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This study presents a comprehensive bibliometric analysis of scientific research
in STEM (Science, Technology, Engineering, and Mathematics) education. One
thousand six hundred twenty-three studies on STEM education published
between 2013 and 2023 were analyzed using bibliometric methods to uncover
trends over the past decade. The analysis commenced by searching the Scopus
database Core Collection for “STEM Education” publications, and bibliometric
data associated with these studies was collected. The collected publications
were then analyzed using VOS-viewer, a bibliometric analysis tool, to examine
various bibliographic attributes. The analysis focused on key aspects such as the
number of publications per year, publication types, the language of publications,
year Citation Analysis, Country Collaborations, Citation Analysis (Journal, Author,
Institution and Document), Co-author Analysis (Author, Countries, Institution), Co-
citation Analysis (Author), and Co-occurrences Analysis. The analysis findings were
visualized using VOS-viewer, a bibliometric analysis tool to depict collaboration
patterns and relationships. The analysis recommends future research in STEM
education to enhance interdisciplinary collaboration, address the digital divide,
and integrate informal learning environments. It also underscores the importance
of international collaborations, teacher professional development, and robust
assessment frameworks for measuring STEM education effectiveness.

KEYWORDS

STEM, education, bibliometric analysis, collaboration patterns, interdisciplinary
collaboration

1 Introduction

STEM (science, technology, engineering, and mathematics) education refers to teaching
and learning in science, technology, engineering, and mathematics, which usually comprises
educational activities across all grade levels, from pre-school to post-doctoral, and in both
formal and informal classroom settings (Abdi et al., 2024; Aboudahr et al., 2024; Shrivastava
and Mahajan, 2023). STEM education is a learning approach that integrates academic concepts
with real-world applications in the fields of science, technology, engineering, and mathematics,
using various methods such as problem-solving, inquiry-based learning, and hands-on
activities. It involves students using their knowledge and skills to solve practical problems in
various contexts, making connections between schools, communities, workplaces, and global
institutions. This approach emphasizes learning through practice and is focused on finding
practical solutions (Legewie and DiPrete, 2014).

STEM education has become a critical focus of global educational strategies due to its role
in preparing students for a technology-driven economy. As the demand for skills in these areas
increases, STEM education is recognized as essential for fostering innovation, critical thinking,
and problem-solving abilities (Aslam et al., 2022; Mudaly and Chirikure, 2023).
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The 21st century has witnessed the concomitant advancement of
technology alongside the transformation of human existence. Hence,
it is imperative for students to be well equipped to tackle forthcoming
obstacles. Scientific inquiry, scientific practices, and engineering
practices are necessary to cultivate students’ ability to adapt and
address novel contexts and issues, so fostering good citizenship (Li
et al., 2022; Thu et al., 2021).

STEM education has been adopted and implemented in numerous
countries (Cai et al., 2023). The rapid transformation-taking place in
science and technology is influencing the development of individuals
who are increasingly capable of generating and applying knowledge
effectively in their everyday lives. Studies indicate a rise in STEM-
related skills, critical thinking, and entrepreneurial qualities among
students (Shahin et al., 2021). This shift aligns with the evolving
demands of both individuals and communities, as recognized by the
Ministry of Education of Turkey (Baterna et al., 2020; Ozkaya, 2019).

In recent years, there has been a growing recognition of the
significance of STEM education in numerous countries worldwide,
leading to increased attention from policy makers. Many countries
engage in extensive discussions on STEM, often citing a shortage of
highly qualified labor (Riera et al., 2016). STEM education can begin
while pupils are very young, from elementary school to high school
(Thu et al,, 2021). A study conducted by Legewie and DiPrete (2014)
has demonstrated that middle school science classes—and particularly
the science instructor—can significantly influence students’ decisions
to pursue scientific studies at higher levels of education. Therefore,
enhancing and expanding STEM instruction in middle schools is
essential for encouraging student interest in science, technology,
engineering, and mathematics from an early age.

