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Abstract: For the last few decades, mathematical modelling has been an important topic in
school education. Practical approaches to applying mathematical concepts to real-world scenarios
are beneficial to students. The process of seeking solutions to real-world problems could foster
students’ inquiry skills and have more impactful advantages. However, the implementation of
mathematical modelling in schools presents numerous challenges in terms of finding its practical
application. Integrating modelling activities with STEM education benefits students by providing
practical applications. This research sought to investigate the growth and development of
research activities in the area of the integration of STEM education into mathematical modelling
by using a bibliometric approach. We followed the PRISMA guidelines and conducted a thorough
search in the Scopus database to find important articles published between 2005 and 2025,
looking at the article titles, abstracts, and keywords. We conducted an analysis of 139 relevant
articles to investigate the implementation of mathematical modelling in the context of integrated
STEM education. We analyzed the data using VOSviewer, which performs co-occurrence analyses
of authors and keywords. We used Harzing's Publish or Perish software for citation metrics and
analysis and Microsoft Excel for frequency analysis. The results indicate that the United States
happened to be the most productive country in this field, with 53.24% of the publications. The
most productive authors and institutions also show that more than half of the top ten publications
in this area were from the United States. The findings of this study will enhance the understanding
of integrating STEM education and mathematical modelling in school. It also demonstrates that
the scope of this research is relevant, potentially improving the quality of teaching and learning
and supporting future studies in the mathematics education field.
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1 Introduction

In the current educational environment, mathematics education in school strives to equip
students for the challenges of the twenty-first century by fostering skills in critical think-
ing, problem-solving, and inventive ability (AlAli, 2024; Beswick & Fraser, 2019; Uyen et
al., 2021). The challenges in teaching mathematics arise from the lack of interest in this
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subject among school students in many countries (AlAli, 2024; Meles & Ali, 2024;
Rehman et al., 2023). Schools have integrated mathematics education into other disci-
plines like science, technology, and engineering to address this issue (English, 2023).
STEM, an acronym for science, technology, engineering and mathematics, is a frequent
topic in discussions on education policy and economic competitiveness. It has also become
associated with classroom teaching that aims to foster abilities such as creativity and prob-
lem-solving (Hallstrom et al., 2023; Hallstrom & Schonborn, 2019). According to Goos et
al. (2023) and Tuong et al. (2023), mathematics offers an important connection to other
STEM disciplines, thereby addressing significant educational concerns, including an ab-
sence of STEM-inclined students and a deficiency of STEM graduates. Therefore, inte-
grated STEM education is an effort to combine science, technology, engineering, and
mathematics into one class that is based on connections between the subjects’ real-world
problems (Jamali et al., 2023).

Since the early twenty-first century, researchers have made various contributions to
mathematics and STEM education (AlAli, 2024; Pathoumma & Trinh, 2024; Rehman et
al., 2023). Although STEM education has gained popularity among educators and stake-
holders, recent trends in the studies do not show any increase. A survey of 139 studies as
of March 27, 2025, shows that the scope of mathematics and STEM education has had a
sustained trend for the last six years, as illustrated in Table 1(a).

Table 1. The difference in trends between two fields of study

(a)Mathematics and STEM education (b)Mathematics, STEM education and mathematical
modelling
Documents by year Scopus Documents by year

Documents
Documents

Year Year
Copynight © 2025 Elsevier B V. All rights reserved Scopus® is a registered irademank of Elsavier B.Y, Copyright & 2026 Elsevier B.V. All rights reservad. Scopus@ is a re

However, Kertil and Gurel (2016) and Hallstrom et al. (2023) suggest that a practical
approach to teaching STEM education is to integrate it with modelling activities. Conse-
quently, numerous studies have emphasized modelling as a component of the mathemat-
ics teaching method (Ngu et al.,, 2025). This approach is a valuable instrument for
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integrating STEM education with mathematics as well (Lu & Kaiser, 2022). These state-
ments align with the early stages of this study's survey, which included 279 studies re-
ported since 2005. Based on Table 1(b), the graph suggests that the trend in mathematics
and STEM education that incorporates mathematical modelling has the potential to ex-
pand the scope of mathematics education research.

Conversely, mathematical modelling activities are challenging to carry out and teach
(Zbiek et al., 2022). According to Bas-Ader et al. (2023) and De Bock and Zwaneveld
(2020), teachers' prior knowledge and experiences with mathematical modelling in high
school, college, teacher preparation and professional development programmes were im-
portant in the early phases of mathematical modelling's implementation in classrooms.
To accomplish the curriculum objectives, it is essential for teachers to be equipped with
the fundamentals of mathematical knowledge to ensure they are able to guide students
with current and future practices (Ebbelind & Helliwell, 2024). Indirectly, teachers will
afford students in mathematical modelling activities more effectively (Copur-Gencturk et
al., 2023; Copur-Gencturk & Li, 2023; Gohner et al., 2022).

By modelling activities, the related mathematics and STEM concepts can be taught
concurrently within a well-chosen learning situation. To do this, the teacher should have
the necessary knowledge in supporting the emergent ideas of STEM disciplines (Lu & Kai-
ser, 2022; Spooner, 2022). Therefore, there is a need to investigate the significance of in-
tegrating STEM education in mathematical modelling. However, limited research has
been done until now to visualize quantified research trends in the adoption of this tech-
nique to understand the strategies that have developed. Hence, it is imperative to conduct
a more thorough investigation of these trends to guide future researchers in determining
the most effective method of teaching and learning STEM education through mathemati-
cal modelling activities.

