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1. Introduction

An important goal of mathematics education is to enable students to develop their ability to solve
reality-based problems (Hdnze and Leiss, 2022). The Primary School Mathematics Curriculum (Ministry
of National Education [MoNE], 2018) aims to enable students to use mathematical thinking skills to
solve many real-life problems. However, today's increasingly complex problems are often far beyond
the problems that students encounter in schools. In order to solve these problems, students need to
develop in-depth thinking and problem-solving skills (Derin and Aydin, 2020). Mathematical modelling
enables students to establish a connection between mathematics and daily life and increases their
problem-solving skills (Kertil, 2008).

A model is a product that will help to solve the problem by going through different mental processes in
the problem solving process of a real life situation (Lesh and Doerr, 2003).While modelling involves
interpreting the problem situation, making arrangements to solve it and evaluating the solution, models
include equations, diagrams and concrete representations (Kaygisiz and Senel, 2023).Mathematical
modelling represents a process that connects the real and mathematical worlds (Blum and Ferri-
Borromeo, 2009).Mathematical models are complex because they include not only mathematical
representations such as formulas, equations and graphs, but also conceptual systems that accurately
reflect the real world (Czocher, 2017) and the solution of real-world problems (Schukajlow et al.,
2015).Although there is no single agreed upon definition of mathematical modelling, it describes a real-
world situation, makes certain assumptions and choices, and then uses a mathematical model to obtain
a solution that can be translated into the real world (Asempapa, 2022; Arleback, Doerr and O'Neil, 2013;
Artigue and Blomhgj, 2013). The mathematical modelling process has a cyclical structure and involves
a series of stages. Although there are various cycles in the literature, the most appropriate one for
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research purposes in the field of mathematics education seems to be Blum and Leif3's (2007) original
modelling cycle, which includes individual steps that distinguish the stages of the mathematical
modelling process: structuring, simplification / configuration, mathematical study, interpretation,
verification and explanation (Durandt and Lautenbach, 2020). While problem solving usually starts
with a real-world situation expressed in mathematical terms, mathematical modelling starts in the
unstructured world and involves problem formulation and analysis. The student starts from the real
world, thinks about the results in the context of the problem, and then returns to the real world to
evaluate the solution (Pollak, 2012).

The mathematical modelling process helps students develop their problem solving and communication
skills in a group discussion environment. In these discussion environments, students learn to respect
each other's ideas and gain the ability to have a common view with their friends. In models created in
groups, students develop the skills of understanding the problem situation, simplifying,
mathematising, mathematising, working mathematically, interpreting and verifying the solution
proposal and sub-skills based on these skills. At the stage of understanding the problem situation,
students work on various skills such as explaining real life problems based on their past experiences,
using reading, comprehension and interpretation skills, and creating graphs and tables (Kaygisiz and
Aysin-$enel, 2023).Modelling activities provide students with various opportunities to use mathematics
effectively in their daily lives, to associate mathematics with real life situations, to produce different
solutions to the problems they encounter, and to think analytically (Blum and Niss, 1991; English and
Watters, 2004; Lesh and Doerr, 2003).In fact, in this way, mathematical modelling provides students
with an understanding that emphasises mathematical concepts (Dogan et al., 2019; Kertil and Giirel,
2016; Sriraman and Lesh, 2006).Mathematical modelling activities can be easily integrated into existing
engineering and mathematics curricula (Hallstrom and Schonborn, 2019; Kertil and Gurel,
2016).Mathematical modelling has strengths such as including daily life problems (Bliss et al., 2016),
increasing students' motivation by learning content related to themselves (Kim et al., 2015), increasing
their mathematical competence by helping them learn mathematics (Sokolowski 2015; Young et al.,
2011), and allowing them to gain self-efficacy (Schukajlow et al., 2012). Czocher et al. (2021) stated that
these strengths of mathematical modelling are necessary precursors in the main disciplines of STEM.
Suh and Han (2019) investigated how a science, technology, engineering, and mathematics (STEM)
project involving mathematical modelling affects university students' competencies in sustainability.
As a result of the study, students who completed the STEM project perceived mathematical modelling
as a useful tool for recognising current problem situations, predicting future societal changes, and
identifying possibilities for balancing the needs of current and future generations. Armutcu and Bal
(2023) aimed to examine the effect of mathematical modelling activities in the context of STEM
education on the mathematical modelling skills of secondary school students. As a result of the study,
it was concluded that mathematical modelling activities carried out in the context of STEM education
positively improved the mathematical modelling skills of middle school students, these students gained
different interdisciplinary perspectives, positive developments were experienced in thinking skills,
students adapted to group work more easily and their interest in engineering and technology increased.
As a result, when all these are taken into consideration, we can define mathematical modelling as a
teaching method that gives students opportunities to actively produce solutions to problem situations
that they may encounter in their daily lives during the learning process, improves students' problem
skills, gives students the ability to take a common view by respecting each other, supports STEM skills
that are on the agenda of the 21st century, looks at 21st century problems from a current perspective
and we think that it will continue to be up-to-date. For this reason, bibliometric analysis was carried out
in our study in order to emphasise the importance of mathematical modelling and to present the
actuality of the studies with quantitative data.

Bibliometric analysis is a systematic examination using the large amount of information contained in
published research articles, conference proceedings and other sources to understand the nature and
impact of a particular scientific or technical topic. This evaluation approach is widely used in many
fields such as science, technology, medicine and social sciences to examine research and development
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trends, identify leading authors and institutions, assess the impact of research initiatives and track the
progress of various disciplines (loseliani et al, 2023).According to Bornmann and Mutz (2015),
bibliometric analysis is a method of analysing literature using quantitative measures such as the number
of publications, citations and number of authors to determine the impact or evaluate the impact of a
particular research area. This research method has five stages (Setyaningsih et al., 2018; Tranfield et al.,
2003).

Stage 1 Stage 3 Research refinement
Search criteria Stage 2 * WOS: 1,435 documents

Keywords: Web of science database + Web of Scence Core Collection: 1,409 documents
R fi’n'uldr ";conom‘_ arid Web of ‘\;'lpnce (WOS) i ¢ Dates: until 2017 (included): 993 documents

+ anrvitonnent . - * Only articles: 743 documents

[ Stage 5 }- Stage 4
. : Pr Exportof final data
Analysis and discusion of results
y ddisc . i All available information in ".txt" format

Figure 1. Five-step bibliometric analysis method (Hudha et al., 2020)

Figure 1 shows the five steps specified by Hudha et al. (2020) for bibliometric analysis. In the first stage
of bibliometric analysis, appropriate keywords are determined by searching the literature suitable for
the research topic. The second stage includes the first results determined according to certain
characteristics. The third stage is the process of improving the initial search results by filtering the search
results. The fourth stage involves saving the collected data as a file, identifying missing data and
classifying the data. The last stage of the analysis includes the analysis and reporting of the final data
obtained.

As aresult, bibliometric analysis was used to determine in which areas there is an increase in the number
of studies on mathematical modelling, which authors are more popular, or in which subfields there is a
greater need. The results of these analyses can guide researchers to develop new approaches to certain
topics or to focus on existing problems. This enables more effective and guiding studies in scientific
research. Therefore, this study aims to fill a critical gap in existing literature by attempting to present
an up-to-date review study through bibliometric analysis of mathematical modelling. In line with this
purpose, answers to the following sub-problems were sought. Accordingly, scientific publications on
mathematical modelling;

1. How is the distribution according to years?

2. How is the distribution according to publication languages?

3. How is the distribution according to the number of articles per author?
4. How is the distribution according to institutions or universities?

5. How is the distribution according to journals?

6. How is the distribution according to countries?

7. How is the author co-citation network?

8. How is the co-authorship network according to the institutions or universities to which the authors
are affiliated?

9. How is the co-authorship network according to regions or countries?
10. How is the distribution according to the authors who are co-cited?

11. How is the distribution according to co-cited sources?

12. What are the most commonly used co-authored keywords?

2. Method
2.1. Model of Research

In this research, which uses descriptive research design, it is aimed to make a bibliometric map analysis
of the studies on mathematical modelling. Bibliometric analysis analyses certain characteristics of
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publications in a particular field such as the number of publications in those years, the most studied
topics, the most contributing institutions, keywords (Ciftci et al., 2016).

2.2. Data Collection

In line with the bibliometric map analysis of scientific studies on mathematical modelling, the Web of
Science (WoS) database, which is widespread and accepted in the scientific world, was accessed and
443026 studies were found by first typing the key concept of "mathematical modelling and mathematical
modelling” in the title. Since it was aimed to analyse current publications in the research, the research
was limited to the last 10 years (2013-2023). As a result of this limitation, 265450 publications were
reached. As the last stage, in order to reduce the research to the field of education, categories related to
education (Education Educational Research, Education Scientific Disciplines, Education Special) were
selected from the WoS database and 4576 publications were identified as a result. Accordingly, the
inclusion-exclusion criteria for the relevant publications within the scope of the study are presented in
Table 1.

