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ABSTRACT This study aims to reveal the dominant research interests and models in serious games research
using topic modeling analysis. The dataset of this study covers a comprehensive collection of 2676 articles
from the past to the end of 2022, indexed in the Scopus database. The study begins by presenting descriptive
attributes of the articles, including their publication years, subject areas, and the journals in which they
are published. Subsequently, employing topic modeling analysis, a form of unsupervised machine learning,
the study identifies concealed themes, research interests, and tendencies within the literature. The findings
indicate a notable surge in publications in this domain, particularly post-2009 and 2019. Furthermore, the
study identifies eleven primary topics dominating the literature, with notable emphasis on “Training of
STEM-related fields,” “‘Programming learning,” and ‘“Medical education”. To gauge the dynamics within
these topics, the study calculates accelerations both within individual topics and in comparison to others over
time. Remarkably, “Child and adolescent health” emerges as the topic with the highest self-acceleration,
while “Medical education” stands out for its acceleration in comparison to other topics. In sum, the outcomes
of this study, which provides a comprehensive overview of the serious games field, are anticipated to yield
valuable insights for understanding the current landscape, guiding future research endeavors, and shaping
the trajectory of this field.

INDEX TERMS Data science applications in education, research trend, serious games, topic modeling.

I. INTRODUCTION

In recent years, there has been a growing interest in devel-
oping innovative tools to enrich learning environments and
support learning. Accordingly, the use of games for edu-
cational purposes has become increasingly widespread [1],
[2], [3]. Games used in the education and training process—
including simulation and video games—are considered seri-
ous games (SG) [3], [4], [5], [6]. With the acceptance and
use of information and communication technologies (ICT),
SGs have received and continue to attract great attention in
recent years [7]. This interest is based on their potential to
support learning [8], [9]. According to [10], well-designed
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SGs have the potential to turn learning into a challenge full
of fun through the right mix of educational and entertaining
elements. Similarly, [11] emphasizes that well-designed SGs
can support effective learning. From this point of view, it can
be said that SGs play an active role in encouraging learn-
ing because of their interesting and immersive features that
increase the active participation of students in the learning
process [12]. For this reason, educational SGs are seen by
many researchers as a fun activity and are considered to
support the development of knowledge, skills, and abilities
through immersive experiences [13], [14].

SG is mostly regarded as an application-type of digital
game-based education system. As a matter of fact, SG is
a game that aims not only for entertainment but also for
teaching purposes [15], [16]. While entertainment games are
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primarily focused on entertainment and leisure activities,
SGs are designed to serve a primary purpose beyond enter-
tainment, such as education, training, or promoting social
change [8], [12]. By using entertainment elements, SGs aim
to increase players’ motivation and interest while at the same
time achieving specific learning objectives or supporting the
development of specific skills. As such, SGs are hybrid in
nature, combining entertainment and learning objectives [14].
SGs can also be thought of as games containing purpose-
ful tasks aimed at improving the player’s performance and
cognitive skills [17], [18]. From this aspect, different from
entertainment games, SGs are designed for an educational
purpose [2], [19], [20]. With SG, the player also learns
while playing [4]. An effective SG tries to put the player
in a positive mood to continue the game, thereby increasing
interest in the game. This manifests itself as better academic
performance [18]. In this context, SGs have proven to be a
powerful tool in education in terms of attracting students’
attention, motivating them, and helping them learn [21], [22].
While there were mostly positive opinions about the effects of
SGs on learning, negative results were reported in a number
of studies, albeit in a limited number. At the top of these
disadvantages, it has been shown that SGs negatively affect
the relationship between mental workload and learning effect
and increase mental workload [23], [24].

A. EXAMPLES OF THE INTEGRATION OF SGs INTO
LEARNING ENVIRONMENTS

Studies analyzing learning through SGs and their effects
on learning have gained importance in recent years [25].
Because SGs include both formal and informal environments
and can appeal to target audiences from almost every age
group [6]. For this reason, SGs are integrated into learn-
ing environments in a wide range and at different levels,
from theoretical and practical training to military training;
from mathematics education to health education; from pro-
gramming to engineering education; from safety training to
rehabilitation [6], [26], [27], [28], [29], [30]. Some of these
studies can be detailed as follows: [10] aimed to measure
the effectiveness of SG in training students in safe design
thinking in the construction and maintenance of facilities.
In the research, three interventions were developed and
implemented to measure pedagogical values: a computer-
based serious game, a paper-based game (the paper version of
the serious game), and a traditional lecture. The results of the
study revealed that the serious game is more effective than the
traditional lecture, and the paper-based game cannot motivate
the students as much as the SG. Reference [21] conducted a
study on an SG application developed for first aid techniques.
In the study, they proposed a combination of game learning
analytics and data mining techniques to predict changes in
knowledge level based on student interactions within SG. The
results of the study showed that SGs can be used not only
for teaching but also for measuring knowledge acquisition
after playing. Reference [31] investigated the effects of a
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multiple intelligence-based SG on attention deficit hyperac-
tivity disorder and specific learning disorder, and they found
significant differences in attention performance measures
between experimental and control groups in the posttest. Ref-
erence [25] developed a SG for learning arithmetic operations
on polynomials, which they named Tempoly. The aim of
the study is to measure the reactions of students to SG and
to examine the effect of SG use on students’ learning. The
results of the study revealed that the students enjoyed playing
the game, the game helped them learn polynomial operations,
and the students who played the game synchronously with
the lesson were statistically more successful than those who
did not. Reference [22] compared the effects of teaching
programming to secondary school students with SG and
traditional teaching approaches. According to the results,
although students who learned with SG were more successful,
there was no statistically significant difference. In addition,
perceived ease of use, usefulness, and attitude towards SG
use were quite high. Reference [32] implemented an SG
for learning the concepts of “Thermotechnics™ in his study
conducted with engineering students. The results of the study
revealed a statistical effect of SG on academic achievement.
On the other hand, most of the students expressed the opinion
that SG increases motivation and that they find it easy and
fun to use. Reference [33] examined the effect and effective-
ness of SG on science learning and concluded that students
understood the relevant scientific concepts in a holistic way,
academic performance increased significantly in the case of
SG playing, and the effect of learning was preserved in the
long term. Reference [34] developed a SG for the sexual
health education of adolescent students and conducted an
experimental study. The results of the study revealed positive
results in terms of both academic success and the effective-
ness of SG. Reference [35] developed and implemented a SG
for medical decision-making education, which they named
GeriatriX, by weighing the patient preferences of medical
students with the relevance and costs of medical care. The
results of the study showed that there was a large increase
in weighing patient preferences, appropriateness, and cost of
medical care in the SG-trained group.

