, GBL in sci-
ence and mathematics education improves learning attitude (Chiang & Qin, 2018), 
enhances engagement (Bressler & Bodzin, 2013), improves technology acceptance 
(Hwang et al., 2012; Lin & Hou, 2016), raises self-confidence (Pareto et al., 2012), 
and decreases learning anxiety (Verkijika & De Wet, 2015). In this study, GBL is 
examined in the fields of science and mathematics education to measure learning 
issues and the 5C key competencies including communication and collaboration 
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(Gil-Doménech & Berbegal-Mirabent, 2019), problem solving (Ke, 2019), critical 
thinking, and creativity for further review and analysis of learning outcomes.

GBL has an enormous influence on current education. The GBL research in sci-
ence and mathematics education is also growing and developing more widely. In this 
study, we reviewed the literature on the application of GBL in science and math-
ematics education. The analysis is divided into three time periods: 1991 to 2000, 
2001 to 2010, and 2011 to 2020. A systematic review of GBL in science and math-
ematics education was conducted by searching the Web of Science (WoS) database 
to understand the current state and potential of GBL in science and mathematics 
education. The research questions of this study are as follows:

1.	 Who are the most influential authors in the field of GBL in science and mathemat-
ics education in the last 30 years?

2.	 Which regions have made the most contributions in the field of GBL in science 
and mathematics education in the last 30 years?

3.	 What are the most popular platforms/devices and game genres used in the field 
of GBL in science and mathematics education in the last 30 years?

4.	 What are the most popular subjects in the field of GBL in science and mathemat-
ics education in the last 30 years? What is the education level of the learners?

5.	 What are the research methods and measurement issues in the field of GBL in 
science and mathematics education in the last 30 years?

6.	 What is the cluster analysis of keywords in the field of GBL in science and math-
ematics education in the last 30 years?

Research methods

Data collection journal database from 1991 to 2020

Considering the purpose of this study, we drew on previous literature and developed 
two groups of keywords to identify articles for the main analysis: (a) keywords cov-
ering games, such as game-based learning, GBL, learning games, serious games, 
educational games, game for learning, video games, gamification, digital games, 
game, gaming, gameful, gameplay; and (b) keywords related to science and math-
ematics for subjects and competencies, such as science, sciences, biology, chemistry, 
physics, science education, environmental education, ecological science, and math-
ematics. Consequently, the Boolean expression (“game-based learning” or “GBL” 
or “learning games” or “serious games” or “educational games” or “game for learn-
ing” or “video game” or “gamification” or “digital games” or “game” or “gaming” 
or “gameful” or “gameplay”) AND (“science” or “sciences” “biology” or “chemis-
try” or “physics” or “ science education” or “environmental education” or “ecologi-
cal science” or “mathematics”) were applied to search the publications (Gao et al., 
2020; Hwang & Chen, 2021). Next, according to several literature reviews, it is 
important to conduct a review based on quality publications in relation to education 
and technology with high impact factors, the journals were limited to the follow-
ing seven: the British Journal of Educational Technology (BJET), Computers and 
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Education (C&E), Educational Technology & Society (ETS), Educational Technol-
ogy Research & Development (ETR&D), the Journal of Computer Assisted Learn-
ing (JCAL), Interactive Learning Environments (ILE), and Innovations in Education 
and Teaching International (IETI) (Hwang et  al., 2012; Tsai & Tsai, 2020). This 
study collected literature published in seven educational technology journals in the 
field of GBL in science and mathematics education from 1991 to 2020 from the 
WoS database, to analyze the research trends in the field.

Figure  1 indicates the process of searching, filtering, and selecting eligible lit-
erature for this study. The search task was performed in March 2021 using the WoS 
database to identify all potentially relevant literature from 1991 to 2020.

The search underwent a two-stage manual filtering process. First, all researchers 
read all titles and abstracts, deleting those that were screened out as irrelevant arti-
cles. Second, the remaining literature was read to verify that the selection adequately 
met the inclusion criteria, and the deleted literature was categorized as non-science 
and mathematics education areas, non-GBL, irrelevant, and literature review. The 
number of retained papers and their publication years are listed in Table 1, and all 
papers included in the criteria were coded and analyzed using content analysis, the 
results of which are presented with Microsoft Excel and the VOSviewer software.