Understanding the growth and development of STEM education
research is crucial for assessing its impact and identifying gaps in its
implementation across different educational levels. To systematically
explore the evolution and global trends of STEM education, this study
conducts a bibliometric analysis using statistical and mathematical
techniques to evaluate patterns within academic literature (Pritchard,
1969). The study aims to uncover the overall structure of scientific
knowledge and communication in STEM education by analyzing the
temporal and geographical distribution of publications, citation
rankings of authors, journals, and institutions, and structures in
co-author, co-citation, and co-occurrence analysis. Drawing on a global
perspective through the Scopus database, the findings offer a
comprehensive understanding of the international research landscape,
with the goal of guiding future professionals, shaping STEM education
practices, and providing insights into emerging trends and key
contributors in the field (Cai et al., 2023).

Through the utilization of this methodology, it becomes feasible to
evaluate the efficacy of authors, establishments, and nations. The
utilization of data mapping enables the quantitative visualization of the
structure and dynamics of the areas being investigated. Bibliometric
studies facilitate the identification of patterns within a specific sector by
quantifying the body of literature (Jamali et al., 2023). In bibliometric
investigations, the application of citation analysis allows for the
evaluation of the credibility of scientific publications. The distinguishing
features of bibliometric analysis set it apart from meta-analysis. The
objective of meta-analysis is to identify the existence of a certain effect,
evaluate the lack of consistency among scientific articles, investigate the
underlying factors contributing to this impact, and analyze the diversity
among research studies. Bibliometric analysis and content analysis share
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similarities in their aim to combine similar data inside a framework of
established concepts and topics, and then interpret them in a way that
is understandable to readers (Phuong et al., 2023).

Social network analysis is used in bibliometric studies to examine
scientific cooperation and co-citation relations (Osman and Abukar
Mulkhtar, 2023). Social network analysis is an important tool for
identifying information networks that are effective in the development
of research area. Thanks to the social network analysis, it is possible to
visualize the networks of collaboration between authors and institutions
and co-citation networks, so that important actors in the research area
can be identified (Ali and Tse, 2023).

The most important data sources of bibliometric researches are
international scientific citation indexes, particularly Science Citation
Index (SCI), Social Science Citation Index (SSCI) and Art & Humanities
Citation Index (A&HCI). These indexes can be accessed through Web
of Science Core Collection database. Web of Science (WoS) makes a
significant contribution to bibliometric studies as a database that
contains bibliometric data about the scientific publications scanned in
these (Ishmuradova et al., 2023).

The objective of this study is to perform a bibliometric analysis of
scientific research published in the field of STEM education. The aim is to
determine the overall structure of scientific knowledge and the
communication patterns within the field using an unbiased method based
on data. Therefore, the progress of research in the domain of STEM
education may be ascertained. Another objective of this study is to make
avaluable contribution toward the development of a comprehensive plan
that will guide future professionals in this subject. For the main purpose
of this study, this research is designed to answer the following questions:

1 What is the
pertinent publications?

2 What is the geographical
pertinent publications?

chronological ~ distribution ~ of  the

distribution  of  the

3 What are the citation rankings for relevant publications,
authors, journals, and institutions?

4 What type of structure arises in relation to co-author analysis?

5 What type of structure arises in relation to co-citation analysis?

6 What type of structure arises in relation to co-occurrences?

The review of bibliometric studies in the literature revealed that
there are many domestic and international studies evaluating the
articles published in the journals, graduate theses, and papers
presented at congresses and symposia (Bornmann and Mutz, 2015;
Furkan and Yardimcioglu, 2017; Khan et al., 2016; Talan, 2021). On
the other hand, there are no STEM education-related bibliometric
studies in the domestic literature, although they are extremely rare in
the foreign literature.