The examples provided showcase the diverse applications
of SGs in education, ranging from STEM fields to pro-
gramming, medical and health sciences, child and adolescent
health, rehabilitation, cultural heritage education, and safety
education. These examples provide a very comprehensive
perspective on the widespread use of SGs across different
educational disciplines and levels.

B. RELATED WORKS AND IMPORTANCE OF THE PRESENT
STUDY

The increasing popularity of SGs in recent years has resulted
in their integration into learning environments at almost all
levels and in different fields. In this context, a number of
bibliometric, scientometric, meta-analysis, and systematic
review analyses have been carried out to describe the current
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situation of SG research both in general and in a specific
field and to offer a holistic perspective on the field. Some
studies in this field can be listed as follows: bibliometric
analysis with 376 articles in the field of simulation and SG
used in educating for sustainability published between 1997-
2019 [26], meta-analysis with 39 articles published between
2009-2018 [18], a literature review on 26 articles on the
possible role of the narrative in the experience of the stu-
dent participating in SG games [20], a systematic review
study conducted with 48 studies to determine the trends of
SGs in the field of health care training [36], bibliometric
analysis conducted with a total of 1431 publications on SG
published between 2007-2017 [37], review and bibliometric
analysis with 795 articles to determine the health care trend
in SG [38], systematic scoping with 21 articles including
SGs used for health promotion with adolescents (SGs used
for health promotion with adolescents) review [39], a sys-
tematic review study conducted with 53 empirical SGs in
science education published between 2002 and 2013 [6], and
a systematic review study conducted with 30 SGs used in
health professions education [40], a systematic review study
conducted with 7 SG articles in nursing education [41], the
effectiveness of SGs in alleviating depression a systematic
review and meta-analysis study [42] with 16 articles on effec-
tiveness of SGs in easing the depression, systematic review
study conducted with 12 articles on SG design and clinical
improvements in physical rehabilitation between 2010-2021
an article [43]. The contribution of such studies to the field,
describing the studies conducted in different fields with SG,
cannot be ignored. However, both bibliometric studies focus-
ing on specific indicators and systematic review studies with
relatively little documentation and manual analysis may have
limitations due to these characteristics. These limitations
make it difficult to look at the field from a wider perspective
and increase the risk of missing semantic information in the
extraction of hidden semantic patterns [44], [45]. At this
point, topic modeling studies based on data/text mining,
which is an unsupervised machine learning technique, pro-
vide important outputs. Bano et al. demonstrated how BERT
and BiGRU can be combined for summative text summa-
rization, revealing how unsupervised learning algorithms can
effectively extract key information from long and complex
scientific articles. This work is an example of how the power
of unsupervised learning can be harnessed to find meaningful
patterns and relationships in large amounts of text data, just
like topic modeling [83].

Topic modeling is an innovative computational tech-
nique that has revolutionized the analysis of large volumes
of unstructured text data [44], [46], [47]. This innovative
approach enables researchers to uncover hidden semantic
structures, or ““topics,” within document collections, provid-
ing a deeper understanding of the underlying themes and
concepts present in the data [44], [48]. By using advanced
algorithms and statistical methods, topic modeling can reveal
patterns and relationships that may not be immediately
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apparent through traditional methods of analysis. One of the
key innovations of topic modeling, particularly exemplified
by Latent Dirichlet Allocation (LDA), is its ability to auto-
matically identify topics without the need for pre-defined
categories or labels [50], [S1]. This unsupervised nature
of topic modeling is particularly valuable in exploratory
data analysis, where researchers seek to gain insights from
data without prior assumptions about its structure [53]. This
approach allows for a more flexible and adaptable analysis,
as the topics identified by the model can evolve based on the
content of the documents being analyzed [44], [45], [50].

LDA, a foundational model in topic modeling, is a prob-
abilistic generative model that posits each document as a
mixture of topics and each topic as a distribution over
words [50], [54], [55]. The model assumes a three-level
hierarchical Bayesian structure, wherein documents are rep-
resented as random mixtures of topics, which are in turn
characterized by distributions over words. Through iterative
application of the Dirichlet distribution, LDA estimates the
posterior distribution of topics in each document and the
distribution of words in each topic. This iterative process
allows LDA to capture the underlying thematic structure
of the document collection, enabling researchers to uncover
hidden patterns and semantic relationships [45], [50], [52].
LDA-based topic modeling offers a methodologically sound
approach to analyzing textual data. While topic modeling
analysis is used to reveal hidden structures in text data,
bibliometric analysis is more commonly used to examine
the content, publication frequency, and interactions of pub-
lications in academic literature [44]. The advantage of topic
modeling analysis over bibliometric analysis is that it allows
a deeper understanding of the data by revealing hidden struc-
tures in text data [45], [46]. In recent years, many studies
based on topic modeling have been mentioned, thereby iden-
tifying interests and trends in various fields [44], [47], [48],
[51], [53], [81].