Theoretical model and coding schemes

In order to analyze the literature on the application of GBL in science and math-
ematics education, a coding scheme was developed regarding the previous technol-
ogy-based learning model adopted by Lin et al., (2018) as shown in Table 2.

Based on the characteristics of the science and mathematics education 
domains, this study used a multi-item model of game-based learning and a 

Fig. 1   WoS database searching steps
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developmental profile of learning in the science and mathematics education 
domains. The model represents the factors that need to be taken into account 
in the learning environments in science and mathematics education, including 
learners, technology, and subjects. In addition, the following issues were con-
sidered such as research issues (e.g., subjects and education level), interaction 
issues (e.g., platforms/devices and game genre), and measurement issues (e.g., 
learning performance, and affective or psychological state) to meet the study’s 
research objectives as shown in Fig. 2.

During the analysis process, the coding was first conducted by two research-
ers who read, categorized, and analyzed the literature according to the coding 
scheme. If there was any disagreement during this phase, a group discussion was 
conducted until a decision was reached. In the second coding phase, the discrep-
ancies were resolved by consensus through discussion and necessary modifica-
tions to the existing coding work. Finally, the coding consistency was agreed 
upon by all researchers. Two other researchers then conducted a meta-analysis 
using the revised coding scheme and supervised all coded data, allowing a close 
check of the suitability of the analysis. The final check was conducted by all 
researchers simultaneously.

Data distribution

As shown in Fig. 3, there was only one article from 1991 to 2000, which shows 
that research on GBL was still developing, and 11 articles from 2001 to 2010, 
indicating that researchers were beginning to invest in research. The earliest 
application of GBL in science and mathematics education, written by Lingefjärd 
(1993), was published in 1993 in the C&E Journal. It examined the use of tuto-
rial games integrated with mathematics. Figure 3 shows that the related research 
began to increase in the next few years, the number of publications in 2012 was 
triple than that of 2011. It also shows that most of the papers were published 
between 2015 and 2020; in particular, from 2018 to 2010, which indicates that 
the GBL application in science and mathematics education is becoming a popular 
research trend.

Table 1   Distribution status of 
journal publications from 1991 
to 2020

Journal titles 1991–2000 
(N = 1)

2001–2010 
(N = 11)

2011–2020 
(N = 134)

1991–
2020 
(N = 146)

C&E 1 6 47 54
ILE 0 1 23 24
ETR&D 0 1 18 19
BJET 0 1 17 18
JCAL 0 1 14 15
ETS 0 0 14 14
IETI 0 1 1 2
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VOSviewer

In this study, the bibliometric analysis was conducted using VOSviewer. The results 
are presented in the form of a network map showing the relationship of keywords, 
the most cited authors, and regions in science and mathematics education on GBL. 
In the network map, each keyword is represented by a circle. The diameter of the 
circle indicates the frequency of the keyword, where the larger the circle, the more 
frequently the keyword appears. The distance between the circles represents the 
association of two keywords, and the line represents the connection between the 
two keywords, where the more frequently they appear together, the thicker the line 
between them.

Fig. 2   Game-based learning model

Fig. 3   Distribution status of GBL in science and mathematics education from 1991 to 2020
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Results

Bibliometric mapping analysis

Keywords

According to Fig. 4, game-based learning and interactive learning environment are 
the keywords that appear more frequently, which also means that they have been the 
keywords that researchers have been exploring the most. By contrasting the color 
of the chronological diagram at the bottom of the figure, it is seen that the more the 
color tends to be yellow, the more recent the keywords are. The game-based learn-
ing, interactive learning environment, and cooperative/collaborative learning have 
received attention by earlier studies, while the ARCS (Attention, Relevance, Con-
fidence, Satisfaction) motivation theory, competition, and learning behavior have 
been increasingly researched and explored in recent years.