In their study, Yu et al. (2016) analyzed 385 papers in SSCI (Social
Science Citation Index) journals published between 1992 and 2013
that contained the keyword ‘STEM Education’ They identified a
significant increase in STEM education-related studies since 2008. This
growth highlights the rising academic interest in STEM education,
supporting the need for further investigation into research trends and
contributions. Additionally, the study found that most publications
originated from the United States (52%), followed by England (9%),
the Netherlands (4%), and Australia (4%). The analysis also revealed
that the subject areas most often examined in STEM education were
Educational Research (51%), Psychology (32%), Engineering (23%),
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and Medical Science Research (12%). This analysis provides context
for the current study’s bibliometric examination and helps to identify
gaps and trends in the global landscape of STEM education research.

2 Methodology

This study uses the bibliometric analysis method to investigate
papers on the usage of tracing the evolution of STEM education.
Bibliometrics is a technique used in many areas today to quantify and
analyze scientific publications using mathematical and statistical
methods (Pritchard, 1969). Bibliometric analysis is frequently used to
evaluate citation patterns and measure the performance and influence of
publications within a field. Citation parameters include the most cited
study, the most cited author, the most cited journal, the most studied
topic, the most collaborated country, bibliometric coupling, authors cited
together in a study, and keywords and concepts they frequently employ
while discussing a specific subject. The difficulties that come to the fore
about the performance of the publications are mainly to compare the
situations of individuals, institutions, and countries (Uguz et al., 2017).

2.1 Data collection

Figure 1 shows the study selection procedure for articles, which
involved using the Scopus database and advanced search capabilities.
The author team applied advanced search options and operators to

10.3389/feduc.2024.1457938

ensure the identification of relevant articles, ensuring a comprehensive
and rigorous process. This systematic approach enhances the
credibility and dependability of the study’s conclusions.

To provide further clarity on the search methodology,
we conducted the search using the following query in the article title
field of the Scopus database:

TITLE (“STEM AND Education”) AND PUBYEAR >2012 AND
PUBYEAR <2024 AND (LIMIT-TO (EXACTKEYWORD,
“STEM Education”) OR LIMIT-TO (EXACTKEYWORD, “STEM
(science, technology, engineering, mathematics)”)

This query ensured that documents published between 2013 and
2023, containing relevant keywords, were included in the search
results. After the initial identification of 1,626 records, we applied the
following inclusion/exclusion criteria: Duplicates removed: two
records, Documents with no author: one record excluded. After these
adjustments, 1,623 records were included in the final bibliometric
analysis. This approach ensured that only high-quality, relevant
articles were selected for further analysis.

2.2 Data analysis

In this study, both bibliometric and descriptive content analyses
were employed to evaluate the data. Content analysis was conducted
using the Scopus database’s system to explore themes and trends in

Topic
|

STEM EDUCATION

v

Scope & Coverage

Database: Scopus

Search Field: Article Title

A 4

Keywords & Search

TITLE("STEM AND Education” AND PUBYEAR >2012 AND
PUBYEAR <2024 AND ( LIMIT-TO { EXACTKEYWORD , "STEM
Education" ) OR LIMIT-TO { EXACTKEYWORD , "STEM ({science,

y

Date Extracted
+

24 February 2024

v

Record Identified

n=1626

v

Record Removed

n = 2 Document are duplicate and 1 Document no author

[ Include] [ Screening ] [ Topic, Scope & Eligability J

!

n=1623
Record Included for
Bibliometric Analysis
FIGURE 1
Study selection process overview.
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STEM education research. For the bibliometric analysis, VOSviewer
(Version 1.6.16, Centre for Science and Technology Studies of Leiden
University). Expanding the period beyond this would risk including
outdated trends, while a narrower range could limit the depth of insights.

To clarify the data collection process, the search was conducted
using the following query in the article title field of the Scopus database:

TITLE (“STEM AND Education”) AND PUBYEAR >2012 AND
PUBYEAR <2024 AND (LIMIT-TO (EXACTKEYWORD,
“STEM Education”) OR LIMIT-TO (EXACTKEYWORD, “STEM
(science, technology, engineering, mathematics)”)

This search yielded 1,626 records, from which two duplicate
records and one document without an author were removed, resulting
in a final dataset of 1,623 records for analysis. This process ensures the
credibility and rigor of the study’s conclusions.