To accomplish the goal of the present study, the study seeks to explore the relevance
and trends of integrating STEM education with mathematical modelling from 2005 to
2025 (March 27). Filling this knowledge gap might offer a comprehensive understanding
of the field of study and provide insights for researchers and practitioners. This study
seeks to close the gap and answer the research questions (RQs) by collecting data from the
Scopus database and using bibliometric analysis based on the following RQs:

RQ1: What is the current trend and the impact of publishing on the implementation
of STEM education through mathematical modelling activities in schools?

RQ2: Which countries, authors and institutions are most productive and influential
in implementing STEM education through mathematical modelling activities in schools?

RQ3: How do authors and countries collaborate in publications on the
implementation of STEM education through mathematical modelling activities in
schools?

RQ4: What are the dominant themes among scholars regarding the implementation
of STEM education through mathematical modelling activities in schools?

LUMAT Vol 12 No 4 (2025), 17. https://doi.org/10.31129/LUMAT.12.4.2444


https://doi.org/10.31129/LUMAT.12.4.2444

Tasarib et al. (2025) 4/28

2 Literature review

Mathematics education now recognizes modelling as a key component and one of the most
important skills in mathematics (Lu & Kaiser, 2022). Many mathematics education cur-
ricula acknowledge mathematical modelling and related competencies with the goal of
promoting responsible citizenship. Doing modelling activities fosters critical thinking,
problem-solving and analytical skills, which are essential for students to succeed in sci-
ence, technology, engineering and mathematics fields (Ledezma et al., 2023; Meles & Alj,
2024; Peng, 2023). Furthermore, students have the chance to participate actively in the
learning process and could cultivate their communication skills through group tasks.
Working in a group and addressing a real-world problem requires flexibility in communi-
cation and develops responsibility (Spooner, 2022). Within this paradigm, mathematical
modelling represents an effective tool that not only enhances students' understanding of
mathematical concepts but also equips them with the ability to apply the concepts to real-
world problems (Ikeda & Stephens, 2020). Therefore, the process in modelling that uses
mathematics to represent, analyse and make predictions about real-world scenarios is also
an essential element in STEM education.

The potential of mathematical modelling to enhance students' understanding of com-
plex situations and problem-solving abilities has been the subject of numerous studies
(Blum & Niss, 1991; Greefrath & Vorholter, 2016; Spooner, 2022). The studies have con-
ducted extensive research on a variety of topics related to mathematics education, includ-
ing student engagement, pedagogical strategies and curriculum development. According
to English (2017), STEM education research emphasizes the importance of interdiscipli-
nary approaches for the integration of STEM with modelling activities, with the potential
to improve students’ mathematical skills.

Meanwhile, Lantau et al. (2020) stated that the teacher preparation programmes
should be designed to enable educators to oversee challenging multidisciplinary STEM
modelling initiatives that remained unclear. STEM-based problem-solving incorporates
critical mathematical modelling and other competencies (Hallstrom et al., 2023; Lantau
et al., 2020). The development of STEM education strategies would benefit students
through deeper understanding of classroom learning, where STEM activities foster an ap-
preciation of mathematics' complexity, consistent with mathematical modelling activities
(Goos et al., 2023; Hallstrom et al., 2023; Hallstrom & Schonborn, 2019; Kertil & Gurel,
2016). However, there is still a need for further research to understand better the benefits
of the implementation of STEM education and mathematical modelling and to develop
more effective strategies for integrating these approaches in the classroom (Goos et al.,
2023; Roehrig et al., 2021; Tuong et al., 2023).

This study employed bibliometric analysis techniques as its research methodology to
systematically explore the research landscape of mathematics education in schools, STEM
education and mathematical modelling. A Belgian librarian, Paul Otlet, developed the con-
cept of bibliometric analysis, which measures all aspects related to the publication and
reading of books and documents (Rousseau, 2014). Bibliometric analysis provides a
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quantitative method to assess the scholarly impact, research trends and collaboration pat-
terns within a particular field. The examination of publication data, citation metrics and
authorship networks through bibliometrics reveals insights into the development of re-
search, key influential works and emerging themes (Nyirahabimana et al., 2022).

Thus, the approach to quantify and analyze the publications indexed for the investi-
gated repository was used. An overview of bibliometric analysis and the procedures re-
quired to perform it to help scholars learn about the technique and use that knowledge to
analyze specific topics in the body of current literature with vast bibliometric data (Oztiirk
et al., 2024). Researchers use bibliometric analysis for several purposes, including identi-
fying developing trends in article and journal performance, cooperation patterns, and re-
search elements, as well as examining the intellectual structure of a specific discipline
within the existing literature (Donthu et al., 2021).

This study utilized multiple tools such as VOSviewer, Harzing's Publish and Perish
software and Microsoft Excel to obtain detailed results that address all the research ques-
tions (Cevikbas et al., 2022). VOSviewer pays particular attention to the graphical depic-
tion of bibliometric maps a feature that is very helpful for providing large bibliometric
maps in an easily comprehensible way (Jan van Eck & Waltman, 2010). Overall, the liter-
ature suggests that modelling activities can play a significant role in enhancing STEM ed-
ucation by fostering interdisciplinary thinking, promoting authentic learning experiences,
and bridging the gap between theoretical conceptualization and practical applications.