Table 1. Inclusion-Exclusion Criteria

Inclusion Criteria

First Phase Database WoS (Web of Science Core Collection)
Index All of them
History 24.12.2023
Key Concepts Mathematical Modelling, Education
Conclusion 443 026
Exclusion Criteria
Second Phase Year Last 10 years
Third Phase Category 3329 Education/Education Research
1500 Education Scientific Disciplines
103 Education Special
Conclusion 4576

According to Table 1, the inclusion and exclusion criteria of scientific publications in the research are
given. In the search conducted on 26.12.2023, a total of 4576 studies covering the relevant key and criteria
in 2013 and later were identified. Of these publications, 2900 are scientific articles, 1620 are proceedings,
180 are book chapters, 130 are early access and 35 are review articles.

2.3. Data Analysis

According to the criteria selected in the study, the first descriptive analysis of 4576 studies obtained
from the WoS database was carried out. After these analyses, scientific publications were analysed
descriptively according to the sub-problems of the research and explanations were made by presenting
the relevant visuals. The data obtained were then saved and analysed in the VOSviewer programme
according to citation counts, co-citation, co-authorship, co-existence, bibliographic matching analysis
types according to authors, institutions and countries. Accordingly, the analysis criteria of the data are
presented in Table 2.

Table 2. Type of Analysis, Unit and Counting Method Used in Data Analysis

Analysis Type Analysis Unit Counting Method
Authors

Co-authorship Countries
Organizations

Full i
Cited authors ull counting

Co-citations
Cited references

Co-occurrence (Keywords)

2.4. Research and Publication Ethics

In the study, all the rules specified in the Directive on Scientific Research and Publication Ethics of
Higher Education Institutions were followed and none of the actions in section 2 of the "Actions
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Contrary to Scientific Research and Publication Ethics" title of the directive were carried out.
2.4.1. Ethics Committee Permission

Since no data was obtained from any living creature by any means within the scope of the scientific
study in question, no ethics committee decision was required.

3. Findings

In this section, the data obtained from the WoS database and the findings obtained with the VOS viewer
program are presented.

3.1. Distribution of Scientific Publications on Mathematical Modelling by Years

The distribution of scientific publications on mathematical modelling, which include key concepts
related to the field of education, according to years is given in Figure 2.
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Figure 2. Distribution of Publications on Mathematical Modelling by Years

When Figure 2 is examined, it is seen that most publications on mathematical modelling were made in
2018 (611) and the least in 2014 (279). When Figure 2 is examined, it is seen that the studies on
mathematical modelling have increased until 2018, although there have been decreases in some years,
but after 2018, publications on mathematical modelling have decreased. After 2018, although there is a
decrease in the number of publications, we can say that the number of publications made in recent years
is not low.

3.2. Distribution of Scientific Publications on Mathematical Modelling According to Publication

Languages

The distribution of scientific publications on mathematical modelling that include key concepts related
to the field of education is given in Figure 3.
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Figure 3. Distribution of Publications on Mathematical Modelling According to Languages
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When Figure 3 is examined, it is seen that the highest number of publications on mathematical
modelling is in English with 4117 publications. After that, there are 268 publications in Spanish, 59 in
Russian, 40 in German and there are almost few or no publications in other languages. Since English is
accepted as the universal language of science, it is thought that there are more publications in English.

3.3. Distribution of Scientific Publications on Mathematical Modelling According to the Number of
Articles per Author

The distribution of the number of articles written by the authors of scientific publications on
mathematical modelling that include the key concepts related to the field of education is given in Figure
4.
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Figure 4. Distribution of Publications on Mathematical Modelling According to the Number of Articles per Author

In Figure 4, 25 out of 10387 authors who have publications in the WoS database containing the related
key concepts are given. Visualisation in the Web of Science (WoS) database is limited to a maximum of
25 data. 10387 authors in the research are presented as a list in the (WoS) database. Therefore, the
highest display value was selected to show more data in the study. Accordingly, when Figure 4 is
analysed, it is seen that the author with the highest number of publications in this field is Stanislaw
Schukajlow from the University of Miinster with 24 articles. Gabrielle Kaiser is in second place with 19
articles and Juan D. Godino is in third place with 16 articles. The other authors who contributed to the
published articles are listed with a number of publications ranging from 2 to 15.

3.4. Distribution of Scientific Publications on Mathematical Modelling by Institutions or Universities

The distribution of the authors of scientific publications on mathematical modelling, which include key
concepts related to the field of education, by institution or university is given in Figure 5.

In Figure 5, according to the results of the data containing the relevant key concepts in the WoS database,
25 of the 3280 institutions or universities to which the authors who have publications on mathematical
modelling are affiliated are included. Visualisation in the Web of Science (WoS) database is limited to a
maximum of 25 data. The 3280 institutions or universities included in the research are presented as a
list in the (WoS) database. Therefore, the highest display value was selected in order to show more data
in the research. Accordingly, when Figure 5 is analysed, it is seen that the highest number of scientific
publications in this field is published by the authors working at Universitas Pendidikan Indonesia with
91 publications. Secondly, Ministry of Education Science of Ukraine with 75 publications and thirdly
Purdue University, Purdue University System and Purdue University West Lafayette Campus with 56
publications. In the table, it is seen that other institutions or universities to which the authors who
contribute to the related field are affiliated also contribute to the field with a number of articles ranging
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from 4 to 53. Among the universities in Turkey, Middle East Technical University, Gazi University,
Hacettepe University and Marmara University contributed to the field with 27, 22, 18 publications,

respectively.

91 56
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Figure 5. Distribution of Authors of Publications on Mathematical Modelling according to the Institutions or
Universities they are affiliated with

3.5. Distribution of Scientific Publications on Mathematical Modelling According to Journals

The distribution of scientific publications on mathematical modelling, which include key concepts
related to education, according to the journals or publication groups to which the journals are affiliated

is shown in Figure 6.
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Figure 6. Distribution of Publications on Mathematical Modelling According to Journals or Publication Groups to
which Journals are Affiliated

In Figure 6, 25 data showing the distribution of scientific publications containing key concepts related
to mathematical modelling education in the WoS (Web of Science) database according to journals or
publication groups to which journals are affiliated are presented. When Figure 6 is examined, it is
determined that 808 of the most scientific articles in the field of mathematical modelling are published
in journals belonging to Springer Nature. The journals in the Taylor and Francis group ranked second
with 395 articles, while the journals of IOP Publishing Ltd. ranked third with 238 articles.
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The network visualisation map in Figure 7 shows the strength of collaboration between journals. The
thickness of the lines reflects the collaboration strength, while the size of the circles represents the
number of articles. Furthermore, the colours indicate the clusters of collaboration between journals.
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Figure 7. Network Visualisation Map Regarding the Journals in which Scientific Publications on Mathematical
Modelling are Published

The network visualisation map presented in Figure 7 was created using VOSviewer software. In this
map, it is determined that each journal is represented by at least 5 articles and 216 of 1000 journals meet
this criterion. However, it is seen that only 130 of these 216 journals have a publishing relationship with
other journals. According to Figure 7, a network structure representing 14 different clusters has
emerged. It is observed that journals are generally in strong relationships with each other.

3.6. Distribution of Scientific Publications on Mathematical Modelling by Countries

The distribution of scientific publications on mathematical modelling, including key concepts related to
education, by region or country is presented in Figure 8.
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Figure 8. Distribution of Publications on Mathematical Modelling by Region or Country of Publication

In Figure 8, it is indicated that only 25 out of 117 regions or countries are presented in the WoS database
where publications containing key concepts related to mathematical modelling originate. In this context,
it was found that 829 of the most scientific publications were published in the USA. China ranked second
with 378 publications, while Indonesia and Spain ranked third and fourth with 348 and 203 publications,
respectively. In addition, although it is not included in the figure, it is seen that Turkey contributes to
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the field with 203 publications and other countries contribute to the field with a number of publications
ranging from 1 to 324.

3.7. Author Co-Citation Network of Scientific Publications on Mathematical Modelling

The network visualisation map in Figure 9 represents the collaboration strength of authors. The
thickness of the lines reflects the amount of collaboration, while the size of the circles represents the
number of publications. The colours indicate the cluster of authors' collaboration.
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Figure 9. Network Image Showing Co-authorship of Authors of Publications on Mathematical Modelling

The network visualisation map shown in Figure 9 was created using VOSviewer software. In this map,
10387 authors were analysed with at least two publications per author and 1318 authors who met this
criterion were identified. Then, among these authors, significant relationships were found between the
studies of 179 authors and these relationships were categorised into 19 different clusters. The size of the
circles represents the authors with the most publications and in this context Stanislaw Schukajlaw
(ranked first with 23 publications), Gabriele Kaiser (ranked second with 18 publications) and Berta
Borquerol (ranked third with 15 publications).

3.8. Common Citation Network of Scientific Publications on Mathematical Modelling according to the
Institutions or Universities to which the Authors are Affiliated

The network visualisation map in Figure 10 shows the collaboration strength of the institutions or
universities to which the authors are affiliated. The thickness of the lines reflects the amount of
collaboration between institutions, while the size of the circles represents the number of articles
belonging to each institution. Furthermore, the colours indicate the cluster of collaborations.