The current study aims to reveal the big picture in articles
about SG from the past to the present. Additionally, it aims to
reveal the research interests and trends of articles in the field
of SG and their hidden semantic patterns through topic mod-
eling analysis. This study provides a comprehensive analysis
of the field of SG with a total of 2676 articles, providing the
opportunity to look at this field from the broadest perspective.
In addition, the fact that it was conducted with an innovative
method based on unsupervised machine learning-based topic
modeling is an important study. In this direction, answers to
the following research questions were sought in the study:

RQi: What is the distribution of articles on SG by
years?

RQ3: What are the prominent subject areas and journals
in articles about SG?

RQ3: What are the prominent topics in SG-related arti-
cles?

RQg4: What is the trend of the topics emerging in the
articles with SG?

81829



IEEE Access

H. Ozyurt et al.: Exploring the Evolution of Educational Serious Games Research

These research questions are critical to better understanding
the role of SGs in education, guiding future research, and
shaping developments in the field. By answering these ques-
tions, the current study will be able to understand the current
state of SG research, identify which topics are at the forefront,
and reveal potential research gaps in the field. In this context,
the study will make a significant contribution to the literature
by providing a broad perspective on the field of SG and by
using an advanced analysis technique such as topic modeling.

Il. METHODS
This study relies on two bases. The first of these is to reveal
the descriptive characteristics of the articles in the field of SG
(to answer the first two research questions), and the second
is the topic modeling analysis of these articles (to answer the
third and fourth research questions). Descriptive analysis was
primarily used to reveal common characteristics of articles in
the field of SG. Descriptive analysis is an accepted method
for extracting specific indicators and summary information
from studies, such as publication years, subject areas, and
journals [49]. While this approach provides an overview
of the field, it may not capture complex relationships and
nuances in texts. Therefore, we examined key trends and
focal points in SG research more comprehensively using topic
modeling analysis for more in-depth semantic analysis [50].
With topic modeling analysis, it becomes possible to extract
semantic information from large text stacks that are difficult
to handle manually. For this reason, topic modeling analysis
has been a preferred approach in recent years for determining
research interests and trends in literature reviews [44], [45],
[51], [52], [53]. In this study, the Latent Dirichlet Allocation
(LDA) algorithm [50], which is accepted and frequently used
in the topic modeling analysis process, was used. LDA is a
probabilistic generative method used in topic modeling [54],
[55]. The LDA algorithm is a probabilistic topic modeling
technique used to extract hidden semantic patterns from
text data [50], [82]. LDA assumes that each document is
a mixture of topics, and each topic has a distribution over
words. By estimating the probability distributions of topics
in documents and words in topics, the algorithm reveals the
underlying thematic structures in the text collection. In this
way, semantic patterns in large text datasets can be auto-
matically identified without human intervention. The flow
diagram of the study is summarized in Figure 1.

According to Figure 1, the study starts with the creation of
a comprehensive dataset of articles in the field of SG from
the Scopus database. The collected data is then subjected to
cleaning and preprocessing stages to make it suitable for topic
modeling analysis. These stages include removing numerical
expressions, punctuation marks, and symbols from the text
data, lowercase conversion, the removal of stop words, and
lemmatization. The cleaned data is then subjected to two
different types of analysis: descriptive analysis and topic
modeling analysis. Descriptive analysis aims to reveal the
basic characteristics of the articles, such as publication years,
subject areas, and journals. Topic modeling analysis, on the

81830

Data Collection

Scopus Database Query

Creating Corpus

Descriptive Analysis Data Preprocessing

Descriptive Characteristics Cleaning & Lemmatization

’ Data Analysis for RQ1 & RQ2 1 ‘ Content Ready for Topic Modeling

v v

Tables and Graphics ‘ LDA-Based Topic Modeling

Pilot Analysis & Stop Word Update

’ Final Topic Modeling Analysis

Deciding Number of Topics

Model Creation

Visualization with PyLDAvis

’ Topic Visualization and Naming ‘

v

Trend Analysis ‘

v
’ Results for RQ3 & RQ4 ‘

FIGURE 1. Flow diagram of the whole study.

other hand, uses the LDA algorithm to identify hidden seman-
tic patterns in the texts, i.e., topics. Finally, the findings from
both analyses are combined and interpreted, and the main
conclusions of the study are presented.