Author publications

Table  3 and Fig.  5 show that Professor Hwang, Gwo-Jen has published the most 
papers with a total of 10. His research is mainly on natural science education in 
elementary school. The primary type of game is role-playing. He is followed by 
Professor Chen, Ching-Huei who has published a total of seven articles. Moreover, 
the most-cited author is Professor Hwang, Gwo-Jen with 844 citations, followed by 
Professor Sung, Han-Yu with 385. The analysis of author publication shows that 

Fig. 4   Distribution of the number of papers using the keywords from 1991 to 2020
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Professor Hwang, Gwo-Jen has made great contributions and has been a very influ-
ential researcher on GBL in science and mathematics education.

Region distribution

Table 4 and Fig. 6 present that Taiwan accounts for the majority of GBL research 
in science and mathematics education with 60 publications, followed by the United 
States with 40. Moreover, the most-cited region is Taiwan, with 2229 citations, fol-
lowed by the United States with 1374. The thickness of the line between Taiwan 
and the United States in Fig. 6 also shows the close relationship between them. In 

Table 3   Number of authors’ 
documents and citations

Author Documents Citations

Hwang, Gwo-Jen 10 844
Chen, Ching-Huei 7 89
Ke, Fengfeng 4 140
Sung, Han-Yu 3 385
Hung, Chun-Ming 3 241

Fig. 5   Most cited authors from 1991 to 2020

Table 4   Number of documents 
and citations of each region

Region Documents Citations

Taiwan 60 2229
U.S.A 40 1374
Chinese Mainland 8 53
England 7 160
Greece 6 772
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this field, Greece has published six articles, but with a high number of 772 cita-
tions, indicating that its research is worth attention. In addition, the Greek researcher 
Papastergiou (2009) published a paper using quantitative research and combining 
computer science with simulation games not only investigated the high school stu-
dents’ effectiveness and motivation in learning computer memory concepts, but also 
examined gender differences in the learning performance. The results showed the 
gaming approach promoted students’ knowledge of computer memory concepts and 
motivated learning without gender differences. This study has been cited 682 times, 
which means it is a significant contribution and a very influential paper. The color 
comparison of the chronological diagram also shows that in recent years, Finland, 
South Korea, and Chinese Mainland have started to explore this field as well.

Content analysis

Adopted types of platforms/devices and game genres

Table 5 shows the most used devices and types of games in science and mathematics 
education. The data show that the GBL process is mainly computer or online assisted 
(N = 71). However, mobile learning (N = 34) has gradually become mainstream due 
to the rapid development of mobile technology in the last decade, which provides 
both convenience and immediacy. The ranking of game types in the last decade is 
in the order of simulation games (N = 51), tutorial games (N = 41), and role-playing 
games (N = 12). When learners learn by simulation games, they can participate in 
the process of discovery and autonomy, which can facilitate the learning experience 

Fig. 6   Most cited regions from 1991 to 2020
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and enhance intrinsic learning motivation. Research has also found a strong correla-
tion between learning experiences and problem-solving strategies (Liu et al., 2011). 
Besides, tutorial games have been widely used in research because of their relative 
ease of production and ease of use (Chang et al., 2010; Khoo, 2016).

Adopted research subjects

Figure 7 presents the research subjects chosen by the current studies. They are sci-
ence, mathematics, physics, biology, mixed, chemistry, and ecological science, in 
which science includes natural science and computer science. Data from the last 
10  years show that most of the areas of study were "Science" (N = 51), followed 
by “Mathematics” (N = 51) and “Physics” (N = 15). GBL has been extensively used 
to support science learning (Nietfeld et al., 2014). One of the potentials of GBL in 
science learning is the ability to provide an emotional environment that promotes 
cognitive learning in science. Also, learners can enhance their collaboration and 
problem-solving abilities during the process of GBL (Li et  al., 2013). Mathemat-
ics is considered a critical discipline in higher education, and most fields of study, 
such as science, engineering, or technology, are based on mathematics as an exten-
sion (Ke, 2014; Yang et al., 2018). Although mathematics is an important part of 
learning, many researchers report that mathematics is not easy to learn. Learners 
are prone to difficulty and risk of failure, negative performance ratings are high, and 
they often experience intense stress and anxiety (Roick & Ringeisen, 2018). There-
fore, researchers and educators have worked to improve the learners’ learning expe-
rience of mathematics to enhance their intrinsic motivation, interest, and learning 
outcomes with GBL (Chang et al., 2012; Yang et al., 2018).

