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Abstract

In the field of mathematics education, as in many other fields, comprehensive and summative review
studies are an important part of the research that needs to be done in the field. In this way, researchers
can manage their research processes with greater efficacy by accessing the most studied topics and
studies published in SSCI and SCI-Expanded indexed journals from a single source. This study
presents a bibliometric map of qualified studies on mathematical modeling between 2003 and 2023.
After searching Web of Science, 178 articles and reviews were identified. According to the results,
studies on mathematical modeling in mathematics education have increased over the years. It was
found that most of the studies were research articles. One of the key results of the study is that research
on the mathematical modeling process is more prevalent than research on problem-posing. The
results suggest that there is a need for review studies such as systematic reviews, meta-analyses, and
bibliometric analyses. In addition, it can be suggested that problem-posing studies should be included

more in research articles.
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Oz

Bir¢ok alanda oldugu gibi matematik egitimi alaninda da kapsayici ve 6zetleyici derleme ¢aligmalari
bu alanda yapilacak ¢aligmalar i¢in 6nemli bir yere sahiptir. Boylelikle arastirmacilar 6zellikle en
¢ok ¢aligilan konular ve SSCI ve SCI - Extended indeksli dergilerde yayinlanan ¢aligmalara tek bir
kaynaktan eriserek arastirma siireglerini daha etkin yonetebilmektedir. Bu ¢alismada da 2003-2023
yillar1 arasinda matematiksel modelleme konusunda yapilan nitelikli ¢aliymalarin bibliyometrik
haritas1 sunulmugstur. Web of Science veritabaninda taranan arastirma ve derleme calismalar:
belirlenen kriterler gergevesinde incelenmis ve 178 dokiimana ulasilmistir. Sonuglara gore matematik
egitimindeki matematiksel modelleme ¢aligmalar1 giderek artmaktadir. Caligmalarin biyiik bir
boliimiiniin aragtirma makalesi oldugu tespit edilmistir. Arastirmanin ortaya koydugu onemli
sonuglardan biri matematiksel modelleme siireci {izerine yapilan galigmalarin problem kurma
¢alismalarina nazaran daha yogun olmasidir. Sonuglar sistematik derlemeler, meta-analizler ve
bibliyometrik analizler gibi derleme ¢alismalarina ihtiyag oldugunu gostermektedir. Bununla birlikte
aragtirma makalelerinde problem kurma ¢alismalarina biraz daha yer verilmesi 6nerilebilir.

Anahtar Sozciikler: Bibliyometrik analiz, Literatiir taramasi, Haritalama incelemesi, Matematik
egitimi, Matematiksel modelleme

Genis Ozet

Giris

Matematiksel modelleme yaklagimi son yillarda bir¢ok iilkenin farkli kademelerinde 6gretim
programlarini dogrudan ya da dolayli olarak etkilemektedir. Baz1 iilkelerde (Almanya, Amerika
Birlesik Devletleri gibi) ilkokuldan liseye kadar 6gretim programlarinin zorunlu bir pargasi iken bazi
tilkelerde (Tiirkiye, Cin, Giiney Kore gibi) 6gretim programlarini etkileyen 6nemli faktorlerden biridir
(Schukajlow vd., 2018; Borromeo Ferri, 2023). Ornegin, Tiirkiyede dogrudan égretim programinda
yer almasa da 2018den itibaren 6gretmen egitimi programinin bir pargasidir (Yiiksekogretim
Kurulu, 2018a ve 2018b). Bu durum yakin zamanda bu {tilkelerde de matematiksel modellemenin
6gretim programinin bir 6gesi olacaginin bir gostergesi seklinde degerlendirilebilir.