A. DATA COLLECTING AND CREATING THE CORPUS

The first and most important step in the literature review is the
creation of the largest corpus in the studied area. Accordingly,
the Scopus database was chosen to create the most transitional
corpus in the SG area. The Scopus database stands out as the
most comprehensive database that brings together more than
7000 publishers worldwide, including Elsevier (Web of Sci-
ence), Emerald, IEEE, Sage, Springer, Taylor & Francis, and
Wiley Blackwell, and also includes more than 240 disciplines
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[56], [57]. Thanks to this inclusive and wide network, the
Scopus database is accepted and frequently preferred in such
studies [45]. In this context, the terms that will best cover
the SG field on the Scopus database were searched with the
support of the literature, and the title, abstract, and keywords
were searched in order to cover the article. The following final
query was created as a result of the investigations carried out
with the researcher and two field experts:

TITLE-ABS-KEY ( “serious game™” AND ( “educ*” OR
“learn®” OR “teach™” OR “train*” OR “instruct*” ) ) AND
( LIMIT-TO ( SRCTYPE, “j” ) ) AND ( LIMIT-TO ( PUB-
STAGE, “final” ) ) AND ( LIMIT-TO ( DOCTYPE, “ar” )
OR LIMIT-TO ( DOCTYPE, “re” ) ) AND ( EXCLUDE (
PUBYEAR, 2023 ) )

When selecting the dataset from the Scopus database with
the above query, specific criteria were used to cover serious
game studies with an educational focus. All articles and
reviews that included the term “‘serious game*” and at least
one of the terms “educ*”, “learn®”, “teach™”, “train*” or
“instruct®”” were included in the dataset. This selection aimed
to identify research that focused on the use of serious games
in an educational context. The use of these criteria ensured
that studies examining serious games in fields other than
education were excluded from the dataset. This query was
run on February 8, 2023, and a total of 2676 articles (2437
articles and 239 reviews) were obtained as a result of the
query. In this way, all journal articles published in the field
of SG from the past to the present (as of the end of 2022)
have been reached. Descriptive analyes were conducted with
these articles. The title, abstract, and author keywords of the
articles were combined and stored in .csv format, and a corpus
was created ready for topic modeling.

B. DATA ANALYSIS AND IMPLEMENTATION OF TOPIC
MODELING

In this study, constructed on two bases, firstly, a descriptive
analysis was conducted. With these analyses, the descriptive
characteristics of the studies in the field of SG were revealed.
The numerical, frequency, and proportional data obtained
for answering the first two research questions (RQ1 and
RQ2) were converted into tables and graphics. In the sec-
ond stage, the LDA-based topic modeling stage was carried
out to answer the third and fourth research questions (RQ3
and RQ4). The topic modeling phase requires a number of
sequential processes. These stages, also known as data clean-
ing and preprocessing stages, are of great importance in terms
of making the corpus ready for analysis [45], [58]. Firstly,
numerical expressions, punctuation marks, and symbols in
the data set were removed from the texts, and words were
converted to lowercase. Then, a list of stop words (generic
words such as a, an, the, and etc. that do not make sense for
the text) was created and removed from the text. Finally, the
lemmatization process was applied to express the words as
unique. With this process, the stems of the words are obtained.
All these preprocessing steps are fulfilled with the Python
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language and related libraries of this language. As a result
of these processes, content ready for topic modeling analysis
was created.

LDA-based topic modeling analysis was performed on
the data set, which was preprocessed and cleaned. A pilot
analysis was conducted using the Python language Gensim
library [59], and distributions of topics were observed. As a
result of the pilot analysis, the stop word list was updated,
and since the terms ‘“‘serious” and ‘“‘game” were seen in
almost every topic, it was decided to add these words to the
stop word list. As a matter of fact, these terms are terms that
belong to the topic studied, and it does not make any sense to
mention them. After this stage, the final analysis was made
and a model was created for each topic between K = [3], [4],
(51, [61, [71, [8], [9], [101, [11], [12], [13], [14], [15], [16],
(171, [18], [19], [201, [21], [22], [23], [24], [25], [26], [27],
[28], [29], [30], [31], [32], [33], [34], [35] topics. In order to
decide on the ideal number of topics, the c_v coherence value
is one of the coherence values used for the decision [44], [60].
Ideally, the c_v consistency value is expected to be 0.7, and
in real practice, the closest value is accepted [50]. As a result
of the analysis, it was seen that the model with 11 topics with
the highest c_v value (c_v = 0.3958) was the ideal number
of topics. In Figure 2, the graph of the number of topics (c_v
coherence value) is given.

As seen in Figure 2, there is a relationship between the
number of topics and the c¢_v consistency value. As a result
of the analysis, the highest c¢_v consistency value (0.3958)
was obtained for 11 topics. Since this value is closest to the
ideal c_v consistency value (0.7) accepted in the literature,
the number of 11 topics was determined as the ideal number
of topics in this study.

After deciding on the number of topics, the topics were
visualized with the PyLDAvis library and named with
the help of this visualization. PyLDAvis is a library built
on LDAvis [61] that provides web-based interactive and
dynamic visualization of topics [62]. The importance of the
words that make up the topics for that topic can be seen
with the help of the lambda parameter. As this parameter,
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FIGURE 3. Screenshot pyLDAvis.

which is 1.0 by default, is decreased, the important words
that stand out for the relevant topic are moved up. For
better predictions on the topics, the optimum value of the
lambda parameter was adjusted to 0.6 as suggested in the
literature [53], [61]. A screenshot of PyLDAvis is given in
Figure 3. The terms constituting the topics were examined
by two educational technologists besides the researcher, and
the topics were named together. In addition, trend analyses
were made, showing the ratio of each topic among all topics
and the change of topics over time. As shown in Figure 3,
the topic model resulting from the LDA analysis consists of
11 topics. This interactive visualization, obtained using the
pyLDAVis tool, was used to examine the relative importance
of the terms characterizing each topic and possible overlaps
between topics. PyLDAuvis is a powerful tool that facilitates
the understanding and interpretation of the topic model.

lIl. FINDINGS

In this section, the findings obtained from the study, which
aims to look at the field of SG from the widest perspective,
are presented with two titles to answer the research ques-
tions. The first title is “Findings on Descriptive Analysis,”
in which the findings obtained for the first two research
questions (RQ1 and RQ?2) are presented, and the second title
is “Topic Modeling Analysis Findings,” where the findings
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for the third and fourth research questions (RQ3 and RQ4)
are presented.