3 Methodology

The focus of this study is the implementation of STEM education in mathematics
education through mathematical modelling activities in primary and secondary schools.
In this study, the new design of Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) 2020 proposed by Boers (2018), Mayo-Wilson et al. (2018) and
Stovold et al. (2014) was used to organize and improve the review's transparency, accuracy
and quality (Page et al., 2021). The selection process comprises three main stages: i)
identification; ii) screening; and iii) inclusion, as illustrated in Figure 1.

Therefore, in order to investigate the relationship, the study incorporated all articles
from the Scopus database, using VOSviewer (version 1.6.20) to generate bibliometric
connections, and calculating citation metrics with Harzing's Publish and Perish software.
This study utilized only the Scopus database because bibliometrics analyses are mainly
performed by retrieving publications from the Web of Science (WoS) or Scopus database
(Echchakoui, 2020). Cobo et al. (2011) state that Scopus is one of the most important
bibliometric databases. Besides, the Scopus database has the highest coverage of total
publications, at 72 per cent compared to WoS at 69 per cent (Aksnes & Sivertsen, 2019).
Taking these arguments into consideration, Scopus was chosen as the preferred database
for this study (Nuar & Seah, 2024). Additionally, the study utilized Microsoft Excel 2019
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to compute each publication’s citation frequency and percentage as well as to create
appropriate graphical representations.

Figure 1. Flow diagram of the PRISMA 2020 proposed by Boers (2018), Mayo-Wilson et al.
(2018) and Stovold et al. (2014).
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3.1 Identification

In this bibliometric analysis, we aim to examine the implementation of STEM education
through mathematical modelling activities in primary and secondary schools, considering
different educational systems and curricula that incorporate mathematical modelling
activities in mathematics classroom teaching and learning practices. We compile studies
from various regions worldwide to ensure a diverse perspective on the implementation of
mathematical modelling in STEM education.

For the identification phase, to begin the process of selecting suitable papers, we
created a search string as shown in Table 2 after identifying all relevant terms. The analysis
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includes literature published in the years 2005 to 2025. The research articles, conference
papers, reviews, book chapters, conference reviews, books, editorials, notes and letters
encompassed a broad spectrum of academic discourse and practical applications. At this
stage, we obtained 279 papers.

Table 2. The search string for the identification phase

Searching phase Search string

TITLE-ABS-KEY (mathematics AND school AND ("STEM education" OR "Science,
technology, engineering and mathematics" OR "Science, technology, engineering,
mathematics") AND ("mathematical modelling” OR "mathematical modelling" OR
modelling))

Identification

3.2 Screening

The study employed a screening sequence to determine the search terms for article
retrieval. Afterwards, we revised the search string for the initial step in the screening phase
as shown in Table 3. During the second phase, we included all types of publication; we
obtained 351 articles as of 27 March 2025. For the second step, we excluded some studies
extracted based on the abstract in the table of metadata exported from the Scopus
database.

We subsequently omitted 211 studies due to the study being without an abstract or
outside the research scope. These included one study without an abstract, 75 studies on
the use of term ‘model’ for the project model or solid model, 121 studies on the use of term
‘model analysis’—for example, hierarchical linear modelling, structural equation
modelling or multilinear modelling—and 14 studies on the use of term ‘role model’.

Table 3. The search string for the initial step in screening phase

Searching phase Search string

TITLE-ABS-KEY ( mathematics AND ( school OR classroom OR "school student*"
OR "school teacher*" OR "primary school" OR "secondary student*" OR "high school"
OR "junior high school" OR k-8 OR k-9 OR k-10 OR k-11 OR k-12 ) AND ( "STEM
education" OR "Science, technology, engineering and mathematics" OR "Science,
technology, engineering, mathematics" ) AND ( "mathematical modelling" OR
"mathematical modelling" OR modelling OR modelling ) )

Initial step

After all records had been identified and screened, we obtained 140 studies which were
eligible for the next stage.
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3.3 Inclusion

In the third stage, known as inclusion, the primary criteria for inclusion were language,
time line, and literature type, as shown in Table 4. The review focused on all papers
published from 2005 to 2025 without excluding any specific years to understand the
current landscape, identify trends that provide a comprehensive view of recent
developments and historical trends, and highlight the impact of mathematical modelling
within STEM education. By selecting specific years, results can be very flawed and miss
studies that would have been relevant; it is also possible to come to the wrong conclusion
or, perhaps more serious, provide false evidence of a specific effect (Snyder, 2019).

Table 4. Inclusion and exclusion criteria

Criterion Inclusion Exclusion
Language English Non-English
Time line 2005—2025 Not applicable

Research articles, conference paper, review, book chapter,

conference review, book, editorial, note and letter Erratum paper

Literature type

For the language selection, we scrutinized 140 results from the second phase and
excluded just one article that was not in English. The selection process of papers written
only in English instead of taking into accounts any artificial intelligent (AI) is one of the
limitations of this study. We excluded non-English papers to prevent misinterpretation
during translation, which could lead to inaccurate information. Finally, a total of 139
articles were identified for the bibliometric analysis.

4 Results and discussion

The purpose of the bibliometric analysis was to address the concerns brought up in the
study. The study's goal was to determine the direction of current publication trends and
the significance of research on the implementation of STEM education through mathe-
matical modelling in schools. This section answers the research questions and discusses
the results.