3 Results

The following findings have been reached in accordance with the
purpose of the research, which aimed to analyze the structure and
patterns of scientific knowledge in STEM education through
bibliometric analysis. Specifically, this includes identifying publication
trends by year and country, highlighting the most influential authors,
journals, and institutions, and examining collaborative networks and
thematic connections in the literature. The findings are presented in
tables and figures to provide a comprehensive overview of the key
patterns and trends uncovered in the data.

3.1 Distribution of publications by year,
type, and language

3.1.1 Number of publications according to years
An analysis of 1,623 STEM education studies published between

2013 and 2023 revealed that the most research was published in 2022

(n=259). One potential reason for this peak could be the impact of the

10.3389/feduc.2024.1457938

practices and a shift toward remote and technology-enhanced learning.
These changes may have spurred interest in STEM education research,
as educators and policymakers sought innovative solutions for teaching
during the pandemic. Additionally, the lockdowns and disruptions to
traditional education could have provided more time for researchers to
conduct and publish their work, with many papers submitted in 2021
being published in 2022, considering the typical lead-time from
submission to publication. According to the findings in Table 1 and
Figure 1, despite the fact that there were 151 publications in STEM
education from 2013 to 2015, academic interest in this topic has
significantly increased since 2019. The publication rate over the last
5years, from 2019 to 2023, represents 71.59% of total publications.

3.1.2 Types of publication

Table 2 shows that the publications were published in five different
formats based on their genre (articles, book chapters, conference
papers, editorials, reviews). Because some of the research were
evaluated using scope Scopus across multiple publication types, the
ratios were determined using the total number of 1,623 publications.
From 2013 to 2023, 719 articles and 83 book chapters were published,
followed by 752 conference papers, 12 editorials, and 51 reviews.

Table 3 shows that the studies were published in seven different
languages, the majority of which were in English (n=1,592). The
rationale for this result is that scientific communication takes place in
English all over the world. Following English, there were 23
publications in Spanish, 3 in Russian, 2 in Portuguese, 1 in German,
1 in Turkish, and 1 in Lithuanian (Figure 2).

3.2 Analysis of country collaborations and
common citation networks in journals,
authors, institutions, and documents

3.2.1 Country collaborations

An examination of social networks was carried out in order to
ascertain the collaborative endeavors of the researchers in accordance
with their respective countries. The names of the countries were
ranked according to the degree of collectivism, and the results are

COVID-19 pandemic, which led to significant changes in educational  displayed in Figure 3.
TABLE 1 Distribution of publications by years.
Years Frequency (n) Percentage (%)
2013 41 2.53
2014 46 2.83
2015 64 3.94
2016 75 4.62
2017 93 5.73
2018 142 8.75
2019 200 12.32
2020 218 13.43
2021 238 14.66
2022 259 15.96
2023 247 15.22
Total 1,623 100.00
Frontiers in Education 04 frontiersin.org
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TABLE 2 Distribution of publications according to type.

Type of publication

Frequency (n)

10.3389/feduc.2024.1457938

Percentage (%)

Article 719 44.30
Book chapters 83 5.11
Conference paper 752 46.33
Editorial 12 0.74
Review 51 3.14
Total 1,623 100.00

TABLE 3 Distribution of publications according to languages.

Language Frequency (n) Percentage (%)
English 1,592 98.09
Spanish 23 1.42
Russian 3 0.18
Portuguese 2 0.12
German 1 0.06
Lithuanian 1 0.06
Turkish 1 0.06
Total 1,623 100
o roehfig gh:
[ Kellgy t.r.
mo./ t).
russian faderation
chipa
unit’tes john‘l -\
P maldysia
W byb@@r-w.
unied ngdom algn N eng.l l.d. ‘
auffalia —_ ]
sty thafnd
K d irelend " &
sigm
swelen
pe "IN & VOSvi osbgpne .
viewer m.
6% VOSviewer QS
FIGURE 2 FIGURE 3
Country collaborations. Author’'s common citation network.