The network visualisation map in Figure 10 was created using VOSviewer software. In this map, it was
determined that 1123 out of 3280 institutions or universities met this criterion with the requirement of
at least two publications for each institution or university. In the network visualisation map created, it
was observed that 734 institutions or universities were in cooperation. Looking at Figure 10, it is seen
that there are many clusters, but most of these clusters are in cooperation, and only pink and grey
clusters are distant from other clusters in terms of cooperation.
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Figure 10. Network Image Showing the Co-Authorship Network According to the Institutions or Universities to
which the Authors are Affiliated

3.9. Co-authorship Network of Scientific Publications on Mathematical Modelling by Region or Country

The network visualisation map in Figure 11 reflects the collaboration strength of the regions or countries
where the authors are located. The thickness of the lines indicates the amount of collaboration, while
the size of the circles represents the number of articles published in each region or country. Furthermore,
the colours indicate the cluster of collaborations.
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Figure 11. Network Image Showing Co-authorship of Publications by Region or Country of Authorship

The network visualisation map in Figure 11 was created using VOSviewer software. In this map, it was
determined that 86 out of 117 regions or countries met this criterion with the requirement of at least two
publications for each region or country. Setting two or more publication criteria allows us to better
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understand the academic productivity and co-operation networks of a particular region or country. In
addition, this method allows for a deeper analysis of trends and co-authorship relationships in the
research field. In the network visualisation map created, it was observed that 82 regions or countries
were in cooperation and these were divided into 10 different clusters. In general, it is observed that
countries are mostly in co-operation with each other.

3.10. Distribution of Scientific Publications on Mathematical Modelling According to Co-Cited Authors

The network visualisation map in Figure 12 shows the collaboration strength of the distribution
according to the authors co-cited in the authors' publications. The thickness of the lines represents the
amount of collaboration, while the size of the circles represents the number of publications of each
author. The colours indicate the set of collaborations.
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Figure 12. Network Image Showing Co-Citations of Cited Authors

The network visualisation map in Figure 12 shows the distribution of authors according to the other
authors co-cited in their publications. The names of the journals identified in the Web of Science (WoS)
database were abbreviated in the VOSviewer programme. In this map, it is determined that 705 authors
out of 59574 authors fulfil the criterion of at least 20 author citations. Seven different clusters are
observed: green, yellow, red, blue, purple, orange and light blue. Among the authors with the highest
number of co-citations, Blum (692 citations), Kaiser (527 citations) and Lesh (450 citations) stand out.

3.11. Distribution of Scientific Publications on Mathematical Modelling According to Commonly Cited
Sources

The network visualisation map in Figure 13 shows the collaborative strength of the distribution
according to the sources that the publications co-cite. The thickness of the lines reflects the strength of
interaction between the sources, while the size of the circles represents the number of uses of each
source. The colours indicate the cluster of keywords.

In terms of the co-citation of the cited sources, it was determined that 766 of the 48061 sources met this
criterion, provided that each source had at least 20 citations. The criterion of at least 20 citations ensures
that only publications that have reached a certain level of impact and importance are considered. The
20 citation threshold represents a sufficient level of academic recognition for a publication or resource,
and publications with fewer citations may not adequately demonstrate their impact in the research field.
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In this way, a more meaningful and representative network visualisation is created, allowing for a more
accurate analysis of co-citation relationships and collaborations. In addition, this method enables a more
in-depth analysis of trends and co-authorship relationships in the research field. In the network
visualisation map presented in Figure 13, it is observed that these 766 sources are divided into 6 different
clusters. This map emphasises that the relationship between publications is strong and proximity is
important. The most co-cited sources are ZDM - Mathematics Education (2586 citations), Educational
Studies in Mathematics (2393 citations), Journal for Research in Mathematics Education (1862 citations).
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Figure 13. Network Image Showing the Distribution of Co-Cited Sources According to Publications
3.12. Most Common Keywords Used in Scientific Publications on Mathematical Modelling

The network visualisation map in Figure 14 shows the most frequently used keywords in the relevant
publications and the relationships between these words. In this map, the thickness of the lines represents
the strength of the interaction between the keywords used, and the size of the circles represents the
number of times each keyword is used. In addition, the colours indicate the cluster to which the
keywords belong.

The network visualisation map in Figure 14 shows the co-occurrence of keywords. This visualisation
map was created using the VOSviewer program and it was determined that 472 of the 10611 keywords
that were examined for keywords used at least 5 times met this criterion. Determining the criterion of
using keywords at least 5 times in publications is to better understand the importance and interaction
of keywords in the research field. This criterion shows that a particular keyword has found enough
space in the research literature and represents an important relationship on a particular topic. Keywords
that are used at least 5 times have a more widespread level of interaction and consideration among
researchers and this provides a reliable basis for analysing the co-use of keywords. In the map, the most
frequently used keywords among these 472 keywords are mathematics (225 times), mathematical
modelling (213 times), mathematical modeling (199 times), mathematics education (125 times), problem
solving (104 times), modelling (86 times), modeling (78 times), mathematical model (68 times). On the
other hand, although the relationship between mathematical modelling and STEM is high in terms of
key concept usage, it is observed that only 30 mathematical modelling publications contain STEM key
concept. This situation shows that mathematical modelling is limited in terms of studies conducted in
the context of STEM.
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Figure 14. Network Image Regarding the Use of Keywords Together in Publications
3. Result and Discussion

This study examines the scientific publications in the field of mathematical modelling from a
bibliometric perspective and provides an understanding of the various dimensions of the studies on
mathematical modelling. Mathematical modelling is considered as a topic that maintains its place on
the agenda in the field of education (Cakmak Giirel and Bekdemir, 2022; Didis Kabar and Inan Tutkun,
2021; Sagiroglu and Karatas, 2018; Stender and Kaiser, 2015; Tekin Dede and Bukova Giizel, 2023b). In
this study, the potential research trends of critical technology areas in education were revealed. In this
context, 4576 articles from the WoS database were analysed with VOSviewer software. The first result
of bibliometric mapping reveals that studies on mathematical modelling have shown an increasing
trend in the last 10 years. However, it is noteworthy that this increase has entered a decreasing trend
since 2018. This shows that there was a period of intense interest in mathematical modelling research
and then a decline (Erdem et al., 2021). However, the decrease in the number of publications in recent
years means that research in this field still continues and important contributions are made to the field
(Erdogan, 2019; Kaygisiz and Aysin-Senel, 2023). In addition, it is seen that the majority of publications
related to mathematical modelling are in English. This shows that English still plays an important role
in scientific communication and that researchers in this field generally address an international
audience. The low number of publications in other languages emphasises that the literature in this field
is generally shaped in English. When the authors with the highest number of publications in the field
of mathematical modelling are examined, Stanislaw Schukajlow stands out. This shows that certain
researchers have specialised in mathematical modelling and have made significant contributions to this
field by publishing a large number of studies (Tekin Dede, and Bukova Giizel, 2023a). In addition, the
wide distribution in the number of articles per author shows that researchers in this field work at
different intensities and specialise in various topics (Kaiser, 2020; Gonzalez-Martin et al. 2021).

When the distribution of publications on mathematical modelling by universities is examined, it is seen
that the prominent universities are generally internationally recognised institutions (Universitas
Pendidikan Indonesia, Ministry of Education Science of Ukraine, Purdue University and Purdue
University West Lafayette Campus). This shows that leading universities pioneer and make significant
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contributions to research in this field. Some universities in Turkey (METU, Gazi, Hacettepe and
Marmara) are also actively involved in this field (Birgiin and Oztiirk, 2021; Oztiirk, 2023).

Large publishing houses such as Springer Nature, Taylor and Francis and lop Publishing Ltd. are at the
forefront (Cetin et al., 2023; McPherson et al., 2022). In the bibliometric analysis, it was observed that
the publications related to mathematical modelling are concentrated in these large publishing houses.
This shows that these publishers have important scientific publications in this field and that there is an
intense interest in these publications. In addition, the network visualisation map sheds light on the
publication network in this field by showing the cooperation and connections between journals.

It is seen that the USA is among the leading countries in publications related to mathematical modelling
(Diindar, 2023). In the bibliometric analysis, it was observed that the USA is the leading country in
publications related to mathematical modelling. It is also seen that countries such as China, Indonesia
and Spain also make significant contributions. When the co-citation network among authors is analysed
according to the institutions/universities they are affiliated with, it is seen that different groups of
authors and certain institutions frequently interact with each other and conduct joint studies, which
indicates that certain institutions tend to work together and carry out joint projects in research in this
field.