Based on the data collected from the last step, we carried out the analysis using the
bibliometric analysis toolbox suggested by Donthu et al. (2021), as shown in Figure 2.
According to Donthu et al. (2021), the techniques for bibliometric analysis manifest across
two categories: i) performance analysis and ii) science mapping. In essence, performance
analysis accounts for the contributions of research constituents, whereas science mapping
focuses on the relationships between research constituents. The next subsections shed
light on the techniques available for performance analysis and science mapping.
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Figure 2. The bibliometric analysis toolbox for this research

Bibliometric analysis
(139 retrieval papers indexed from Scopus database)
I
I I
Main techniques Enrichment technique
|
| |
Performance analysis Science mapping Network analysis
Publication-related metrics Co-authorship analysis Visualization
e Total publications (TP) e Social interactions or relation- e VOSviewer

ship among authors

e Authors and author affiliations
(institutional, countries)

Citation-related metrics Co-citation analysis

e Total citations (TC) e Relationships among cited

e Average citations (AC) publications

e Foundational themes

Citation-and-publications-related Co-word analysis

metrics e Existence of future relationships

e Number of cited publicatios (NCP) among topics

e Citations per cited publication (CCP) e Written content (word)

4.1 The trend of publication on the implementation of STEM education in
schools through mathematical modelling activities over the years

In this section, we represent the current trend in this topic by means of two aspects based
on the growth in publications and the type of documents and sources.

4.1.1 Annual growth of publications

Table 5 shows that the number of publications has grown significantly over time. The first
ten years (2005—2015) show relatively low total publications (TP), most years having
fewer than ten publications. A notable increase begins in 2016. The peak year is 2021 with
14 publications, and mostly more than ten since. This indicates a growing interest and
research focus on STEM education through mathematical modelling all over the world.
The total number of citations indicates the impact and reach of the research. We
observed the top three highest total citations (TC) values in 2016 (1,255 citations), 2020
(204 citations) and 2021 (244 citations), indicating significant contributions during these
years. The average citations per publication (AC) metric reveals the average frequency of
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citation for each publication. The years 2016 (125.50), 2017 (17.80) and 2020 (15.69)
exhibit remarkably high AC values. This value indicates that while these years had fewer
publications, those published had significant influence. The average citations per cited
publication (CCP) refines this parameter by considering only cited publications. Here,
2016 (139.44), 2009 (27.00) and 2017 (25.43) stand out, reinforcing the high impact of
research in these years.

Table 5. Growth of publication by year

Year TP Percentage (%) NCP TC AC CCP
2025 1 0.72 0 0 0.00 0
2024 13 9.35 5 12 0.92 2.40
2023 9 6.47 8 60 6.67 7.50
2022 14 10.07 8 136 9.71 17.00
2021 19 13.67 11 244 12.84 22.18
2020 13 9.35 11 204 15.69 18.55
2019 13 9.35 11 154 11.85 14.00
2018 8 5.76 7 73 9.13 10.43
2017 10 7.19 7 178 17.80 25.453
2016 10 7.19 9 1255 125.50 139.44
2015 6 4.32 5 103 17.17 20.60
2014 1 0.72 1 2 2.00 2.00
2013 6 4.32 5 38 6.33 7.60
2012 6 4.32 5 80 13.33 16.00
2011 3 2.16 0 o] 0.00 0.00
2010 3 2.16 1 41 13.67 41.00
2009 2 1.44 1 27 13.50 27.00
2008 0 0.00 0 0 0.00 0.00
2007 o] 0.00 o] o] 0.00 0.00
2006 1 0.72 1 5 5.00 5.00
2005 1 0.72 1 4 4.00 4.00

Notes: TP = total number of publications; NCP = number of cited publications; TC = total citations; AC =
average citations per publication; CCP = average citations per cited publication.

The total number of publications and citations is also presented graphically in Figure
3. The increase in publications over the past few years highlights the growing recognition
of the subject’s importance in the mathematics educational field. The citation metrics
show that certain years had particularly influential publications, contributing significantly
to the field's development.
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Figure 3. Total publications and citations by year
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Overall, the analysis reveals a dynamic and growing field, with increasing interest in
STEM education through mathematical modelling. The data underscore the evolving
nature of research in this area, with sustained interest and impactful contributions
continuing to shape its trajectory.

4.1.2 Document and source type

Table 6 shows that the implementation of STEM education through mathematical model-
ling activities in schools has garnered significant scholarly interest, as evidenced by the
diverse range of published document types on the topic.

Table 6. Types of document

Type of Document Total Publications Percentage
Article 65 46.76%
Conference paper 54 38.85%
Review 3 2.16%

Book chapter 13 9.35%
Conference review 2 1.44%

Book 1 0.72%
Editorial 1 0.72%
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It can be seen that articles are the most prevalent form of publication, accounting for
46.76 per cent of the total publications. This high percentage highlights the importance
and widespread acceptance of peer-reviewed articles in disseminating research findings
and theoretical advancements in this field. Conference papers follow with 38.85 per cent,
underscoring the role of academic conferences as vital forums for sharing innovative prac-
tices, emerging trends and collaborative research efforts. Book chapters make up 9.35 per
cent, reviews account for 2.16 per cent, and conference reviews add 1.44 per cent to the
total publications, showing that the academic community is still actively analysing, sum-
marizing existing research and discussing research results. The remaining types of docu-
ment, such as books and editorials, make up a smaller proportion of the publications, ac-
counting for combined totals of 1.48 per cent and 0.72 per cent respectively. The books
section indicates a deficiency in the publication of books that propose a more comprehen-
sive exploration of the topic. To help teachers and teacher educators learn how to teach
mathematical modeling in school and teacher education, it is necessary to provide more
books and teaching materials that can be used by them in preparing high-quality teaching
of mathematical modeling (Asempapa & Sturgill, 2019). This could involve providing in-
depth theoretical frameworks or extensive practical guides that reflect the dynamic and
evolving nature of STEM education through mathematical modeling.