According to the findings in Table 4, the United States appears to
be the most collaborative with other countries in terms of total link
strength, total documents, and total citations (TLS=72, TD=>544,
TC=8,150). At the same time, the United States is the country with the
highest centrality score, underscoring its pivotal position in fostering
global scientific partnerships. Consequently, it is evident that the
United States significantly influences the establishment and sustenance of
international scientific networks. Moreover, the data suggests that
Australia is shaping the trajectory of future research endeavors within the
STEM education domain. As a result, it can be concluded that the

Frontiers in Education 05

United States plays an important role in creating and maintaining
international scientific collaborations. Furthermore, it may be argued that
Australia is guiding future research in the STEM education field (Table 5).

3.2.2 Journal's common citation network

The journals with the most publications on the subject in Scopus
were analyzed first. Table 6 presents the pertinent data. When the
journal-based distribution of publications is studied, it is discovered
that the most published journals are “Journal of Physics: Conference
Series” (n=116) and “ASEE Annual Conference and Exposition,

frontiersin.org
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TABLE 4 Country collaborations.

10.3389/feduc.2024.1457938

Countries TLS TD TC
United States 72 544 8,150
Australia 35 85 1,275
Thailand 14 83 371
Indonesia 25 80 569
China 29 78 532
Turkey 10 75 910
Malaysia 13 70 437
Spain 14 69 805
United Kingdom 29 52 506
Hong Kong 16 50 377
Canada 18 47 577
Greece 9 47 699
Germany 22 41 446
Taiwan 19 38 452
Viet Nam 10 34 186
Russian Federation 8 29 196
Ireland 19 23 317
Sweden 12 22 280
Netherlands 11 21 377
Japan 9 19 182

TLS, Total Link Strength; TD, Total Documents; TC, Total Citations.

TABLE 5 Journals receiving common citations.

Journals Number of Number of Number of citations per
articles citations research
Journal of Physics: Conference series 116 511 4.4
ASEE Annual Conference and Exposition, Conference Proceedings 83 160 1.9
Sustainability (Switzerland) 34 362 10.6
Education Sciences 33 360 10.9
Proceedings - Frontiers in education Conference, fie 32 213 6.7
ACM international conference proceeding series 26 78 3.0
IEEE Global Engineering Education Conference, Educon 24 227 9.5
International Journal of STEM Education 23 942 41.0
Proceedings of the International Astronautical Congress, IAC 21 4 0.2
International Journal of Technology and Design Education 19 339 17.8
Journal of Physics: Conference series 116 511 44

Conference Proceedings” (n=83). When the number of citations per
article is checked, we discovered that the publications “International
Journal of STEM Education,” “Journal of Physics: Conference Series,”
and “Sustainability (Switzerland)” are the most cited.

3.2.3 Author’s common citation network

The study also looked at the authors of works on the issue using
Scopus citation data. Table 6 shows the number of papers and citations by
the most productive and prominent authors on the subject. The top 12
writers with at least five papers in relevant references are ranked by
citation count. When the table is studied, it is clear that the authors

Frontiers in Education

“English, Lyn D? and “Belland, Brian R” excel in terms of productivity
and influence.

3.2.4 Institution common citation

The study looked at the article and citation rankings of the
authors’ respective institutions. Table 7 contains the data connected to
this. “Queensland University of Technology, Brisbane” emerges as the
most productive institution in terms of citations. In contrast, “The
Chinese University of Hong Kong, Hong Kong” is the most productive
university in terms of publications and ranks second in terms of
citations. The top-ranked institutions are located in Australia.

frontiersin.org
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TABLE 6 Author's common citation analysis.