In conclusion, this bibliometric mapping study in the field of mathematical modelling provides an
overview of research in this area. The findings help us to understand trends, concentrations and
important factors in mathematical modelling literature. Mathematical modelling is an important topic
in the field of education and this analysis provides important information that can guide future
researchers in understanding the literature on the topic and identifying potential opportunities for
further development. However, this study only covers a specific time period and future research could
be more comprehensive to better understand the dynamics in this area. However, this study only covers
a specific time period and future research could be more comprehensive to better understand the
dynamics in this area. It is also suggested that future research should focus more on the use of
mathematical modelling in the STEM field. In addition, it is important to increase international
collaborations to understand approaches across different countries and cultures. Given the limitations
of this study, future research needs to be more comprehensive.
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1. Giris

Matematik egitiminin énemli bir amaci, 6grencilerin gerceklige dayali problemleri ¢6zme becerilerini
gelistirmelerini saglamaktir (Hanze ve Leiss, 2022). {lkokul Matematik Dersi Ogretim Programi (Milli
Egitim Bakanligi [MEB], 2018) 6grencilerin matematiksel diisiinme becerilerini bircok gercek yasam
problemini ¢6zmek icin kullanmalarini amaglamaktadir. Ancak giiniimiizde giderek karmasiklasan
problemler, ¢ogu zaman Ogrencilerin okullarda karsilastiklar1 problemlerin ¢ok oOtesindedir. Bu
problemleri ¢ozebilmek ic¢in &grencilerin derinlemesine diisiinme ve problem ¢6zme becerilerini
gelistirmeleri gerekmektedir (Derin ve Aydin, 2020). Matematiksel modelleme, 6grencilerin matematik
ile glinliik yagsam arasinda baglanti kurmalarini saglar ve problem ¢dzme becerilerini artirir (Kertil,
2008).

Model, gergek bir yasam durumunun problem ¢dzme siirecinde farkli zihinsel siireglerden gecerek
problemin ¢oziimiine yardimeci olacak bir iiriindiir (Lesh ve Doerr, 2003) Modelleme, problem
durumunu yorumlamayi, ¢ézmek igin diizenlemeler yapmay1 ve ¢oziimii degerlendirmeyi icerirken,
modeller denklemleri, diyagramlar1 ve somut gosterimleri icerir (Kaygisiz ve Senel, 2023). Matematiksel
modelleme, gercek ve matematiksel diinyalar1 birbirine baglayan bir siireci temsil eder (Blum ve Ferri-
Borromeo, 2009) Matematiksel modeller karmasiktir ¢iinkii yalnizca formiiller, denklemler ve grafikler
gibi matematiksel temsilleri degil, ayn1 zamanda gercek diinyay1 dogru bir sekilde yansitan kavramsal
sistemleri (Czocher, 2017) ve gercek diinya problemlerinin ¢oziimiinii de igerir (Schukajlow vd,
Matematiksel modellemenin iizerinde uzlagilmis tek bir tanimi olmamasina ragmen, gercek diinyadaki
bir durumu tamimlar, belirli varsayimlar ve secimler yapar ve ardindan gercek diinyaya cevrilebilecek
bir ¢6ziim elde etmek icin matematiksel bir model kullanir (Asempapa, 2022; Arleback, Doerr ve O'Neil,
2013; Artigue ve Blomhgj, 2013). Matematiksel modelleme siireci dongiisel bir yapiya sahiptir ve bir
dizi asamayi igerir. Literatiirde gesitli dongtiler olmasina ragmen, matematik egitimi alaninda arastirma
amagclarina en uygun olani Blum ve Leif3'in (2007) matematiksel modelleme siirecinin asamalarin ayirt
eden bireysel adimlar1 iceren orijinal modelleme dongiisii gibi goriinmektedir: yapilandirma,
basitlestirme / yapilandirma, matematiksellestirme, matematiksel ¢alisma, yorumlama, dogrulama ve
agiklama (Durandt ve Lautenbach, 2020). Problem ¢6zme genellikle matematiksel terimlerle ifade edilen
gercek diinyadaki bir durumla baslarken, matematiksel modelleme yapilandirilmamis diinyada baglar
ve problem formiilasyonu ve analizini igerir. Ogrenci gercek diinyadan baslar, problem baglaminda
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sonuglar hakkinda diisiiniir ve ardindan ¢6ziimii degerlendirmek icin gercek diinyaya geri doner
(Pollak, 2012).

Matematiksel modelleme siireci, 6grencilerin grup tartismasi ortaminda problem ¢ézme ve iletisim
becerilerini gelistirmelerine yardimei olur. Bu tartisma ortamlarinda 6grenciler birbirlerinin fikirlerine
saygl duymay1 Ogrenir ve arkadaslariyla ortak bir goriise sahip olma becerisi kazamirlar. Gruplar
halinde olusturulan modellerde Ogrenciler problem durumunu anlama, basitlestirme,
matematiksellestirme, matematiksel ¢alisma, ¢dziim Onerisini yorumlama ve dogrulama becerilerini ve
bu becerilere dayali alt becerileri gelistirirler. Problem durumunu anlama asamasinda 6grenciler gercek
yasam problemlerini ge¢mis deneyimlerine dayanarak aciklama, okuma, anlama ve yorumlama
becerilerini kullanma, grafik ve tablo olusturma gibi gesitli beceriler tizerinde ¢alisirlar (Kaygisiz ve
Aysin-Senel, 2023). Modelleme etkinlikleri 6grencilere matematigi giinliik yasamlarinda etkili bir
sekilde kullanmalari, matematigi gercek yasam durumlariyla iliskilendirmeleri, karsilastiklari
problemlere farkli ¢oziimler {iretebilmeleri ve analitik diisiinebilmeleri igin ¢esitli firsatlar sunar (Blum
ve Niss, 1991; English ve Watters, 2004; Lesh ve Doerr, 2003) Aslinda bu sekilde matematiksel
modelleme 6grencilere matematiksel kavramlar1 vurgulayan bir anlayis kazandirir (Dogan vd, 2019;
Kertil ve Giirel, 2016; Sriraman ve Lesh, 2006). Matematiksel modelleme etkinlikleri mevcut
mithendislik ve matematik miifredatina kolaylikla entegre edilebilir (Hallstrom ve Schonborn, 2019;
Kertil ve Giirel, 2016). Matematiksel modellemenin giinlitk yasam problemlerini icermesi (Bliss vd,
2016), ogrencilerin kendileriyle ilgili icerikleri 6grenerek motivasyonlarim artirma (Kim vd., 2015),
Young vd., 2011) ve 6z yeterlilik kazanmalarii saglama (Schukajlow vd., 2012) gibi giiclii yonleri
bulunmaktadir. Czocher ve digerleri (2021) matematiksel modellemenin bu giiglii yonlerinin STEM'in
ana disiplinlerinde gerekli onctiller oldugunu belirtmistir. Suh ve Han (2019) matematiksel modelleme
iceren bir fen, teknoloji, miihendislik ve matematik (STEM) projesinin {iniversite ogrencilerinin
surdiiriilebilirlik konusundaki yetkinliklerini nasil etkiledigini arastirmistir. Calisma sonucunda, STEM
projesini tamamlayan 6grenciler, matematiksel modellemeyi mevcut problem durumlarim tanimak,
gelecekteki toplumsal degisiklikleri tahmin etmek ve mevcut ve gelecek nesillerin ihtiyaglarin
dengelemek i¢in olasiliklar1 belirlemek i¢in yararl bir arag olarak algilamislardir. Armutc¢u ve Bal (2023)
STEM egitimi kapsaminda matematiksel modelleme etkinliklerinin ortaokul 6grencilerinin
matematiksel modelleme becerilerine etkisini incelemeyi amaglamistir. Calisma sonucunda STEM
egitimi baglaminda gergeklestirilen matematiksel modelleme etkinliklerinin ortaokul &grencilerinin
matematiksel modelleme becerilerini olumlu yonde gelistirdigi, bu 6grencilerin disiplinler aras1 farkl
bakis acilar1 kazandiklari, diisiinme becerilerinde olumlu gelismeler yasandigi, ogrencilerin grup
calismalarma daha kolay uyum sagladiklar1 ve miihendislik ve teknolojiye olan ilgilerinin artti1
sonucuna ulasilmistir. Sonug olarak tiim bunlar goz oOniinde bulunduruldugunda matematiksel
modellemeyi, Ogrencilere Ogrenme siirecinde giinlitk hayatlarinda karsilasabilecekleri problem
durumlarina aktif olarak ¢oziim iiretme firsati veren, dgrencilerin problem becerilerini gelistiren,
ogrencilere birbirlerine saygi duyarak ortak goriis alabilme becerisi kazandiran, 21. yiizyilin
giindeminde olan STEM becerilerini destekleyen, 21. yiizyil problemlerine giincel bir bakis agisiyla
bakan ve gilincelligini korumaya devam edecegini diisiindiigiimiiz bir Ogretim yontemi olarak
tanimlayabiliriz. Bu nedenle calismamizda matematiksel modellemenin Onemini vurgulamak ve
calismalarin  giincelligini nicel verilerle ortaya koymak amaciyla bibliyometrik analiz
gerceklestirilmistir.