A. FINDINGS ON DESCRIPTIVE ANALYSIS

In order to reveal the descriptive characteristics of the SG
field, firstly, the distribution of the number of publications
in this field by year was examined. In Figure 4, the number-
year graph of the publications in the field (n = 2676), which
first started with a publication in 2005, and its slope are given
(for answering RQ1). The slope of the graph of the number
of publications by year was obtained as 17,774.

As seen in Figure 4, although there has been a lin-
ear increase in the number of publications in general, this
increase has become more evident, especially after 2009 and
2019. Findings related to subject areas and journals that stand
out in publications in the field of SG (for answering RQ2) are
given in Figure 5 and Table 1, respectively.

In Figure 5, the top ten subject areas of the articles on SG
are listed in order. 27 different subject areas were obtained
individually. Since some of the 2676 articles in total are
tagged in more than one subject area, the total number of
subject areas is greater than the number of articles. In other
words, some studies are labeled under more than one subject
area because they are interdisciplinary. This situation should
not go unnoticed. As seen in Figure 5, the computer science
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TABLE 1. The top ten journals with the highest number of publication and number of publications.
Journal Count
Jmir Serious Games 128
Simulation and Gaming 70
Computers and Education 54
Entertainment Computing 46
International Journal of Game Based Learning 45
Games for Health Journal 40
Sustainability Switzerland 39
Computers in Human Behavior 37
International Journal of Emerging Technologies in Learning 35
International Journal of Serious Games 33
subject area (n = 1209; f = 45.18%) came to the fore the In Table 1, the first ten journals and the number of publica-
most in publications. This is followed by the subject areas of tions in these journals are given. It can be said that the number
“Social Science” and “Engineering”’, respectively. Finally, of publications (n = 527) in the top ten journals with the
the findings regarding the journals with the most publications highest number of publications is approximately equal to one-
in the field of SG are given in Table 1. fifth of the total number of publications (n = 2676). Looking
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FIGURE 5. The top ten subject areas with the highest number of publications and number of publication.

at the journals, it is possible to say that there are publications
in different disciplines, as the subject areas reveal. As a matter
of fact, it has been revealed that journals directly related to
games, educational technology journals, and journals in the
fields of entertainment, health care, and medicine are among
the top ten most published journals.

B. FINDINGS RELATED TO THE TOPIC MODELLING
ANALYSIS
First, the topics for answering the third research question
(RQ3) were examined. Findings from the LDA-based topic
modeling analysis revealed that the SG domain was repre-
sented by 11 topics. Topics are coded as T1,...,T11. The
topics obtained as a result of the analysis, the terms that
make up these topics, and the proportional distribution of the
topics are given in Appendix-A; the matrix of the number of
publications by topic-years and the acceleration of each topic
are given in Appendix-B (both in an order according to the
volume of the topic). In Figure 6, the topics are given accord-
ing to the rank of volume (a) and rank of acceleration (b).
As seen in Figure 6, “Tl: Training of STEM-related
fields” is the most studied topic in SG (f = 44.84%). This
is followed by “T2: Programming learning” and “T3: Med-
ical education”, respectively (f = 21.49% and f = 8.33%).
Similarly, the top four topics that have been studied the
most—with the highest acceleration rate—are also the top
four most studied topics over time. Comparing Figures 6.a
and 6.b, in general, the ranks for the most studied topics
and the topics with the highest acceleration are largely the
same. Only ““T5: Dental Education” breaks the ranking and
accelerates slower than the topics “T6: Child and adolescent
health”, and “T7: Training of cognitive function in adults and
the elderly”.
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TABLE 2. The volume percentage and acceleration of each topic in
periods.

S & g
g ] 0§ 4
s 8 = -
f
T6 0.98% 13.73% 8529%  0.42
T8 1.09% 17.39% 81.52%  0.40
T7 3.09% 1649% 80.41%  0.39
T3 1.35% 20.63% 78.03%  0.38
T10 3.33% 20.00% 76.67%  0.37
TI11 8.00% 16.00% 76.00%  0.34
T5 342% 25.64% 70.94%  0.34
T9 4.17% 25.00% 70.83%  0.33
T2 4.52% 26.78% 68.70%  0.32
T4 4.79% 26.95% 68.26%  0.32
T1 3.83% 29.83% 66.33% 0.31

To answer the fourth research question (RQ4), the years
2005-2022 were divided into three six-year periods in order
to determine the trend of topics in SG articles. This method
was used to see the changes in the topics over time. The
volume ratio of each topic in the periods (how many percent
of the articles on each topic were conducted in the relevant
period) and the acceleration of this ratio are given in Table 2
in order according to the acceleration.
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FIGURE 6. Ranks of the topics according to their ratio of volume (a) and acceleration rate (b).

As it can be seen in Table 2, all topics’ percentage of being
studied increases over time. Table 2 should be read on the
basis of rows, and it should be understood that each row
represents the volume percentage of the relevant topic in that
period. However, the top three topics whose intensity of study
increased the fastest in time were “T6: Child and adolescent
health” (Acc = 0.42), “T8: Rehabilitation training” (Acc =
0.40), and “T7: Training of cognitive function in adults and
the elderly” (Acc=0.39).