Author Institution

Country

10.3389/feduc.2024.1457938

Number of
citations

Number of
articles

Link strength

English, Lyn D. Queensland University of Australian 5 404 209.2
Technology

Belland, Brian R. Utah State University United States 5 369 6.3

Li, Yeping University of California- United States 8 318 199.5
Berkeley

Yuenyong, Chokchai Khon Kaen University Thailand 20 176 171.2

Jong, Morris Siu-Yung The Chinese University of China 7 95 186.5
Hong Kong

Sutaphan, Sukanya Khon Kaen University Thailand 8 70 167.2

Gonzélez-Gomez, Universidad de Extremadura | Spain 5 56 258.0

David

Jeong, Jin Su Universidad de Extremadura | Spain 5 56 258.0

Chiang, Feng-Kuang Shanghai Jiao Tong China 6 31 4.0
University

Yildirim, Bekir Mus Alparslan University Turkey 5 27 9.0

Garcia-Holgado, Alicia | University of Salamanca Spain 5 24 0.0

Huang, Biyun The Chinese University of China 6 21 182.8
Hong Kong

TABLE 7 Citation ranking of institutions.

Institution Country Number of Number of Cluster
articles Citations

Queensland University of Technology, Brisbane Australia 5 227 1
Department of Curriculum and Instruction, The Chinese University Of Hong China 5 31 1
Kong, Hong Kong

Arizona State University United States 5 12 2
Purdue University United States 7 12 5
Faculty of Education, Khon Kaen University Thailand 8 9 4
Thai Nguyen University of Education, Thai Nguyen Viet Nam 5 9 6
Curriculum and Instruction, School of Education, University of Phayao, Phayao Thailand 5 4 3

3.2.5 Documents’ common citation

Within the scope of the study, the data gathered by reviewing the
most cited articles on the issue are listed below (see Table 8). Table 8
provides information about the most frequently cited papers in
Scopus, including their subject, authors, and citation numbers.
According to these findings, the most frequently cited publication,
with 343 citations, was “Margot, Kelly C. (2019)” This is followed by
the articles “Ong, Maria. (2019)” and “Borrego, Maura. (2014)”

3.3 Co-author analysis (author, countries,
institution)

The data obtained by examining cooperation between the authors
of the publications in Scopus are given below (see Figure 4). When the
co-author analysis of the studies on the subject is examined, it is seen
that the authors who publish together generally have publications
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separately and in small groups. In addition, it is seen that there are
authors who publish individually. Examples of outstanding author
collaborations are “english, lyn d.,” “belland, brian r.,” “li, yeping.” and
“yuenyong, chokchai”

The analysis of co-authors for cross-country cooperation is
presented in Figure 5. This figure shows that the closer the two
countries are, the stronger and wider the connections of these
countries. When the countries of the co-authors are examined, it is
seen that United States worked with 20 countries and Australia with
16 countries. United Kingdom followed the list (16 links), China (10
links), Netherlands (10 links) and others.

In order to comment on the institutions that the co-authors
belong to, a heat map was utilized. Figure 6 depicts the co-author
analysis for the purpose of comparing the cooperation between
different institutions. When the institutions of the co-authors are
studied, it is observed that the network structure is quite complex, and
there is no major relationship structure. This is something that can
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TABLE 8 Most cited articles.

Article Authors Source Number
of
citations
1 Teachers’ perception of STEM integration and education: a Margot, Kelly C. 2019  International Journal of STEM 343
systematic literature review Education
2 Counterspaces for women of color in STEM higher education: Ong, Maria 2019 | Journal of Research in Science 302
Marginal and central spaces for persistence and success Teaching
3 Increasing the use of evidence-based teaching in STEM higher Borrego, Maura 2014 | Journal of Engineering Education 287

education: A comparison of eight change strategies

4 STEM Education Xie, Yu 2015 Annual Review of Sociology 245

5 What are we talking about when we talk about STEM education? A Martin-Paez, Tobias 2019 | Science Education 214

review of literature

6 Robotics to promote elementary education pre-service teachers’ Kim, Chanmin 2015 | Computers and Education 211

STEM engagement, learning, and teaching

7 Interrogating Structural Racism in STEM Higher Education McGee, Ebony Omotola 2020 = Educational Researcher 190

8 Advancing Elementary and Middle School STEM Education English, Lyn D. 2017 | International Journal of Science 180

and Mathematics Education

9 Synthesizing Results From Empirical Research on Computer-Based Belland, Brian R. 2017 | Review of Educational Research 173
Scaffolding in STEM Education: A Meta-Analysis