Moreover, as shown in Table 7, the significant proportion of the source type highlights
the importance and recognition of review articles in disseminating scholarly work on this
topic. Journals account for 48.20 per cent of the total research publications and
conference proceedings represent 36.69 per cent, indicating that conferences are also a
key venue for presenting and discussing new research findings. Book series and books
account for 9.35 per cent and 5.76 per cent of the total publications, respectively,
suggesting that while these formats are less common, they still play a role in the academic
discourse on STEM education and mathematical modelling.

Table 7. Source type

Source Type Total Publications Percentage
Journal 67 48.20%
Conference proceeding 51 36.69%
Book series 13 9.35%

Book 8 5.76%

Overall, these distributions of document and source types demonstrate the
multifaceted approach researchers and educators take to explore, document and
disseminate knowledge, highlighting the robust academic engagement and the variety of
platforms utilized to advance understanding and practice in this area. The distribution
highlights the diverse avenues through which researchers share their findings and
contribute to the field.
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4.2 The most productive and influential countries, authors and institu-
tions in implementing STEM education through mathematical modelling
activities in schools

The second research question (RQ2) emphasizes the importance of analysing publications
and citations to identify the most productive and influential works within the research
scope. Therefore, in this section, we identify and discuss the top ten publications based on
country, authorship and institutions.

4.2.1 Publications by countries

Table 8 indicates that the United States leads by a substantial margin, with 74 total publi-
cations, constituting 53.24 per cent of the top ten countries' output. The country's average
citations per publication (AC) stand at 26.58, while its average citations per cited publica-
tion (CCP) are 34.15. Hong Kong is the second most prolific contributor with six publica-
tions (4.32%) for this scope of research with AC 23.83 and CCP 28.41, underscoring their
significant contribution to the field. Turkey also exhibits notable academic influence, its
five publications comprising 3.60 per cent and with CP and CCP values of 3.20 and 4.00,
respectively. Despite placing fourth with four publications (2.88%), South Korea's AC and
CCP both have high scores (26.50 and 35.33, respectively). Taiwan is another country with
high AC and CCP values, scoring 41.67 for both, despite having only three publications.
These parameters demonstrate higher citation quality relative to the country’s output.

Table 8. Top ten of total publications by country

Country TP Percentage (%) NCP TC AC ccp
United States 74 53.24 57 1967 26.58 34.51
Hong Kong 6 432 5 71 11.83 14.20
Turkey 5 3.60 4 16 3.20 4.00
South Korea 4 2.88 3 106 26.50 35.33
Italy 4 2.88 3 9 2.25 3.00
Canada 4 2.88 4 19 4.75 4.75
Taiwan 3 2.16 3 125 41.67 41.67
Sweden 3 2.16 2 30 10.00 15.00
Spain 3 2.16 3 11 3.67 3.67
Brazil 3 2.16 3 17 5.67 5.67

Notes: TP = total number of publications; NCP = number of cited publications; TC = total citations; AC =
average citations per publication; CCP = average citations per cited publication.

Other countries such as Italy, Canada, Sweden, Spain and Brazil also make meaningful
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contributions, Italy and Canada contributing four publications each (2.88%) and Spain
three publications but having a lower impact in terms of citations with AC and CCP values
below 10, at 2.25, 4.75, and 3.67 for AC value, and 3.00, 4.75, and 5.67, respectively. In
contrast, Sweden, despite having fewer publications (only three), exhibits higher AC and
CCP values of 10 and 15, respectively, indicating impactful research.

This bibliometric snapshot highlights the diverse global landscape of research in
STEM education through mathematical modelling, with varying degrees of output and im-
pact across different countries.

4.2.2 Authorship analysis

Table 9 observes a significant contribution from several prominent authors. Among them,
Biswas, from Vanderbilt University, stands out with nine publications, contributing 6.47
per cent to the total publications analyzed.

Table 9. Authorship analysis

Author TP Percentage Affiliation Country NCP TC AC ccp
Biswas, G. 9 6.47 % Y;?S::gig’ Nashville United States 7 190 21.11 27.14
Basu, S. 7 5.04 % in?\(}:gﬁg’ Nashville United States 6 168 24.00 28.00
Hutchins, N. 5 3.60 % Ei?g::gi& Nashville United States 3 37 7.40 12.33
Wilensky, U. 4 2.88 % Egglelx?:;’eganston United States 4 1046 261.50 261.50
ginnebrew J; 4 2.88 % gi?g::gg’ Nashville United States 4 146 36.50 36.50
Shekhar, S. 3 2.16 % Ei?f::gi; Nashville United States 3 35 11.67 11.67
Snyder, C. 3 2.16 % Ei?g::gi; Nashville United States 2 29 9.67 14.50
Caglar, F. 3 2.16 % Ei?g::gig’ Nashville United States 3 35 11.67 11.67
Gokhale, A. 3 2.16 % Ei?gg;gig, Nashville United States 3 35 11.67 11.67
Lin K.-Y. 2 1.44 % Taiwan Normal Taiwan 2 121 60.50 60.50

University, Taipei

Notes: TP = total number of publications; (%) = percentage; NCP = number of cited publications; TC =
total citations; AC = average citations per publication; CCP = average citations per cited publication.