Finally, the percentages of the topics in the field of SG
compared to other topics in the periods were calculated.
In this way, considering the volume ratios of all topics in
each period, the status of each topic compared to other topics
was determined. In other words, the percentage of each topic
in each period was determined. In this way, the acceleration
of each topic over time compared to other topics was calcu-
lated. Thus, the intensity of the study regarding each topic
compared to the other topic was determined. In Table 3, the
percentage rate and acceleration of each topic compared to
other topics in periods are given.

Table 3 should be read on a column-by-column basis, and it
should be understood that each value in the column represents
a percentage of the publishing volume of the related topic in
that period. As seen in Table 3, the top three topics whose
intensity of study increased most over time compared to other
topics are “T3: Medical education’, “T6: Child and adoles-
cent health”, and *“T8: Rehabilitation training”’, respectively.
Similarly, “T4: Cyber security and military education™, “T1:
Training of STEM-related fields” and “T2: Programming
learning”™ are three topics whose frequency of study has
decreased over time compared to other topics. In light of the
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TABLE 3. Volume percentage and acceleration rate of each topic
compared to other topics in periods.

= e g
& & & o
f

T3 3.09% 6.56%  9.27% 0.031
T6 1.03%  2.00%  4.63% 0.018
T8 1.03% 2.28%  3.99% 0.015
T7 3.09%  2.28%  4.15% 0.005
T5 4.12% 4.28%  4.42% 0.001
T10 1.03% 0.86%  1.22% 0.001
T9 2.06% 1.71%  1.81% -0.001
T11 2.06% 057%  1.01% -0.005
T4 8.25% 6.42%  6.07% -0.011
T1 4742% 51.07% 42.39%  -0.025
T2 26.80% 21.97% 21.03% -0.029

findings given in Table 2 and Table 3, both the changes within
the topics over time (a) and the changes compared to other
topics (b) are given together in Figure 7.

As can be seen in Figure 7.a, all topics increase their value
within themselves. Additionally, the first three topics, whose
frequency of study increased the most over time, emerged as
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FIGURE 7. Acceleration of topics within themselves (a) and compared to other topics (b) over time.

T6, T8, and T7, respectively. In Figure 7.b, 6 of the topics
(T3, T6, T8, T7, TS, and T10 topics, respectively) started to
be studied more than the others over time, while 5 of them
(T9, T11, T4, T1, and T2, respectively) started to be studied
less than other topics over time.

IV. DISCUSSION AND CONCLUSION

In this section, the results obtained from the study are given,
and the possible reasons for these results are discussed
within the framework of the current literature. It can be said
that the number of publications about the integration of SG
into the education environment has increased regularly, which
has been studied since the 2005s. In addition, the increase,
especially in 2009 and 2019, is remarkable. Reference [26]
mentions a significant increase since 2010, while there were
a limited number of studies before the 2010s. In recent years,
it can be thought that the positive effects of SGs on learning
have encouraged studies in this area.

When the subject areas and journals of SG studies in the
field of education are analyzed, it supports that this field is an
interdisciplinary field and studies are carried out in a different
range. Different subject areas, such as ““Social science”,
“Engineering”’, ‘“Medicine”, “Psychology”, and ‘“Health
Professions™, especially “Computer science’, emphasize the
diversity of studies related to SG. This is a stable and well-
known situation in the literature and supports studies that
emphasize the interdisciplinary nature of the field [6], [18],
[36]. On the other hand, the journals with the highest number
of publications in this field also confirm these results. Indeed,
there are journals from different fields, such as both pure
game journals (such as Jmir Serious, Simulation and Gam-
ing), educational technologies (Computers and Education,
International Journal of Game Based Learning), and health
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care and medical (Games for Health Journal). In the studies
in the literature, it is known that almost the same journals are
at the top of the list of journals with the most publications in
this field [37].

The topic modeling analysis made with the articles pub-
lished in the field of education related to SG revealed 11 topic
models. When these topics are examined, the three most
studied are “Training of STEM-related fields” (n = 1200; f =
44.80%), ““‘Programming learning” (n = 575; f = 21.50%),
and “Medical education” (n = 223; f = 8.30%). It is not
surprising that this topic, called STEM-related, is the most
voluminous, since the most voluminous topic is the collection
of articles on science, engineering, and mathematics learn-
ing. Indeed, it is emphasized in the literature that scientific
concepts in science and mathematics education are mostly
abstract and complex, which makes learning difficult and
causes loss of interest in learning, and at this point, SGs bring
important opportunities [6], [25], [63]. On the other hand,
when considering engineering education specifically, the fact
that SG offers the opportunity to experience a simulated
environment representing concrete and realistic engineering
problems at appropriate levels of detail [32], [64] may have
induced studies in this field. The second most studied topic
has emerged as “‘Programming learning.” Many studies can
be mentioned in the literature emphasizing the importance
of SG in the field of programming learning. Encouraging
active learning in general and providing support for learn-
ing cognitively challenging topics such as programming [7],
[22], [65] may have resulted in SG’s solidifying its place in
programming learning.

The third most studied topic was ‘“Medical education”,
and we think that this topic should be examined specifi-
cally. Namely, apart from this topic, the topics of ‘“Dental
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education”, “Child and adolescent health”, ‘““Training of
cognitive function in adults and the elderly”’, ‘“‘Rehabilitation
training” and “Cognitive health training” are directly or
indirectly related to healthcare and medicine. In this context,
it is possible to say that the field of healthcare and medicine
and other fields related to healthcare and medicine are impor-
tant application areas for SG. Creating an interactive and
active learning environment [36], [66], showing effectiveness
in improving various health outcomes [67], [68], and being
able to be offered to people with mental illness due to their
entertaining approach and ability to motivate users [69] as
a possible educational strategy that can contribute to the
transformation of health professions education [40] may have
led to an increase in studies in these areas.