Bibliyometrik analiz, belirli bir bilimsel veya teknik konunun dogasii ve etkisini anlamak igin
yayinlanmis arastirma makalelerinde, konferans bildirilerinde ve diger kaynaklarda yer alan biiyiik
miktarda bilgiyi kullanan sistematik bir incelemedir. Bu degerlendirme yaklasimi, bilim, teknoloji, tip
ve sosyal bilimler gibi bir¢ok alanda arastirma ve gelistirme egilimlerini incelemek, dnde gelen yazarlar:
ve kurumlar1 belirlemek, arastirma girisimlerinin etkisini degerlendirmek ve cesitli disiplinlerin
ilerlemesini izlemek igin yaygin olarak kullanilmaktadir (Ioseliani vd., 2023). Bornmann ve Mutz'a
(2015) gore bibliyometrik analiz, belirli bir arastirma alaninin etkisini belirlemek veya degerlendirmek
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i¢in yayn sayisi, atiflar ve yazar sayisi gibi nicel olgiitleri kullanarak literatiirii analiz etme yontemidir
ve bu arastirma yonteminin bes asamasi vardir (Setyaningsih vd., 2018; Tranfield vd., 2003).

Stage 1 Stage 3 Research refinement
Search criteria Slage 2 * WOS: 1,435 documents
Kevwords: Web of science database + Web of Science Core Collection: 1,409 documents

* Dates: until 2017 (included): 993 documents

* drcular economy and Web of Sdence (WOS) " >
i 5 * Only articles: 743 documents

* environment

Stage 5 Stage 4
Exportof final data

Analysis and discusion of results
y All available information in ".txt" format

Sekil 1. Bibliyometrik analiz yontemi Bes adimli bibliyometrik analiz yontemi (Hudha vd., 2020)

Sekil 1, Hudha ve digerleri (2020) tarafindan bibliyometrik analiz i¢in belirtilen bes adimi
gostermektedir. Bibliyometrik analizin ilk asamasinda arastirma konusuna uygun literatiir taramasi
yapilarak uygun anahtar kelimeler belirlenir. Ikinci asama, belirli ozelliklere gére belirlenen ilk
sonuclar icerir. Uciincii asama, arama sonuclarinin filtrelenerek ilk arama sonuclarmnin iyilestirilmesi
sirecidir. Dordiincii asama, toplanan verilerin bir dosya olarak kaydedilmesini, eksik verilerin
belirlenmesini ve verilerin siniflandirilmasini icerir. Analizin son asamasi ise elde edilen nihai verilerin
analizini ve raporlanmasini iermektedir.

Sonug olarak, bibliyometrik analiz ile matematiksel modelleme konusunda hangi alanlarda calismalarin
arttig1, hangi yazarlarin daha popiiler oldugu ya da hangi alt alanlarda daha fazla ihtiya¢ duyuldugu
tespit edilebilmektedir. Bu analizlerin sonugclari arastirmacilara belirli konularda yeni yaklasimlar
gelistirmeleri ya da mevcut problemlere odaklanmalar1 konusunda yol gosterebilmekte, bilimsel
arastirmalarda daha etkin ve yonlendirici ¢calismalar yapilmasina olanak saglamaktadir. Bu nedenle, bu
calisma matematiksel modelleme konusunda bibliyometrik analiz yoluyla giincel bir derleme ¢alismasi
sunmaya calisarak mevcut literatiirdeki 6énemli bir boslugu doldurmay: amaglamaktadir. Bu amag
dogrultusunda asagidaki alt problemlere cevap aranmistir. Buna gore, matematiksel modelleme ile ilgili
bilimsel yaymlar;

1. Yillara gore dagilimi nasildir?

2. Yayin dillerine gore dagilim nasildir?

3. Yazar basina diisen makale sayisina gore dagilim nasildir?
4. Kurumlara veya iiniversitelere gore dagilim nasildir?

5. Dergilere gore dagilim nasildir?

6. Ulkelere gore dagilim nasildir?

7. Yazar ortak atif ag1 nasildir?

8. Yazarlarin bagli olduklar: kurum veya {iniversitelere gore ortak yazarlik agi nasildir?
9. Bolgelere veya tilkelere gore ortak yazarlik ag1 nasildir?

10. Ortak atif yapilan yazarlara gore dagihim nasildir?

11. Ortak atif yapilan kaynaklara gore dagilim nasildir?

12. En sik kullanilan ortak yazarli anahtar kelimeler nelerdir?

2. Yontem
2.1. Aragtirma Modeli

Betimsel arastirma deseninin kullanildigi bu arastirmada matematiksel modelleme iizerine yapilan
calismalarin bibliyometrik harita analizinin yapilmas: amaglanmistir. Bibliyometrik analiz, belirli bir
alandaki yayinlarin o yillardaki yayin sayisi, en ¢ok ¢alisilan konular, en ¢ok katki saglayan kurumlar,
anahtar kelimeler gibi belirli 6zelliklerini analiz eder (Ciftci vd., 2016).
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2.2. Veri Toplama

Matematiksel modelleme ile ilgili bilimsel ¢alismalarin bibliyometrik harita analizi dogrultusunda bilim
diinyasinda yaygin ve kabul goren Web of Science (WoS) veri tabanina ulasilmis ve ilk olarak baslikta
"matematiksel modelleme ve matematiksel modelleme" anahtar kavrami yazilarak 443026 calismaya
ulagilmistir. Arastirmada giincel yayinlarin incelenmesi amaglandigindan arastirma son 10 yil (2013-
2023) ile siurlandirilmistir. Bu smirlama sonucunda 265450 yayina ulasilmistir. Son asama olarak
arastirmay1 egitim alanina indirgemek amaciyla WoS veri tabanindan egitimle ilgili kategoriler
(Education Educational Research, Education Scientific Disciplines, Education Special) se¢ilmis ve sonug
olarak 4576 yayin tespit edilmistir. Buna gore ¢alisma kapsamindaki ilgili yayinlar icin dahil etme-
dislama kriterleri Tablo 1'de sunulmustur.

Tablo 1. Dahil Etme — Hari¢ Tutma Kriterleri

Dahil Etme Kriterleri
Birinci Asama Veritabani WoS (Web of Science Core Collection)
Dizin Hepsi
Tarih 24.12.2023
Anahtar Kavramlar Matematiksel Modelleme, Egitim
Sonug 443 026
Hari¢ Tutma Kriterleri
Ikinci Asama Yil Gegen 10 y1l
Ugiincii Agama Kategori 3329 Egitim / Egitim Arastirmasi
1500 Egitim / Bilimsel Disiplinler
103 Ozel Egitim
Sonug 4576

Tablo 1'e gore arastirmaya bilimsel yayinlarin dahil edilme ve dislanma kriterleri verilmistir.26.12.2023
tarihinde yapilan taramada 2013 yili ve sonrasinda ilgili anahtar ve kriterleri kapsayan toplam 4576
calisma tespit edilmistir. Bu yayinlari 2900'i bilimsel makale, 1620'si bildiri, 180'i kitap boliimii, 130'u
erken erisim ve 35'i derleme makaledir.

2.3. Veri Analizi

Calismada segilen kriterlere gre WoS veri tabanindan elde edilen 4576 ¢alismanin ilk betimsel analizi
gerceklestirilmistir. Bu analizlerin ardindan bilimsel yayinlar arastirmanin alt problemlerine gore
betimsel olarak analiz edilmis ve ilgili gorseller sunularak agiklamalar yapilmistir. Elde edilen veriler
daha sonra VOSviewer programina kaydedilerek atif sayilari, ortak atif, ortak yazarhlik, ortak varolus,
bibliyografik eslestirme analiz tiirlerine gore yazarlara, kurumlara ve tilkelere gore analiz edilmistir.
Buna gore verilerin analiz kriterleri Tablo 2'de sunulmustur.

Tablo 2. Veri Analizinde Kullanilan Analiz Tiir{i, Birim ve Sayim Yo6ntemi

Analiz Tiiri Analiz Birimi Sayim Yontemi
Yazarlar

Ortak Yazarlik Ulkeler
Kuruluglar

Ortak Atiflar Atif Yapilan Yazarlar Tam Saym
Atif Yapilan Referanslar

Ortak (Cakigan) Kavramlar (Anahtar Kelimeler)

2.4. Arastirma ve Yayin Etigi

Calismada, Yiiksekogretim Kurumlar: Bilimsel Arastirma ve Yaymn Etigi Yonergesi'nde belirtilen tiim
kurallara uyulmus ve yonergenin "Bilimsel Aragtirma ve Yayin Etigine Aykir1 Eylemler" baghigmin 2.
boliimiinde yer alan eylemlerin higbiri gerceklestirilmemistir.

2.4.1. Etik Kurul Izni

S6z konusu bilimsel ¢alisma kapsaminda higbir sekilde hicbir canlidan veri elde edilmedigi icin
herhangi bir etik kurul kararina gerek duyulmamustir.
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3. Bulgular

Bu boliimde WoS veri tabanindan elde edilen veriler ve VOSviewer programu ile elde edilen bulgular
sunulmaktadir.

3.1. Matematiksel Modelleme Konulu Bilimsel Yaymlarin Yillara Gore Dagilimi

Egitim alaru ile ilgili anahtar kavramlari iceren matematiksel modelleme konusundaki bilimsel
yayinlarin yillara gore dagilimi Sekil 2'de verilmistir.