Biswas’s work has garnered considerable attention, with an average of 21.11 citations
per publication, indicating sustained scholarly impact. He is followed by Basu, also from
Vanderbilt University, who has made a notable contribution with seven publications,
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being 5.04 per cent of the total publications, and an average of 24.00 citations per publi-
cation, reflecting deep engagement and influence within the field of STEM education and
mathematical modelling in school.

Further analysis reveals that eight of the ten top authors are affiliated with Vanderbilt
University, Nashville. Authors affiliated with Northwestern University and Taiwan Nor-
mal University, Wilensky and Lin, demonstrate strong publication records with high av-
erage citations per publication (261.50 and 60.50, respectively), underscoring their influ-
ence on the discourse around STEM education and mathematical modelling.

These findings suggest a robust scholarly network driving innovation and develop-
ment in educational practices that integrated STEM education with mathematical model-
ling activities in school.

4.2.3 Most active institutions

Data in Table 10 reveals that Vanderbilt University emerges as the most active institution
with 12 publications, contributing significantly to the field. With an average of 22.08 cita-
tions per publication (AC) and average citations per cited publication (CCP) of 29.44,
Northwestern University follows, with only three publications but an impressive average
of 331.33 citations per publication, indicating a strong influence in integrating mathemat-
ical modelling into STEM education practices and sustained productivity within the aca-
demic community.

Table 10. Top ten most active institutions

Institution TP Percentage Country NCP TC AC CCp
Vanderbilt University 12 8.63 United States 9 265 22.08 29.44
Northwestern University 3 2.16 United States 3 994 331.33 331.33
Texas A&M University 3 2.16 United States 3 91 30.33 30.33
Purdue University 3 2.16 United States 3 50 16.67 16.67
North Carolina State University 3 2.16 United States 1 26 8.67 26.00
University of Texas 3 2.16 United States 1 2 0.67 2.00
National Taiwan Normal University 2 1.44 Taiwan 2 121 60.50 60.50
Sungkyunkwan University 2 1.44 South Korea 2 72 36.00 36.00
The Education University of Hong Kong 2 1.44 Hong Kong 2 9 4.50 4.50
University of Brescia 2 1.44 Ttaly 2 6 3.00 3.00

Notes: TP = total number of publications; NCP = number of cited publications; TC = total citations; AC =
average citations per publication; CCP = average citations per cited publication.

Institutions like Texas A&M University, National Taiwan Normal University and
Sungkyunkwan University also exhibit notable contributions: though they have only three,
two, and two publications, respectively, they have high AC values of 30.33, 60.50, and
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36.00. Purdue University, North Carolina State University, University of Texas, The Edu-
cation University of Hong Kong, and University of Brescia, among the other five institu-
tions, have either three or two publications, each with an average of fewer than 20 cita-
tions.

This analysis underscores Vanderbilt University's leadership in advancing mathemat-
ical modelling within STEM education, shaping future research and pedagogical practices
in this research area.

4.3 Collaboration among authors and countries

To get a greater understanding of the international collaboration among researchers, vis-
ualization of the network mapping represents by the themes that emerged from the focus
on STEM education through modelling activities. Co-authorship analysis examines the in-
teractions among scholars in a research field (Donthu et al., 2021). This visualization maps
the co-authorship network, showing relationships among i) authors and ii) countries.

4.3.1 Co-authorship among authors

Using co-authorship analysis, the network mapping visualized the collaboration among
authors who have written articles about STEM education and mathematical modelling
activities in schools. The number of publications per author is shown by the size of the
nodes in the network map, while the line thickness shows collaboration strength. Nodes
within the same colour cluster indicate similar topics, and the distance between any two
keywords reflects their relative strength and topic similarity. The size of a node indicates
the frequency of a selected keyword (Cevikbas et al., 2022). The thicker the line, the more
papers the authors have written collaboratively (Lim et al., 2023).

With the full counting method requiring one minimum document and zero citations,
there are five clusters with a total of 32 connected authors out of 425 authors, as shown in
Figure 4. These clusters are represented by different theme colours. The first cluster with
a red colour is the biggest, containing nine authors: Shashank Shekhar, Tazrian Haider
Rafi, Tazrian Rafi, John Kinnebrew, Liyan Hou, Aniruddha Gokhale, Anton Dukeman,
and Faruk Caglar. The second biggest cluster represents eight authors connected by the
green theme colour: Gautam Biswas, Nicole Hutchins, Akos Ledeczi, Miklos Maroti,
Shitanshu Mishra, Caitlin Snyder, Bernard Yett, and Ningyu Zhang. The third cluster is
displayed with the blue theme colour, connecting six authors: Kevin McElhaney,
Christopher Harris, Reina Fujii, Sarah Fick, Jennifer Chiu, and Nonye Alozie. The yellow
theme colour cluster is the fourth cluster, which includes six authors: Satabdi Basu, Luke
Conlin, Mona Emara, Shuchi Grover, Nicole Hutchins, and Kevin McElhaney. Pratim
Sengupta, Amanda Dickes, and Douglas Clark make up the smallest cluster in the purple
theme colour.
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Figure 4. Network visualization map of the co-authorship based on author
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The largest node size belongs to Gautam Biswas, indicating that she has co-authored
a relatively high number of articles on this topic, while the line linking Satabdi Basu and
Gautam Biswas appears thicker, indicating their joint authorship of more articles.

This network visualization map can be a useful tool for researchers studying the field
of STEM education through mathematical modelling activities in schools. By examining
the map, researchers can identify the leading scholars in the field, as well as potential
collaborators for future research projects.