Apart from these topics, topics such as “Cyber secu-
rity and military education”, ‘“Training of environmental
and cultural elements”, and “Safety training in hazardous
environments” attract attention as areas where SG finds
educational applications. The fact that SGs provide an enter-
taining environment where learners learn and apply cyber
security concepts through games and help them complete
computer-based security education [70], [71] may have pio-
neered studies in the fields of cyber security and military
education. On the other hand, the fact that the virtual environ-
ment and SGs are seen as having the potential to complement
the existing tools and practices based on concrete foundations
such as museums, exhibitions, books, and visual content
and enable the extensive masses to experience cultural her-
itage [72], [73], [74] may lay under the basis of the topic of
“Training of environmental and cultural elements”, which
includes elements regarding cultural heritage and environ-
mental elements. Finally, the topic of ‘““Safety training in
hazardous environments™ is another application area of this
field. When evaluated in the context of safety education,
we come across a wide range of evacuation and safety con-
cepts, from fire to earthquake, healthcare to mining. In this
context, studies on this topic, which is called safety regarding
hazardous environments, stand out, and in these studies, SGs
are blended together with virtual reality [75], [76], [77]. The
realization and experience of especially dangerous environ-
ments through immersive virtual reality and games [78], [79]
has enabled SGs to be used for safety training and become
widespread. Considering the general acceleration of the top-
ics, it was seen that all of them were positive—the frequency
of study increased over time. When the volume-acceleration
ranks of the topics were compared, a great deal of similarity
emerged. As a matter of fact, the most voluminous topics
have emerged as the most accelerated topics at the same time.
Only “Dental education” deteriorated the ranking, acceler-
ated more slowly than the topics of “Child and adolescent
health”, and ““Training of cognitive function in adults and the
elderly”.

Periods were created in order to determine the trend of
the topics over time. Since the publications in this field were
made over an eighteen-year period, three periods of six years
have been established. The acceleration of the topics in these
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periods and their acceleration compared to other topics were
examined. First, when we look at the acceleration values
that determine the topics’ frequency of being studied over
time, the top five topics that accelerated the most were T6,
T8, T7, T3, and T10, respectively (““Child and adolescent
health”, “Training of cognitive function in adults and the
elderly”, ‘“Rehabilitation training”, ‘“Medical education”,
and “Cognitive health training”’). These topics, which are
generally related to health, health care, and medical sciences,
are the ones that increase the rate of being studied within
the periods the most. In addition, when the topics’ frequency
of being studied compared to other topics is examined, it is
seen that six topics (T3, T6, T8, T7, TS, and T10, respec-
tively) accelerated positively—the frequency of being studied
increased compared to other topics—and five topics (T9, T11,
T4, T1, and T2, respectively) also accelerated negatively—
the frequency of being studied decreased compared to other
topics. It is seen that the top five topics that increase the
frequency of being studied within themselves the most over
time and the top five topics that increase the frequency of
being studied compared to other topics are the same (T5
and T10 have the same rate, therefore TS5 and T10 can both
be considered the fifth). This situation can be considered
an indication that studies in different fields of healthcare
and medicine have come to the fore. However, in terms of
the frequency of being studied, a decrease over time com-
pared to other topics is observed for the most voluminous
topics, T1 and T2 (“Training of STEM-related fields” and
“’Programming learning”). Particularly, the rapid increase
in the intensity of studies in different fields of healthcare and
medicine [36], [80] has shown itself as a relatively slowdown
of the acceleration in these topics, although they maintain
their volume.

A. INSIGHTS INTO FUTURE SERIOUS GAMES TRENDS
Trend analyses are vital to understanding how serious gam-
ing (SG) research has evolved over time. These analyses
help identify shifts in the research community’s interests
and emerging research focuses. In our study, we obtained
some important insights by analyzing the ratio of each topic
determined by topic modeling in total publications and the
temporal changes of these ratios. These insights can be listed
as follows:

Shifting Focus from STEM and Programming to Health
and Medicine: The topics of ‘“Education of STEM-Related
Fields” and ““Programming Learning” have long been dom-
inant topics in SG research. However, our analysis shows
that these issues have relatively lost momentum in recent
years. On the other hand, topics related to health and
medicine such as “Medical Education”, ““Child and Adoles-
cent Health”, and “Rehabilitation Education” are attracting
rapidly increasing attention both within themselves and com-
pared to other topics.

The Rise of Serious Games in Healthcare: This shift
may reflect a growing interest in the applications of SGs
in healthcare. COs can be used in a variety of healthcare
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TABLE 4.

Volume
Topics Topic terms rate
Tl learning, student, education, gamification, design, science, engagement, learner, engineering, mathematic, teacher, problem, digital, teaching, motivation 44.80%

programming, learning, student, tool, computer, intellectual, fidelity, intelligent, accessibility, project, cybersecurity, disability, concept, system,