6007
550 <
500
450 -
400 —
350~
300
250
200
150+

100~

Z,

2, 2
s %,

0,
£ s %

2, <,
A s

2, 2, b, 2. 2.
% %o % < = <

Sekil 2. Matematiksel Modelleme Matematiksel Modelleme Alanindaki Yayinlarin Yillara Goére Dagilimi

Sekil 2 incelendiginde matematiksel modelleme ile ilgili en fazla yayinin 2018 yilinda (611), en az
yayinin ise 2014 yilinda (279) yapildig: goriilmektedir. Sekil 2 incelendiginde matematiksel modelleme
ile ilgili ¢alismalarin 2018 yilina kadar arttigl, bazi yillarda diisiisler yasansa da 2018 yilindan sonra
matematiksel modelleme ile ilgili yaymlarin azaldifi goriilmektedir. 2018 yilindan sonra yaymn
sayisinda azalma olsa da son yillarda yapilan yayin sayisinin az olmadigini séyleyebiliriz.

3.2. Matematiksel Modelleme Konulu Bilimsel Yayinlarin Yayin Dillerine Gore Dagilimi

Egitim alanu ile ilgili anahtar kavramlar1 iceren matematiksel modelleme konulu bilimsel yayinlarin
dagilimi Sekil 3'te verilmistir.
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Sekil 3. Matematiksel Modelleme Matematiksel Modelleme Konusunda Yapilan Yayinlarin Dillere Goére Dagilimi

Sekil 3 incelendiginde matematiksel modelleme konusunda en fazla yayinin 4117 yaymn ile Ingilizce
oldugu goriilmektedir. Daha sonra Ispanyolca 268, Rusca 59, Almanca 40 yayin bulunmakta ve diger
dillerde neredeyse hi¢ yaym bulunmamaktadir. ingilizce evrensel bilim dili olarak kabul edildigi icin
Ingilizce yayinlarin daha fazla oldugu diisiiniilmektedir.
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3.3. Matematiksel Modelleme Konulu Bilimsel Yayinlarin Yazar Bagina Makale Sayisina Gore Dagilimi

Egitim alaru ile ilgili anahtar kavramlar: igeren matematiksel modelleme konulu bilimsel yaymlarin
yazarlari tarafindan yazilan makale sayilarinin dagilimi Sekil 4'te verilmistir.
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Sekil 4. Matematiksel Modelleme Matematiksel Modelleme Alanindaki Yayinlarin Yazar Basina Makale Sayisina
Gore Dagilimi

Sekil 4'te WoS veri tabaninda ilgili anahtar kavramlar: igeren yaymlar: bulunan 10387 yazardan 25'i
verilmigtir. Web of Science (WoS) veri tabaninda gorsellestirme islemi en fazla 25 veri ile siurlidir.
Arastirmada yer alan 10387 yazar (WoS) veri tabaninda liste halinde sunulmaktadir. Bu nedenle,
aragtirmada daha fazla verinin gosterilebilmesi i¢in en yiiksek gosterim degeri segilmistir. Buna gore
Sekil 4 incelendiginde bu alanda en fazla yayini olan yazarin 24 makale ile Miinster Universitesinden
Stanislaw Schukajlow oldugu goriilmektedir. Gabrielle Kaiser 19 makale ile ikinci sirada, Juan D.
Godino ise 16 makale ile tiglincii sirada yer almaktadir. Yayinlanan makalelere katkida bulunan diger
yazarlar 2 ila 15 arasinda degisen yayin sayilariyla listelenmistir.

3.4. Matematiksel Modelleme Konulu Bilimsel Yayinlarmn Kurumlara veya Universitelere Gére Dagilim1

Egitim alaniyla ilgili anahtar kavramlar: iceren matematiksel modelleme konulu bilimsel yayinlarin
yazarlarinin kurum veya iiniversitelere gore dagilimi Sekil 5'te verilmistir.
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Sekil 5. Matematiksel Modelleme Konulu Yayinlarin Yazarlarmin Bagh Bulunduklar: Kurum veya Universitelere
Gore Dagilimi

Sekil 5'te WoS veri tabaninda ilgili anahtar kavramlari igeren verilerin sonuglarina gore matematiksel
modelleme konusunda yaymlar: bulunan yazarlarin bagh oldugu 3280 kurum veya tiniversiteden 25'i
yer almaktadir. Web of Science (WoS) veri tabaninda gorsellestirme islemi en fazla 25 veri ile stnirhdir.
Arastirmada yer alan 3280 kurum veya tiniversite (WoS) veri tabaninda liste halinde sunulmaktadir. Bu
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nedenle, arastirmada daha fazla verinin gosterilebilmesi i¢in en yiiksek gosterim degeri secilmistir.
Buna gore Sekil 5 incelendiginde bu alanda en fazla bilimsel yaymin 91 yayin ile Universitas Pendidikan
Indonesia'da galigan yazarlar tarafindan yapildigi goriilmektedir. Ikinci sirada 75 yayinla Ukrayna
Egitim Bilimleri Bakanlig1 ve iigiincii sirada 56 yayinla Purdue Universitesi, Purdue Universite Sistemi
ve Purdue Universitesi Bati Lafayette Kampiisii gelmektedir. Tabloda, ilgili alana katki saglayan
yazarlarm baglh olduklar: diger kurum veya iiniversitelerin de 4 ila 53 arasinda degisen sayida makale
ile alana katki sagladiklar1 goriilmektedir. Tiirkiye'deki iiniversiteler arasinda Orta Dogu Teknik
Universitesi 27, Gazi Universitesi 22, Hacettepe Universitesi 18 ve Marmara Universitesi 18 yaymla
alana katki saglamuistir..

3.5. Matematiksel Modelleme Konulu Bilimsel Yayinlarin Dergilere Gére Dagilim1
Egitimle ilgili anahtar kavramlar1 iceren matematiksel modelleme konulu bilimsel yayinlarin, dergilere
veya dergilerin bagli oldugu yayin gruplarina gore dagilimi Sekil 6'da gosterilmistir.

100

0

Sekil 6. Matematiksel Modelleme Alanindaki Yayinlarin Dergilere veya Dergilerin Bagli Bulundugu Yayin
Gruplarma Gore Dagilimi

Sekil 6'da WoS (Web of Science) veri tabaninda matematiksel modelleme egitimi ile ilgili anahtar
kavramlar: igeren bilimsel yayinlarin dergilere veya dergilerin bagl oldugu yayin gruplaria gore
dagilimini gosteren 25 veri sunulmustur. Sekil 6 incelendiginde matematiksel modelleme alaninda en
fazla bilimsel makalenin 808'inin Springer Nature'a ait dergilerde yayimlandig: tespit edilmistir. Taylor
ve Francis grubundaki dergiler 395 makale ile ikinci sirada yer alirken, IOP Publishing Ltd. dergileri
238 makale ile tiglincii sirada yer almaktadir.

Sekil 7'deki ag gorsellestirme haritasi, dergiler arasindaki igbirliginin giictinii gostermektedir. Cizgilerin
kalinhg isbirliginin giiciinii yansitirken, dairelerin boyutu makale sayisini temsil etmektedir. Ayrica,
renkler dergiler arasindaki igbirligi kiimelerini gostermektedir.
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Sekil 7. Matematiksel Modelleme Alanindaki Bilimsel Yayilarin Yayimlandig Dergilere liskin Ag
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Sekil 7'de sunulan ag gorsellestirme haritas1 VOSviewer yazilimi kullamilarak olusturulmustur. Bu
haritada her derginin en az 5 makale ile temsil edildigi ve 1000 dergiden 216'snin bu kriteri karsiladig:
tespit edilmistir. Ancak bu 216 dergiden sadece 130'unun diger dergilerle yayin iliskisi oldugu
goriilmektedir. Sekil 7'ye gore 14 farkli kiimeyi temsil eden bir ag yapisi ortaya ¢ikmistir. Dergilerin
genel olarak birbirleriyle giiclii iligkiler icinde oldugu goriilmektedir.

3.6. Matematiksel Modelleme Alanindaki Bilimsel Yayinlarin Ulkelere Gére Dagilimi

Egitimle ilgili anahtar kavramlar da dahil olmak iizere matematiksel modelleme konusundaki bilimsel
yayinlarin bolge veya iilkelere gore dagilimi Sekil 8'de sunulmustur.
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Sekil 8. Matematiksel Modelleme Konulu Yayinlarin Yaymlandig: Bolge veya Ulkeye Gore Dagilimi

Sekil 8'de, matematiksel modelleme ile ilgili anahtar kavramlari iceren yayinlarin kaynaklandigr 117
bolge veya iilkeden sadece 25'inin WoS veri tabaninda sunuldugu belirtilmektedir. Bu baglamda, en
¢ok bilimsel yayinin 829'unun ABD'de yayinlandig: tespit edilmistir. Cin 378 yayinla ikinci sirada yer
alirken, Endonezya 348 ve Ispanya 203 yaynla sirastyla {ilincii ve dérdiincii sirada yer aldi. Ayrica
sekilde yer almamasina ragmen Tiirkiye'nin 203 yayinla, diger iilkelerin ise 1 ile 324 arasinda degisen
yayin sayilartyla alana katki sagladigi goriiliiyor.