Table 5   Adopted types of platforms/devices and game genre

Category 1991–2000 
(N = 1)

2001–2010 
(N = 11)

2011–2020 
(N = 134)

1991–
2020 
(N = 146)

Platforms/devices Computer or online games 1 7 63 71
Mobile or ubiquitous games 0 0 34 34
Console or video games 0 3 23 26
Wearable devices 0 1 9 10
Others 0 0 5 5

Game genre Simulation games 0 4 51 55
Tutorial games 1 5 41 47
Role-playing games 0 0 12 12
Serious games 0 1 11 12
Puzzle games 0 0 8 8
Hybrid genre 0 0 6 6
Others 0 1 2 3
Exer-games 0 0 2 2
Board games 0 0 1 1
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Fig. 7   Number of research subjects from 1991 to 2020

Fig. 8   Number of research participants from 1991 to 2020
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Adopted research participants

Figure 8 shows the sample size of GBL learning among learners at different educa-
tional levels and found that elementary education (40.3%), and secondary education 
(38.2%) accounted for the majority, and tertiary education accounted for 9.4%. The 
study also found that nearly 9% of the research was conducted across educational 
levels, and 3.4% involved preschoolers. This means that secondary and elementary 
school students are the primary sample for GBL in science and mathematics educa-
tion. It also implies that most researchers consider children and adolescents to be the 
primary learners of GBL.

Adopted research methods

In Fig.  9, quantitative research is currently the most dominant research method, 
accounting for 70% of the total. This research method is the most intuitive way to 
present research data and explore the current research state. More than half of the 

Fig. 9   Research methods used 
from 1991 to 2020

Table 6   Research methods used 
from 1991 to 2020

Research methods 1991 
| 
2000
(N = 1)

2001 
| 
2010
(N = 11)

2011 
| 
2020
(N = 134)

1991 
| 
2020
(N = 146)

Quantitative 0 8 94 102
Mixed 0 3 36 39
Qualitative 1 0 4 5
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research is first to present the research hypothesis and understanding of the learning 
area, then to conduct research and quantify the results for statistical analysis. This 
is followed by mixed research, accounting for 27%, and finally, qualitative research 
accounting for 3%. It is also evident from Table 6 that in the last decade, researchers 
have begun to pay more attention to learners’ subjective ideas and have used mixed 
or quantitative research methods to investigate the data. The literature also shows 
that more in-depth and informative findings can be collected through interviews or 
focus group meetings with study participants, enriching the findings (Bressler & 
Bodzin, 2013; Laine et al., 2016; Wilkinson et al., 2020).

Number of measured issues used

As shown in Table  7, GBL was used to examine whether the measured issues in 
the last 30 years have changed or improved significantly. Between 1991 and 2000, 
only one paper focused on learning achievement, motivation/interest, and technol-
ogy acceptance. Between 2001 and 2010, the main issues discussed were learn-
ing achievement (10 articles), motivation/interest (5 articles), and engagement (4 
articles). In the past 10 years, from 2011 to 2020, the main issues discussed were 
learning achievement (119 articles), motivation/interest (52 articles), and general 
perceptions or attitude (37 articles), which shows that achievement, motivation, and 
attitude have always been important issues for researchers.

From 2001 to 2010, researchers began to emphasize the development of higher 
order thinking, such as cooperation/collaboration (N = 4), problem-solving skills 
(N = 1), and critical thinking (N = 1). From 2011 to 2020, cooperative/collabora-
tive learning (27 articles), problem-solving skills (24 articles), and communication 
skills (4 articles) were beginning to be explored in a large body of literature. This 
means that researchers emphasized interaction, mutual evaluation, and team com-
petition in group learning activities. Moreover, researchers stressed the learners’ 
problem-solving skills and expected them not only to learn the knowledge but also 
to learn actively and deal with different problems and crises to help improve their 
self-efficacy.