T2 environment, teaching, people 21.50%
T3 medical, nursing, student, simulation, education, care, knowledge, healthcare, neonatal, resuscitation, nurse, clinical, diabetes, pharmacy, score, management 8.30%
T4 security, training, gaming, cyber, military, player, risk, decision, bias, scenario, conflict, mitigation, experience, moral, attack 6.20%
T5 dental, evaluation, learning, educational, design, covid, development, hearing, skill, framework, social, model, application, virtual, reality 4.40%
T6 child, adolescent, health, intervention, parent, autism, nutrition, behavior, emotion, cancer, food, healthy, anxiety, asthma, mental 3.80%
T7 cognitive, dementia, impairment, memory, older, adult, elderly, alzheimer, function, people, cognition, decline, assessment, analysis, training 3.60%
T8 rehabilitation, patient, stroke, training, motor, movement, treatment, performance, system, attention, task, therapy, exercise, disorder 3.40%
T9 cultural, heritage, climate, sustainable, planning, collaborative, sustainability, escape, development, design, environmental, policy, water, urban, museum 1.80%
TI10 health, cognitive, training, construction, design, leadership, machine, skill, stress, safety, assessment, performance, detection, vision, behavior 1.10%
TI1 training, safety, virtual, patient, surgical, fire, evacuation, surgery, medical, reality, emergency, laparoscopic, resident, earthquake, immersive 0.90%

T1: Training of STEM-related fields

T2: Programming learning

T3: Medical education

T4: Cyber security and military education

T5: Dental education

T6: Child and adolescent health

T7: Training of cognitive function in adults and the elderly
T8: Rehabilitation training

T9: Training of environmental and cultural elements
T10: Cognitive health training

T11: Safety training in hazardous environments

areas, such as training healthcare professionals, treating and
rehabilitating patients, promoting healthy lifestyle changes,
and preventing disease.

Impact of Technological Advances: This increase in SG
research in health and medicine may be due in part to
advances in technologies such as virtual reality (VR) and
augmented reality (AR). VR and AR technologies have the
potential to increase the impact of SGs in healthcare by
providing more immersive and realistic learning experiences.

Future-Forwarding Insights: Trend analyses also play an
important role in guiding future SG research. By focusing on
topics in rapidly developing fields, researchers can contribute
to more current and needed areas. For example, investigating
more thoroughly the effectiveness and usage areas of SGs in
healthcare could provide significant contributions to the body
of knowledge in this field.

The evolution of VR research in education can be effec-
tively understood using trend analyses. Our findings suggest
that the research community’s interests are shifting from
STEM and programming to health and medicine. This trend
reflects the increasing potential for the use of SGs in health-
care and the impact of technological developments in this
field. It is anticipated that future VR research will make sig-
nificant contributions to the field by focusing on these rapidly
developing areas and leveraging insights from trend analyses.

V. IMPLICATIONS FOR FUTURE AND STAKEHOLDERS

Integration of SGs into educational environments has acceler-
ated in recent years. Many practices have been implemented
to enrich the learning experience at different levels and
branches, and their effects on learning have been investigated.
While the most voluminous topics are “Training of STEM-
related fields”, ‘“Programming learning”, and ‘“‘Medical
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education”, the topics that have been studied the most within
themselves and compared to other topics are in different fields
of medical and healthcare sciences. In particular, the topic of
“Medical education” stands out both in terms of the volume
rate and as the most studied topic both within itself and
in comparison to other topics. In addition, topics related to
healthcare and medicine, such as ““T6: Child and adolescent
health”, “T8: Rehabilitation training”, and “T7: Training
of cognitive function in adults and the elderly”, which are
among the topics that are more frequently studied compared
to other topics, are noteworthy. The trends that emerged in
this study are important in terms of providing a perspective
on future studies in this field. In this context, changes in these
topics can be observed in the future.

According to the findings of the study, stakeholders in
the serious gaming field, including researchers, educators,
developers, and policymakers, can observe that the signifi-
cant acceleration in health and medical education research
indicates a growing awareness of the potential of serious
games in these fields. This suggests that serious gaming
can offer solutions to a variety of challenges in healthcare.
Stakeholders should prioritize the funding, development, and
implementation of serious games designed to address various
health challenges, including patient education, medical edu-
cation, rehabilitation, and mental health support. They should
also encourage interdisciplinary research projects and knowl-
edge sharing, leveraging the collective expertise of different
disciplines and fostering innovation in serious game design
and implementation.

VI. LIMITATIONS AND FUTURE WORKS
With this study, research interests and trends in the integra-
tion of SG into educational environments from the past to
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TABLE 5.
Years
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Topics n Total  Acc
T1 1 2 4 6 17 16 33 40 71 64 76 74 97 110 118 136 155 180 1200 10.32
T2 0 1 3 2 11 9 14 16 20 33 34 37 45 38 67 93 80 72 575 513
T3 0 0 1 1 1 0 2 3 3 10 13 15 16 24 20 43 40 31 223 238
T4 0 0 3 0 2 3 1 2 6 9 15 12 9 15 15 27 28 20 167 1.54
TS 0 0 0 0 0 4 3 4 3 7 7 6 8 14 11 19 14 17 117 1.08
T6 0 0 0 0 1 0 0 1 1 2 4 6 6 9 10 11 21 30 102 1.27
T7 0 0 0 0 0 3 0 0 1 3 4 8 8 12 14 16 22 97 1.09
T8 0 0 0 0 1 0 0 1 1 3 7 4 5 13 14 7 15 21 92 1.04
T9 0 0 0 1 0 1 0 1 2 4 1 4 4 1 3 7 11 48 046
T10 0 0 0 0 1 0 0 3 1 1 0 1 3 0 2 2 3 13 30 033
T11 0 0 0 0 0 2 0 0 1 2 0 1 3 1 2 3 4 6 25 0.25
Total 1 3 11 10 34 38 53 71 110 138 161 168 204 244 266 358 383 423 2676
Acc: Acceleration
the present were determined. This is a comprehensive and [5] M. Zyda, “From visual simulation to virtual reality to games,” Computer,
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field. The study, which stands out with these features, also has
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