3.7. Matematiksel Modelleme Konulu Bilimsel Yayinlarin Yazar Ortak Atif Ag:

Sekil 9'daki ag gorsellestirme haritasi yazarlarin igbirligi giiciinii temsil etmektedir. Cizgilerin kalinlig1
isbirligi miktarmi yansitirken, dairelerin boyutu yayin sayisini temsil etmektedir. Renkler yazarlarin
isbirligi kiimesini gostermektedir.
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Sekil 9. Matematiksel Modelleme Konulu Yayinlarin Yazarlarmin Ortak Yazarligini Gosteren Ag Goriintiisii
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Sekil 9'da gosterilen ag gorsellestirme haritas1 VOSviewer yazilimi kullanilarak olusturulmustur. Bu
haritada, yazar basina en az iki yayini olan 10387 yazar analiz edilmis ve bu kriteri karsilayan 1318 yazar
belirlenmistir. Daha sonra bu yazarlar arasindan 179 yazarin calismalar1 arasinda anlamh iliskiler
bulunmus ve bu iliskiler 19 farkli kiimeye ayrilmistir. Dairelerin biiyiikliigii en ¢ok yayini olan yazarlar:
temsil etmektedir ve bu baglamda Stanislaw Schukajlaw (23 yayinla birinci sirada), Gabriele Kaiser (18
yayinla ikinci sirada) ve Berta Borquerol (15 yayinla iigiincii sirada) yer almaktadir.

3.8. Yazarlarin Bagl Oldugu Kurum veya Universitelere Gore Matematiksel Modelleme Konusundaki
Bilimsel Yayinlarin Ortak Atif Ag1

Sekil 10'daki ag gorsellestirme haritasi, yazarlarin bagli oldugu kurumlarin veya tiniversitelerin isbirligi
glclinii gostermektedir. Cizgilerin kalinligi kurumlar arasindaki igbirligi miktarmi yansitirken,
dairelerin boyutu her bir kuruma ait makale sayisin1 temsil etmektedir. Ayrica, renkler igbirliklerinin
kiimelenmesini gostermektedir.
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Sekil 10. Yazarlarin Bagh Bulundugu Kurum veya Universitelere Gore Ortak Yazarlik Agini Gosteren A§
Goriintiisii

Sekil 10'daki ag gorsellestirme haritast VOSviewer yazilimi kullanilarak olusturulmustur. Bu haritada,
her kurum veya iiniversite i¢in en az iki yaym sart1 ile 3280 kurum veya iiniversiteden 1123{iniin bu
kriteri karsiladigr tespit edilmistir. Olusturulan ag gorsellestirme haritasinda 734 kurum ya da
tiniversitenin isbirligi i¢cinde oldugu goriilmiistiir. Sekil 10'a bakildiginda ¢ok sayida kiime oldugu,
ancak bu kiimelerin ¢cogunun isbirligi i¢cinde oldugu, sadece pembe ve gri kiimelerin igbirligi agisindan
diger kiimelerden uzak oldugu goriilmektedir.

3.9. Matematiksel Modelleme Alanindaki Bilimsel Yayinlarin Bélge veya Ulkeye Gore Ortak Yazarlik
Ag

Sekil 11'deki ag gorsellestirme haritasi, yazarlarm bulundugu bolge veya {ilkelerin igbirligi giiciinii
yansitmaktadir. Cizgilerin kalinhig isbirligi miktarini gosterirken, dairelerin boyutu her bir bolge veya

iilkede yaymlanan makale sayisini temsil etmektedir. Ayrica, renkler igbirliklerinin kiimelenmesini
gostermektedir.

Sekil 11'deki ag gorsellestirme haritas1 VOSviewer yazilimi kullanularak olusturulmustur. Bu haritada
her bolge veya iilke icin en az iki yayin sarti ile 117 bolge veya iilkeden 86'sinin bu kriteri karsiladig:
tespit edilmistir. ki veya daha fazla yayn kriteri belirlemek, belirli bir bolgenin veya iilkenin akademik
tiretkenligini ve isbirligi aglarim1 daha iyi anlamamiza olanak tanir. Ayrica bu yontem, arastirma
alanindaki egilimlerin ve ortak yazarlik iligkilerinin daha derinlemesine incelenmesini saglamaktadur.
Olusturulan ag gorsellestirme haritasinda 82 bolge veya iilkenin igbirligi icinde oldugu ve bunlarin 10
farkl kiimeye ayrildig1 gozlemlenmistir. Genel olarak {ilkelerin ¢ogunlukla birbirleriyle isbirligi icinde
olduklar: goriilmektedir.
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Sekil 11. Yayinlarin Bélge veya Yazar Ulkesine Gore Ortak Yazarligini Gosteren Ag Goriintiisii
3.10. Matematiksel Modelleme Konulu Bilimsel Yayinlarin Ortak Atif Yapilan Yazarlara Gore Dagilimi

Sekil 12'deki ag gorsellestirme haritasi, yazarlarin yayinlarinda ortak atif yapilan yazarlara gore
dagilmin igbirligi giiciinii gostermektedir. Cizgilerin kalinlig: isbirligi miktarm temsil ederken,

dairelerin boyutu her bir yazarin yayin sayisimi temsil etmektedir. Renkler isbirligi kiimesini
gostermektedir.
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Sekil 12. Atif Yapilan Yazarlarin Ortak Atiflarini Gosteren Ag Goriintiisii
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Sekil 12'deki ag gorsellestirme haritasi, yazarlarin yayinlarinda ortak atif yapilan diger yazarlara gore
dagilimin gostermektedir. Bu haritada 59574 yazardan 705'inin en az 20 yazar atifi kriterini kargiladig1
tespit edilmistir. Yesil, sar1, kirmizi, mavi, mor, turuncu ve agik mavi olmak {iizere yedi farkl kiime
gozlenmektedir. En ¢ok ortak atif alan yazarlar arasinda Blum (692 atif), Kaiser (527 atif) ve Lesh (450
atif) one ¢tkmaktadir.

3.11. Matematiksel Modelleme Konulu Bilimsel Yayinlarin Sik Atif Yapilan Kaynaklara Gore Dagilim

Sekil 13'teki ag gorsellestirme haritasi, yaymnlarin ortak almti yaptifi kaynaklara gore dagilimin
igbirlik¢i gliciinii gostermektedir. Web of Science (WoS) veri tabaninda belirlenen dergilerin isimleri
VOSviewer programinda kisaltilmistir. Cizgilerin kalmnligir kaynaklar arasindaki etkilesimin giictinii
yansitirken, dairelerin boyutu her bir kaynagin kullanim sayisini temsil etmektedir. Renkler anahtar
kelime kiimesini gostermektedir.
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Sekil 13. Ortak Atif Yapilan Kaynaklarin Yayinlara Gore Dagilimint Gosteren Ag Goriintiisii

Atifta bulunulan kaynaklarin ortak atifta bulunmas: agisindan, her bir kaynagin en az 20 atifta
bulunmasi kosuluyla, 48061 kaynaktan 766'stnin bu kriteri karsiladig: tespit edilmistir. En az 20 atifta
bulunmasi kriteri, yalmzca belirli bir etki ve dnem diizeyine ulagmis yayimnlarin dikkate alinmasim
saglar. 20 atif esigi, bir yayin veya kaynak icin yeterli bir akademik taninirlik seviyesini temsil etmekte
olup daha az atifa sahip olan yayinlar, arastirma alanindaki etkilerini yeterince gostermeyebilir. Bu
sayede daha anlamli ve temsilci bir ag gorseli olusturularak, ortak atif iliskilerinin ve isbirliklerinin daha
dogru bir sekilde analiz edilmesine olanak taninmaktadir. Ayrica bu yontem, arastirma alanindaki
egilimlerin ve ortak yazarlik iligkilerinin daha derinlemesine incelenmesini saglamaktadir._Sekil 13'te
sunulan ag gorsellestirme haritasinda bu 766 kaynagin 6 farkli kiimeye ayrildig: goériilmektedir. Bu
harita, yayinlar arasindaki iligkinin giiclii oldugunu ve yakinligin 6nemli oldugunu vurgulamaktadir.
En ¢ok ortak atif alan kaynaklar ZDM - Matematik Egitimi (2586 atif), Matematikte Egitim Calismalar:
(2393 atif), Matematik Egitimi Arastirmalari Dergisi (1862 atif)'dir.