Matematiksel modelleme arastirmalari son birkag on yilda hatir1 sayilir nitelikte artan bir ivmeye
sahiptir. Calisilan konularin matematiksel modelleme yeterlikleri, matematiksel modellemenin
Ogretimi, smif i¢i uygulamalar iizerinde yogunlastigr goriilmektedir. Akademik ¢aligmalardaki
artig yeni ¢alisma alanlarinin ve farkli teorik gercevelerin ortaya ¢ikmasina olanak saglamaktadir.
Aragtirma alanmin genisletilmesi de matematiksel modellemenin daha iyi anlagilmasin,
matematiksel modellemenin 6gretim programlari, ders araglari, 6gretmen egitimi programlari,
hizmet i¢i programlarina entegre edilmesi agisindan 6nemli katki sunmaktadir. Bununla birlikte
modelleme ¢alismalarindaki niceliksel artis maalesef her zaman nitelikli bir etki yaratmamaktadir.
Bu alanda yapilan bir¢ok ¢aligma i¢inden nitelikli olanlar1 belirlemek icin derin bir literatiir taramasi
yapilmalidir. Kapsayici ve 6zetleyici derleme ¢alismalar: bu anlamda 6nemli bir rol tistlenmektedir
(6rn., Schukajlow, Kaiser & Stillman, 2018; Cevikbas, Kaiser & Schukajlow, 2022). Detayl ve iyi
organize edilmis bir literatiir taramasi ilgili alanda yapilacak ¢alismalar i¢in bir yol gostericidir. Bir
aragtirma konusu hakkinda literatiir taramasi yaparken ¢ok sayida ¢alisma i¢inden kaliteli olanlar
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belirlemek gerekli ancak zor ve zaman alic1 bir siirectir. Bu anlamda literatiir taramasi ¢aligmalar1
ilgili alanda bir ¢erceve sunarak aragtirmacilarin isini kolaylastirmaktadir. Boylelikle arastirmacilar
ozellikle en ¢ok ¢aligilan konular ve en etkili yayinlara (ilgili alanda 6nemli arastirmacilar tarafindan
yuritilen veya en ¢ok atif yapilan) tek bir kaynaktan erigserek arastirma siireglerini daha etkin
yonetebilmektedir. Bunun yani sira literatlir taramalar1 alanda daha az ¢aligilan konulari tespit etme
ve eksikleri belirleme firsati sunmaktadir. Arastirma bosluklarini tespit etmek ayni ya da benzer
aragtirmalarin tekrar tekrar yapilmasimnin ontine ge¢mek icin 6nemlidir (Snyder, 2019). Bir¢ok
konuda oldugu gibi matematiksel modelleme odakli ¢alismalarin farkli zaman araliklarinda literatiir
derlemeleri bulunmaktadir (6rn., Sokolowski, 2015; Cevikbas vd., 2022).

Matematiksel modelleme hakkinda yapilan arastirmalarin oldukg¢a genis bir bilesen haritas:
bulunmaktadir. Dolayisiyla her bir bilesen igin sistematik literatiir taramalarinin yapilmasi
miimkiin ve hatta gereklidir. Bununla birlikte matematiksel modellemeye daha genis bir ¢ergeveden
bakabilmek de 6nemlidir. Bu durum dikkate aliarak bu ¢alismanin amaci son 20 yilda nitelikli
matematiksel modelleme arastirmalarinin etki diizeylerini aragtirmak olarak belirlenmistir.
Boylelikle arastirmacilarin matematiksel modelleme alaninda en etkili dergi, yazar ve yayin
bilgilerini toplu halde gérmeleri miimkiin olacaktir. Bu ¢aligma arastirmacilar, 6gretmen ve 6gretmen
adaylar1 i¢in bir kilavuz olabilir. Ayrica etki degeri yiiksek ¢alismalarin bir haritas: aragtirmacilarin
alandaki eksikleri gérmelerini ve hangi hususlarda literatiirii destekleyebilecekleri hakkinda fikir
tiretmelerini saglayacaktir. Bu gerekgeler dogrultusunda arastirma sorusu “Son 20 yilda matematik
egitimi alaninda Social Sciences Citation Index (SSCI) ve Sciences Citation Index - Expanded Indeks
kapsaminda yaymnlanan matematiksel modelleme ¢alismalarinin etki diizeyleri nasildir?” seklinde
belirlenmistir.