Discussion and conclusions

This study analyzed the literature on GBL in science and mathematics education 
from 1991 to 2020, and divided it into three time periods, 1991 to 2000, 2001 to 
2010, and 2011 to 2020, respectively. Furthermore, the study summarized the cur-
rent state of research and suggested potential trends for future research. For nearly 2 
decades, GBL has been a common learning method used by many researchers and 
educators. Many researchers have found the benefits of adopting GBL in science 
and mathematics education. For example, the study indicated that for elementary 
students, the application of tutorial games in mathematics can effectively improve 
engagement, self-efficacy, and learning achievement (Ku et al., 2014), and for sec-
ondary students, the application of puzzle games in science can effectively improve 
collaboration skills, attitudes, motivation, and engagement (Bressler & Bodzin, 



470	 J. Comput. Educ. (2022) 9(3):455–476

1 3

Ta
bl

e 
7  

N
um

be
r o

f m
ea

su
re

d 
is

su
es

 fr
om

 1
99

1 
to

 2
02

0

C
at

eg
or

y
19

91
 

│
 

20
00

(N
 =

 1)

20
01

 
│

 
20

10
(N

 =
 11

)

20
11

 
│

 
20

20
(N

 =
 13

4)

19
91

 
│

 
20

20
(N

 =
 14

6)

A
ffe

ct
iv

e 
or

 p
sy

ch
o-

lo
gi

ca
l s

ta
te

Le
ar

ni
ng

 a
ch

ie
ve

m
en

t
1

10
11

9
13

0
M

ot
iv

at
io

n 
/ i

nt
er

es
t

1
5

52
58

G
en

er
al

 p
er

ce
pt

io
ns

 / 
at

tit
ud

es
0

1
37

38

En
ga

ge
m

en
t /

 fl
ow

0
4

30
34

Te
ch

no
lo

gy
 a

cc
ep

t-
an

ce
 / 

ev
al

ua
tio

n
1

1
15

17

Se
lf-

effi
ca

cy
 / 

co
nfi

-
de

nc
e

0
1

12
13

C
og

ni
tiv

e 
lo

ad
0

0
8

8
Sa

tis
fa

ct
io

n
0

0
8

8
Le

ar
ni

ng
 a

nx
ie

ty
0

0
6

6
Pe

rfo
rm

an
ce

C
ol

la
bo

ra
tio

n 
/ c

oo
p-

er
at

io
n

0
4

27
31

Pr
ob

le
m

 so
lv

in
g

0
1

24
25

C
om

m
un

ic
at

iv
e 

co
m

-
pe

te
nc

e
0

0
4

4

C
re

at
iv

ity
0

0
4

4
C

rit
ic

al
 th

in
ki

ng
0

1
0

1



471

1 3

J. Comput. Educ. (2022) 9(3):455–476	

2013). Researchers also indicate the importance of integrating GBL into the teach-
ing curriculum. For example, it strengthens the learner’s initiative and enhances his 
or her learning motivation and effectiveness (Chen, 2020). In addition, mobile tech-
nology has become increasingly advanced in recent years. Applying mobile game-
based learning (MGBL) can help learners have more flexible learning time and 
ubiquitous learning to improve their learning activity; for example, several research-
ers have reported that MGBL have great potential in improving students’ learning 
achievement and motivation (Daungcharone et  al., 2020; Shiratuddin & Zaibon, 
2010; Su & Cheng, 2015) as well as their learning engagement (Karoui et al., 2020; 
Komalawardhana & Panjaburee, 2018).