4.3.2 Co-authorship among countries

Using co-authorship analysis by country with the setting of a minimum of zero citations
and one document, the network visualization map reveals nine clusters with 27 connected
countries out of 43 countries. These clusters correspond to the co-authorship country
networks that have published articles on the implementation of STEM education through
mathematical modelling activities in schools. The lines that connect the circles reveal the
patterns of collaboration among these countries. Each node in the co-authorship network
represents a different country, while each node’s size indicates the total number of papers
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written by researchers from a particular country. The larger the node size, the more
publications there are in that country (Lim et al., 2023).

Based on the network map of co-authorship by country as shown in Figure 5, the
United States leads as the biggest node with the most lines of collaboration originating
from it. There are six connections with other countries, including Hungary, Egypt, China
and Brazil, which form the first cluster with the red theme colour. Portugal is represented
by the second biggest node, connected to four countries: Spain, France, Sweden and
Vietnam. This group forms the second cluster in the green theme colour.

Figure 5. Network visualization map of co-authorship based on country
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The visualization shows that some countries are more prolific in this field of research
than others, while the remaining clusters show that the connections are fragile. These
seven clusters, which serve as cluster centres, include Greece, Australia, Germany, Hong
Kong, Puerto Rico, South Korea, and Canada.

4.4 The dominant themes among scholars regarding the implementation of
STEM education through mathematical modelling activities in schools

The primary aim of the fourth question was to explore the dominant themes related to the
implementation of STEM education through mathematical modelling activities in schools.
To obtain the themes, we use keyword analysis. The unit of analysis for co-word analysis
is words. The words in a co-word analysis are often derived from author keywords; in their
absence, notable words can also be extracted from article titles, abstracts and full texts.
The co-word analysis assumes that words that frequently appear together are thematically
related (Donthu et al., 2021). In this section, we use VOSviewer software for co-occurrence
analysis of keywords, specifically i) those provided by authors and ii) those derived from
titles and abstracts.

4.4.1 Keywords analysis by author

We conducted distinct author keyword co-occurrence analyses aiming to discern temporal
trends in keywords. The analysis yielded 534 keywords used by authors. Selecting relevant
keywords is vital in terms of implications and future research directions. This analysis
technique determined the relationship between concepts in article titles, abstracts, or
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keywords. It assumes that words that frequently appear together have a thematic
relationship with one another (Donthu et al., 2021).

The findings therefore showed up-to-date information on the topic and pointed out
the many aspects of STEM education research, especially the importance of focusing on
students, combining different subjects, using modelling to improve learning results, and
proposed areas for future study. Table 11 illustrates the top 20 keyword categories used by
authors in all studies.

Table 11. Top 20 author keywords

Author Keyword Frequency Percentage
STEM 73 13.67
Education 69 12.92
Learning 44 8.24
Modelling 39 7.30
STEM Education 29 5.43
Science 19 3.56
Engineering 18 3.37
Mathematics 16 3.00
Technology 13 2.43
Computational Thinking 11 2.06
Simulation 11 2.06
Teaching 9 1.69
Mathematical Modelling 8 1.50
Programming 8 1.50
Science Education 7 1.31
Mathematical Modelling 7 1.31
Integration 7 1.31
K-12 7 1.31
Engineering Design 6 1.12
Concepts 6 1.12

Apart from the themes used in the search string—STEM (or STEM education or
science or technology or engineering or mathematics), mathematical modelling (or
modeling), and school (or K-12)—the most frequently occurring keyword is "learning,"
which appears in 8.24 per cent of the analysed publications, indicating a strong emphasis
on the need for student engagement and outcomes in STEM education research.
"Computational thinking" and "simulation" follow, each with 2.06 per cent frequency,
underscoring the significance of skills development and integrating modelling activities
into STEM education. The keywords "programming" (1.5%) and "engineering design"
(1.12%) highlight the crucial role of technology and interdisciplinary approaches in
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modern educational practices. Other notable keywords such as "teaching" (1.69%),
"science education" (1.31%) and concept" (1.12%) reflect core components of educational
strategies, while terms like "e-learning" (4.56%) and "learning systems" (5.71%) indicate
a growing interest in digital and adaptive learning environments.

Additionally, regarding authors’ keywords, we conducted a bibliometric analysis
utilizing VOSviewer network visualization mapping as shown in Figure 6. According to
Donthu et al. (2021), connecting documents through a combination of bibliometric and
second-order textual similarities can improve the accuracy of document clustering.

Figure 6. Network visualization map of the author keywords
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Using co-occurrence analysis with the full counting method and requiring that a
keyword appear at least three times, we found four clusters containing 22 out of 25
connected items comprising different keywords used by authors. Different colours
distinguish each of the clusters. According to the network visualization, the first cluster
consists of seven items, highlighted with the red theme colour, featuring prominent terms
such as STEM education, connecting with six other keywords: computational thinking,
higher education, mathematical modelling, scaffolding, and science education and
mathematics education. The green theme colour emerges as the second prominent cluster,
connecting seven keywords: STEM, simulation, programming, problem-solving,
modelling, K-12 and education. The third cluster, presented with a blue theme colour,
comprises five items: technology education, engineering education, contexts, conceptual
learning, and concepts. Only three items—mathematical modelling, science and
engineering—make up the fourth cluster.

Overall, the visualization shows a strong focus on the integration of STEM education
and mathematical modelling, with a particular emphasis on implementation in schools
and evaluation of its effectiveness. Based on the visualization map, the researcher can
identify any gaps between two nodes for future research purposes. For example, there is
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no connection, or a lack of research, between mathematical modelling (or modeling) and
technology education, between STEM (or STEM education) and technology education, or
between technology education and programming.