3.12. Matematiksel Modelleme ile {lgili Bilimsel Yayinlarda En Sik Kullanilan Anahtar Kelimeler

Sekil 14'teki ag gorsellestirme haritasi, ilgili yayinlarda en sik kullanilan anahtar kelimeleri ve bu
kelimeler arasindaki iligkileri gostermektedir. Bu haritada ¢izgilerin kalinligi kullamilan anahtar
kelimeler arasindaki etkilesimin giiciinii, dairelerin biiyiikliigli ise her bir anahtar kelimenin kag¢ kez
kullanildigini temsil etmektedir. Ayrica renkler, anahtar kelimelerin ait oldugu kiimeyi gostermektedir.
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Sekil 14. Yayinlarda Anahtar Kelimelerin Birlikte Kullanimina fliskin Ag Goriintiisii

Sekil 14'teki ag gorsellestirme haritasi anahtar kelimelerin birlikte kullanimini gostermektedir. Bu
gorsellestirme haritas1 VOSviewer programi kullanilarak olusturulmus ve en az 5 kez kullanilan
anahtar kelimeler igin incelenen 10611 anahtar kelimeden 472'sinin bu kriteri karsiladif1 tespit
edilmistir. Yayinlarda anahtar kelimelerin birlikte kullanimina iliskin en az 5 kez kullanilma kriterinin
belirlenmesi anahtar kelimelerin arastirma alanindaki dnemini ve etkilesimini daha iyi anlagilmasidir.
Bu kriter, belirli bir anahtar kelimenin arastirma literatiiriinde yeterince yer buldugunu ve belirli bir
konuya iligkin 6nemli bir iligkiyi temsil ettigini gostermektedir. En az 5 kez kullanilan anahtar kelimeler
aragtirmacilar arasinda daha yaygin bir etkilesim ve dikkate alinma diizeyine sahip olup bu durum
anahtar kelimelerin birlikte kullanimini analiz etmede giivenilir bir temel saglamaktadir. Haritada, bu
472 anahtar kelime arasinda en sik kullanilan anahtar kelimeler matematik (mathematics) (225 kez),
matematiksel modelleme (mathematical modelling) (213 kez), matematiksel modelleme (mathematical
modeling) (199 kez), matematik egitimi (mathematical education) (125 kez), problem ¢6zme (problem
solving) (104 kez), modelleme (modelling) (86 kez), modelleme (modeling) (78 kez), matematiksel
model (mathematical model) (68 kez). Ote yandan, matematiksel modelleme ile STEM arasindaki iligki
anahtar kavram kullanimi agisindan yiiksek olmasina ragmen, sadece 30 matematiksel modelleme
yaymmin STEM anahtar kavramini igerdigi goriilmektedir. Bu durum matematiksel modellemenin
STEM baglaminda yapilan ¢alismalar agisindan sinirl oldugunu gostermektedir.

3. Sonucg ve Tartisma

Bu calisma, matematiksel modelleme alanindaki bilimsel yayinlari bibliyometrik bir bakis agisiyla
inceleyerek matematiksel modelleme {izerine yapilan ¢alismalarin gesitli boyutlarmi anlamamizi
saglamaktadir. Matematiksel modelleme, egitim alaninda giindemdeki yerini koruyan bir konu olarak
degerlendirilmektedir (Cakmak Giirel ve Bekdemir, 2022; Didis Kabar ve Inan Tutkun, 2021; Sagiroglu
ve Karatas, 2018; Stender ve Kaiser, 2015; Tekin Dede ve Bukova Giizel, 2023b). Bu ¢alismada, egitimde
kritik teknoloji alanlarmin potansiyel arastirma egilimleri ortaya konmustur. Bu kapsamda WoS veri
tabanindan 4576 makale VOSviewer yazilimi ile analiz edilmistir. Bibliyometrik haritalamanin ilk
sonucu, matematiksel modelleme {izerine yapilan ¢aligmalarmn son 10 yilda artis egilimi gosterdigini
ortaya koymaktadir. Ancak bu artigmm 2018 yilindan itibaren azalan bir trende girdigi dikkat
cekmektedir. Bu da matematiksel modelleme aragtirmalarina belli bir donem yogun ilgi gosterildigini
ve sonrasinda diisiis yasandigini gostermektedir (Erdem vd., 2021). Ancak son yillarda yayimn
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sayisindaki azalma bu alandaki arastirmalarin hala devam ettigi ve alana 6nemli katkilar yapildig1
anlamina gelmektedir (Erdogan, 2019; Kaygisiz ve Aysin-Senel, 2023). Ayrica matematiksel modelleme
ile ilgili yayinlarin biiyiik cogunlugunun ingilizce yapildig: goriilmektedir. Bu da ingﬂizcenin bilimsel
iletisimde hala 6nemli bir rol oynadigini ve bu alandaki arastirmacilarin genellikle uluslararas: bir
kitleye hitap ettigini gostermektedir. Diger dillerdeki yayin sayisinin azlig1 ise bu alandaki literatiiriin
genellikle Ingilizce olarak sekillendigini vurgulamaktadir. Matematiksel modelleme alaninda en fazla
yaymnt olan yazarlar incelendiginde Stanislaw Schukajlow oOne ¢ikmaktadir. Bu durum, belirli
arastirmacilarin matematiksel modelleme alaninda uzmanlastigini ve ¢ok sayida calisma yayimlayarak
bu alana 6nemli katkilarda bulundugunu gostermektedir (Tekin Dede ve Bukova Giizel, 2023a). Ayrica,
yazar bagina diisen makale sayisindaki genis dagilim, bu alandaki arastirmacilarin farkli yogunluklarda
calistigini ve gesitli konularda uzmanlastigini gostermektedir (Kaiser, 2020; Gonzalez-Martin vd. 2021).

Matematiksel modelleme konusundaki yayinlarin tiniversitelere gore dagilimi incelendiginde 6ne ¢ikan
tiniversitelerin genellikle uluslararasi taninirligi olan kurumlar oldugu goriilmektedir (Universitas
Pendidikan Indonesia, Ministry of Education Science of Ukraine, Purdue University ve Purdue
University West Lafayette Campus). Bu da onde gelen iiniversitelerin bu alandaki aragtirmalara
onctiliik ettigini ve 6nemli katkilarda bulundugunu gostermektedir. Tiirkiye'deki bazi {iniversiteler de
(ODTU, Gazi, Hacettepe ve Marmara) bu alanda aktif olarak yer almaktadir (Birgiin ve Oztiirk, 2021;
Oztiirk, 2023).

Springer Nature, Taylor v Francis ve Iop Publishing Ltd. gibi biiyiik yaymevlerinin 6n planda oldugu
goriilmektedir (Cetin vd., 2023; McPherson vd., 2022). Yapilan bibliyometrik analizde de matematiksel
modelleme ile ilgili yaymlarin bu biiyiik yayimnevlerinde yogunlastigi gozlemlenmistir. Bu da soz
konusu yayincilarin bu alanda 6énemli bilimsel yayinlara sahip oldugunu ve bu yayinlara yogun bir ilgi
oldugunu gostermektedir. Ayrica ag gorsellestirme haritasi, dergiler arasindaki igbirligi ve baglantilar:
gostererek bu alandaki yaym agina 1s1ik tutmaktadir.

Matematiksel modelleme ile ilgili yapilan yaymlarda ABD'nin 6nde gelen {ilkeler arasinda yer aldig:
goriilmektedir (Diindar, 2023). Yapilan bibliyometrik analizde de matematiksel modelleme ile ilgili
yayinlarda énde gelen iilkenin ABD oldugu gozlenmistir. Ayrica Cin, Endonezya ve Ispanya gibi
iilkelerin de 6nemli katk: sagladigi goriilmektedir. Yazarlar arasindaki ortak atif agi bagh olduklar:
kurumlara/tiniversitelere gore incelendiginde, farkli yazar gruplarmin ve belirli kurumlarin
birbirleriyle siklikla etkilesim i¢inde olduklar: ve ortak calismalar yiiriittiikleri goriilmektedir. Bu
durum, belirli kurumlarin bu alandaki arastirmalarda birlikte ¢alisma ve ortak projeler yiiriitme
egiliminde oldugunu gostermektedir. Sonug¢ olarak, matematiksel modelleme alanindaki bu
bibliyometrik haritalama ¢aligmasi, bu alandaki aragtirmalara genel bir bakis saglamaktadir. Bulgular,
matematiksel modelleme literatiiriindeki egilimleri, yogunlasmalar1 ve onemli aktorleri anlamamiza
yardimct olmaktadir. Matematiksel modelleme, egitim alaninda 6nemli bir konudur ve bu analiz,
gelecekteki arastirmacilara konuyla ilgili literatiirli anlama ve daha fazla gelisme icin potansiyel
firsatlar1 belirleme konusunda rehberlik edebilecek dnemli bilgiler saglar. Ancak bu galisma sadece
belirli bir zaman dilimini kapsamaktadir ve bu alandaki dinamiklerin daha iyi anlasilabilmesi i¢in
gelecekteki arastirmalarin daha kapsamli olabilir. Gelecekteki arastirmalarin STEM alaninda
matematiksel modellemenin kullanimina daha fazla odaklanmasi da Snerilmektedir. Buna ek olarak,
farkl tilkeler ve kiiltiirler arasindaki yaklagimlar: anlamak igin uluslararas: is birliklerinin artirilmasi
onemlidir. Bu ¢alismanin sinirliliklar: goz oniine alindiginda, gelecekteki arastirmalarin daha kapsamli
olmasi gerekmektedir.
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