Besides, this study analyzed the GBL literature by content analysis and biblio-
metric analysis. The study revealed keyword clusters, the most influential authors, 
and the regions that have contributed the most to GBL in science and mathemat-
ics education. According to the research results, Taiwan has the highest number of 
research papers and citations, showing its contribution. The most influential author 
is Prof. Hwang, Gwo-Jen. He promotes the integration of learning and technology, 
designing a diverse and innovative learning model, and changing the traditional 
learning mode. The second contributing is the United States, and the relationship 
between Taiwan and the United States is intensive. As mentioned in previous lit-
erature, learners who use GBL learn much more effectively than those who do not. 
Therefore, the use of GBL can have a positive impact on learners’ performance. In 
addition, GBL learning provides learners with a fun learning experience and helps 
them develop their ability of higher order thinking, reduces their cognitive load, and 
enhances their flow experience and participation in the learning program (Es-Saj-
jade & Paas, 2020; Deng et al., 2020). GBL not only increases the fun of learning 
but also increases learners’ participation and motivation through self-testing, game 
participation, and feedback (Syal & Nietfeld, 2020).

The most commonly used types of games in GBL are simulation games. These 
games have the effect of enhancing learners’ game experience and participation. 
Learners increase their experience and learning skills and have the opportunity to 
work as a team to improve their collaboration skills (Hanghøj et al., 2018). GBL has 
greatly enhanced entertainment and shows that it motivates learners to have posi-
tive performance, participation, and interest in the learning process. After a thor-
ough analysis, we learned that science and mathematics are the two subjects that 
educators most often integrate with GBL. The results are consistent with previous 
research (Tokac et al., 2019; Tsai & Tsai, 2020).

This study also investigates the benefits of GBL in various aspects of the learn-
er’s learning process. The learners’ collaborative learning and problem-solving skills 
through game-based learning have received considerable attention from researchers 
in the past decade. Researchers have placed more emphasis on the core competencies 
of 5C for learners. Moreover, researchers have found that learners’ ability to collabo-
rate and comprehend was enhanced during team interaction in game-based learning 
(Lindström et al., 2011), the process of discussion and reasoning also helps the con-
struction of knowledge (Hsu et al., 2016), and cultivates critical thinking (Hwang & 
Chang, 2020; Lim et al., 2006). The research found that higher order thinking tends to 
influence the learning process, such as improving peer-to-peer communication skills 
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in group discussions and strengthening analytical skills through problem solving. Dur-
ing the collaborative activities, communication skills (Chang & Hwang, 2017), crea-
tivity (Lindström et al., 2011), and problem-solving skills (Sánchez & Olivare, 2011) 
are significantly enhanced in GBL. The 5C competencies are vital abilities in various 
subjects. It is expected that educators could develop creativity and critical thinking of 
students in the curriculum to foster their high-order thinking (Lederman et al., 2014), 
and enhance their engagement (Akman & Çakır, 2020; Ding et al., 2018).

Several previous studies have reviewed the early applications of information tech-
nology in education, including Computer Assistant Instruction (CAI), Online Learn-
ing, Mobile learning (M-learning), and numerous future trends of immersive learning, 
for example, Augmented Reality (AR), Virtual Reality (VR), Mixed Reality (MR), 
X-Reality, and Cross Reality (XR). Accordingly, researchers have indicated that mobile 
technology and its education and entertainment applications have gradually expanded 
to mobile learning (Karoui et al., 2020). They have also reported the need of integrating 
learning strategies with new technologies to enhance learner motivation and satisfac-
tion as well as improving their understanding of concepts (Herrington et al., 2007; Prit 
Kaur et al., 2019).

In sum, the advantages and trends of GBL have been investigated through the lit-
erature review by content analysis and bibliometric analysis in this study. It explored 
the impact of different platforms/devices and game genres on learners and performed 
coding analysis of the measure issues for learners in various areas such as the core 5C 
competencies. We found that there were some limitations to this study, and so we offer 
the following suggestions for future research:

(1)	 Add more retrieval databases, such as SCOPUS, IEEE, and a greater volume of 
the literature for analysis.

(2)	 Increase exploration of co-citation relationships between authors.
(3)	 Investigate the number of co-citation relationships between regions.
(4)	 Explore in-depth collaborative relationships between authors.

Therefore, the results of this study confirm the current status of GBL in science 
and mathematics education. For future researchers who intend to explore this field, 
this study can be an informative and valuable reference. This research significantly 
improves the research knowledge and provides a better understanding of GBL trends in 
science and mathematics education. It is expected to serve as a reference for researchers 
in planning curriculum activities in the technological era.
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