10 STEM education: A deficit framework for the twenty first century? A | Zeidler, Dana L. 2016  Cultural Studies of Science 172

sociocultural socioscientific response Education

{@5 VOSviewer

FIGURE 4
Co-author (author) network.

»

be seen in Figure 6, which can be seen here. When the map islooked  Australia,” “Department of Curriculum and Instruction, the Chinese
at in a general manner, it becomes apparent that the following  University of Hong Kong, Hong Kong,” “Arizona State University,
institutions “Queensland University of Technology, Brisbane,  United States,” “Purdue University, United States, “Faculty of
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Institutional cooperation network.

Education, Khon Kaen University, Thailand,” “Thai Nguyen University
of Education, Thai Nguyen, Viet Nam” and Higher Education
“Curriculum and Instruction, School of Education, University of
Phayao, Phayao, 56,000, Thailand” are the most frequently encountered.

3.4 Co-citation analysis (author)

The network structure of the co-citation analysis of the
publications on the subject is given in Figure 7. Each round figure
in Figure 7 indicates an author. Large circles indicate the
predominance of cited publications. If there is a line between two
author names, it indicates that these two authors work together.
When the common citation network is examined, three different
colored clusters are seen. Authors who receive many citations
together are gathered in the same cluster. Publications in the center
show that they are often cited from different fields and have more
detailed connections with many clusters. Examining Figure 7 in its
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entirety, the red, green, and blue clusters are large and more
prominent than the others.

3.5 Co-occurrences analysis

On display in Figure 8 is the network structure that represents the
relationships that exist between keywords. A subject that is addressed
more frequently is shown by a larger circle size, while the yellow spots
show the subjects that are now being discussed. It is possible to observe
that the terms “STEM education,” “Engineering Education,” “Students,”
“STEM, and “STEM (Science, Technology, Engineering, and
Mathematics)” are situated in the middle of the map, as shown in
Figure 8. These words are among the concepts that have been investigated
in conjunction with other clusters, and they have been determined to
be the keywords that are utilized the most frequently. It is important to
pay attention to the fact that the subjects that are now being discussed
include “STEM education,” “Engineering Education,” and “STEM.”
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4 Discussion and conclusion

The primary objective of this study was to conduct a bibliometric
analysis of STEM education research, examining how scientific
knowledge and communication structures have developed between
2013 and 2023. Using the Scopus Core Collection, 1,623 studies were
analyzed through descriptive and bibliometric methods, with
visualization provided by VOSviewer. These analyses allowed us to
assess publication trends, country collaborations, citation patterns,
and co-occurrence networks. The aim was to provide insights into the
structure and dynamics of STEM education research, which can
inform future research directions and policy decisions.

The results show that STEM education research has seen a notable
increase in publications, particularly after 2019. The significant growth
(71.59% of total publications between 2019 and 2023) aligns with
broader global initiatives aimed at integrating STEM into educational
frameworks. This suggests an increasing recognition of STEM
education’s critical role in preparing students for rapidly advancing
technological economies. The surge in 2022, in particular, may have
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been influenced by post-pandemic shifts in education, with remote
learning driving interest in digital and technology-enhanced
learning environments.

Furthermore, the geographical distribution of publications reveals
the dominance of English-language studies (98.09%), underscoring the
influence of English-speaking countries in shaping STEM education
research. The United States and Australia were the most prominent
countries in terms of both volume of publications and collaborations,
indicating their leading role in STEM education globally. This dominance
highlights the importance of considering regional differences in STEM
education policies and implementation, particularly as these countries
contribute significantly to international research networks.