4.4.2 Keywords analysis based on title and abstract

We utilized VOSviewer software to analyse the number of co-occurrences based on titles
(index keywords) and abstracts (all keywords) of all the retrieved papers. With full count-
ing and five minimum occurrences of all keywords, the network map is visualized as illus-
trated in Figure 7.

Figure 7. VOSviewer visualization of co-occurrence based on all keywords
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The results indicate five clusters with 31 linked items. The first cluster, located in the
red group, comprises eight linked items with “STEM (science, technology, engineering,
and mathematics)” serving as the central term and connected to other terms like learning
system, high school students, education computing, e-learning, computational thinking,
computational model, and computational theory. The second cluster with the green theme
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colour emerged with the term "student" serving as its focal point. This cluster
encompasses seven more items: teaching, surveys, science-technology-engineering-
mathematics, professional aspects, education, curricula, and computer-aided instruction.

The implementation of STEM education through mathematical modelling activities
demonstrates its application to real-world scenarios and realistic experiences. There are
three further clusters, coloured blue, yellow and purple. The third cluster consists of seven
items: STEM education, mathematical modelling, science education, mathematics,
computational thinking, mathematics education, and mathematical modeling. The fourth
cluster encompasses five items, including STEM, models, modelling, simulation, and
scaffolds. Only three items—engineering education, problem-solving and technology
education—comprise the final cluster.

Figure 8 demonstrates that the network mapping relies on the index, utilizing full
counting and a minimum of three occurrences of keywords. The visualization shows that
there are four clusters involving 45 connected items.

Figure 8. VOSviewer visualization of co-occurrence based on index keywords
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The major cluster, coloured red, includes 15 items, being students, engineering
education, teaching, curricula, education, engineering, mathematics, integration, the
National Science Foundation, problem-solving, problem-solving skills, professional
aspects, project-based learning, science-technology-engineering, and science
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technologies. It represents the core research area, focusing on the relationship between
mathematical modelling and STEM education generally.

The second major cluster, in green, connects 11 items, including STEM (science,
technology, engineering, and mathematics), computational thinking, computational
theory, computational models, computer software, high school, middle school, modelling
environments, models, scaffolds and simulation. The focus appears to be on the practical
aspects of implementing mathematical modelling activities in STEM education that are
suitable for applying real-world situations to the students’ learning. The third cluster, in
blue, involves education computing, learning systems, computer-aided instruction, STEM
(science, technology, engineering, and mathematics), elementary schools, engineering
research, high school students, learning environments, models and simulations,
motivation, and surveys. The final cluster, coloured yellow, links e-learning, STEM
education, mathematics education, teaching and learning, secondary schools, and the
fields of science, technology and engineering. These points of view emphasize the
effectiveness of implementing STEM education through modelling activities, involving the
application of specific mathematical techniques and tools.

Overall, the visualization highlighted that research on STEM education through
mathematical modelling activities in schools focuses on developing and implementing
effective curricula and instructional methods, as well as student learning outcomes and
teacher professional development. This study also found that some of the key terms and
clusters have stimulated another field of study involving the implementation of STEM
education through modelling activities in schools.

5 Limitations and future research

As a first limitation, only articles published in the Scopus database were selected for this
study. Even though Scopus is recognized as a comprehensive database for academic pa-
pers, incorporating other databases might yield additional insightful results. Future re-
search should assess publications in other databases, such as Web of Science, ProQuest,
Google Scholar, Dimensions, Lens and PubMed (Nuar & Seah, 2024). The second limita-
tion of this study is its focused only on publications using the English language. Future
research should extend the search to non-English publications.

Conclusions

The purpose of this research was to look at the use of mathematical modelling activities in
STEM education and its trajectory in educational settings. The research findings may help
educators incorporate STEM learning into the classroom through mathematical modelling
activities. In terms of publications, the nations that are actively supporting the use of
mathematical modelling in STEM education include the United States, Hong Kong,
Turkey and South Korea. According to the results of networking visualized by countries,
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authors, and institutions, collaboration in the recent period shows an impressive trend
that can become more actively developed. This collaboration is likely to bring needed new
paradigms and perspectives in this area of research (Nyirahabimana et al., 2022). Due to
its indirect global influence, this networking tendency has prompted other countries to
change their educational practices, especially with regard to the mathematical field.

Therefore, it is necessary to enhance a number of aspects, including teaching
materials, teaching methodologies and teaching approaches, in order to encourage the
beneficial use of mathematical modelling activities in STEM education (Basu et al., 2016).
Additionally, teachers should enhance their abilities to equip themselves for the modern
world and its demands (Lamsa et al., 2023). This, in conjunction with a program of
mathematical and STEM-based future-oriented problems, can support the development
of students' skills and confidence in problem-solving ability. Specifically, mathematical
and STEM-based modeling has been promoted as a valuable method of cultivating various
cognitive perspectives that encourage adaptive and innovative learners. These learners are
characterized by a propensity for discovering new knowledge and skills, as well as a
willingness to address complex problems from the present and the future (English, 2023).
According to Kiiciikaydin and Ulum (2025) and Kim et al. (2023), teachers with negative
mathematics learning experiences are assumed to possess low self-efficacy and would
have an impact on their teaching behaviours. Thus, teachers must engage in professional
development to ensure that they can effectively instruct students, encourage critical
thinking in them, and support active learning in the classroom.
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