Collaborative networks were most active between the United States
and 20 other countries, followed by Australia with 16 collaborative links.
These strong international partnerships suggest that leading nations are
playing a pivotal role in advancing the global STEM education agenda.
The citation rankings of journals, institutions, and authors further
demonstrate how certain regions, particularly the United States and
Australia, have become central hubs of research output and influence.
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However, it is worth noting the emergence of countries like
Thailand and China, which are gaining prominence in STEM research.
For instance, Khon Kaen University in Thailand has produced a
substantial volume of STEM education research, indicating a growing
interest in the field in Southeast Asia. This geographical shift may
reflect broader efforts to address regional challenges in education,
economic development, and workforce demands.

The co-author analysis uncovered the collaborative nature of
STEM education research, with prominent authors such as Lyn
D. English and Brian R. Belland frequently working together on
influential studies. Interestingly, these authors also publish
independently or in smaller groups, contributing to diverse areas of
STEM education. This suggests that influential researchers in the field
are not only central to collaboration networks but also capable of
driving innovation in various subfields of STEM education.

Co-citation analysis showed that specific clusters of authors (e.g.,
those focusing on technology-enhanced learning) are consistently
cited together, reinforcing the thematic focus on digital tools and
remote learning. These clusters are indicative of research communities
that are driving the current understanding and future directions of
STEM education, with a strong emphasis on emerging technologies
and interdisciplinary approaches.

The co-occurrence analysis revealed frequently used keywords
such as “STEM education,” “Engineering Education,” and
“Students,” which align with the focus of recent studies on hands-on
learning and digital integration. Additionally, emerging themes

» «

such as “augmented reality,” “simulation,” and “virtual learning
environments” reflect the growing interest in applying cutting-edge
technologies in STEM classrooms. These keywords suggest that
future research will likely continue to explore the intersection of
technology and education, particularly in terms of how digital tools

can enhance student engagement and learning outcomes.

4.1 Limitations and future directions

While this study offers valuable insights into the development of
STEM education research, it is not without limitations. The reliance
on the Scopus database may have excluded relevant studies indexed
in other databases, and the focus on English-language publications
limits the understanding of research produced in non-English-
speaking regions. Future research should consider incorporating data
from a broader range of sources and languages to capture a more
comprehensive view of global STEM education research.

Moreover, while bibliometric analysis provides a robust method
for evaluating research output and influence, it does not capture the
full qualitative impact of these studies. For instance, citation counts
reflect influence but may not fully represent the practical application
of research findings in classroom settings or policy development.
Future studies could benefit from combining bibliometric data with
case studies or surveys that assess the real-world impact of STEM
education research on educational practices and student outcomes.

5 Conclusion

The bibliometric analysis conducted in this study provides a
comprehensive overview of the scientific research landscape in the
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STEM education topic area. The findings demonstrate the growing
academic interest, the prominent publication channels, the influential
authors and institutions, and the collaborative patterns within the
STEM education research community.

The insights gained from this study can inform various stakeholders,
including researchers, educators, policymakers, and funding agencies,
about the current state of STEM education research. This information
is valuable in identifying research trends, such as the growing emphasis
on technology-enhanced learning and interdisciplinary approaches
within STEM education. It also highlights emerging topics like the
integration of artificial intelligence in STEM teaching, gender disparities
in STEM fields, and the development of problem-solving skills through
hands-on learning. These insights provide a basis for potential future
investigations and contribute to the advancement of STEM education
practices and the promotion of interdisciplinary learning.

Furthermore, the bibliometric approach employed in this study
showcases the utility of data-driven analysis in understanding the
structure and dynamics of a scientific field. This methodology can
be replicated and applied to other research domains, fostering a better
understanding of the evolution and impact of scholarly activities
across various disciplines.
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