Yontem

[lk olarak Pritchard (1969) tarafindan yeni bir sistematik inceleme yaklagimi olarak tanimlanan
bibliyometrik analiz yontemi, ¢ok sayida bilimsel verinin incelenmesine ve analiz edilmesine olanak
tanryan bir tekniktir (Donthu vd., 2021). Bibliyometrik analizin nesnel bakis acisi, bagliklarin,
anahtar kelimelerin, atif sayilarinin ve yaymn indekslerinin nicel verilerine dayanmaktadir. Bu
caliymada yukaridaki bilesenler baglaminda matematiksel modelleme literattiriiniin bibliyometrik
haritas: ¢tkarilmigtir.

Web of Science (WoS), 6nemli bir bilimsel veri tabani olmas ve bibliyometrik verileri farkli dosya
formatlarinda sunmasi nedeniyle bu ¢aligmanin veri kaynagi olarak se¢ilmistir. Bu ¢alismada, 2003-
2023 yillar1 arasinda Web of Science veri tabaninda taranan SSCI ve SCI-EXPANDED indeksli 178
dokiiman analiz edilmistir. Veri tabanina son erisim tarihi 20 Mart 2024’tiir.

Veriler VOSviewer yazilimi kullanilarak analiz edilmistir. VOSviewer boyut, mesafe ve renklere
dayali gorsellestirme haritalar: tiretir. Bu 6zellikler verilerin yorumlanmasi i¢in bilgi verir. Bir diigiim,
yazar, anahtar kelime veya yayin kaynagi gibi belirli bir unsuru temsil eder. Diigtimiin boyutu siklik
miktarmi gosterir. Olay sayisi arttikca diiglimiin boyutu da artar. Diiglimler arasindaki baglanti,
baglantili olduklar1 anlamina gelirken, diigiimler arasindaki mesafe iliskilerinin yogunlugunu
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yansitir. Daha kisa cizgiler daha gliclii baglantilar: gosterirken, daha uzun ¢izgiler daha uzak iliskileri
ifade eder. Her renk ise bir kiimeyi temsil eder (Van Eck & Waltman, 2010).

Bulgular

Bulgular, matematiksel modelleme alanindaki ¢alismalarin nicelik olarak dogrusal bir artis
gostermese de 2015 yilindan giiniimiize kadar bu alanda gozle gériiliir bir yogunlasma oldugunu
gostermektedir. Matematiksel modelleme konusunda en fazla ¢aligmanin (35 yayin) 2018 yilinda
yaymlandig: gorillmektedir. En ¢ok ¢alisma yayinlayan dergiler ise 48 yayin ile ZDM-Mathematics
Education ve 29 yayn ile Educational Studies in Mathematics olmustur.

Anahtar kelime analizine goére, “matematiksel modelleme” 83 atifla en sik kullanilan anahtar
kelime olurken, onu 18 atifla “modelleme”, 13 atifla “problem ¢6zme” ve 10 atifla “matematik egitimi”
takip etmektedir. ZDM-Mathematics Education, incelenen tiim ¢alismalarin dortte birinden fazlasini
(%27) olusturan 48 yayinla en iiretken dergi olmustur. Educational Studies in Mathematics (29 yayin,
9%16,3) ikinci sirada, Mathematical Thinking and Learning (17 yayin, %9,5) ise tiglincii sirada yer
almaktadir.

Yazarlarin iiretkenlik siralamasi yayin ve atif sayilarma gore farkliik gostermektedir. Bu
caliymada yazarlarin tretkenligini belirleyen faktor olarak yayin sayisini dikkate alinmistir. Buna
gore matematiksel modelleme konusunda en ¢ok yayin yapan ve en ¢ok atif alan yazar Stanislaw
Schukajlow olmustur (13 yayn, 315 atif). Onu sekizer makale ile Gabriele Kaiser ve Ayhan Kiirsat
Erbas takip etmektedir. Ayrica, bir yazarin etki faktord, toplam atiflarinin toplam yayinlarina
boliinmesiyle hesaplanmis ve etki degerleri en yiiksek olan yazarlarin Lieven Verschaffel ve Wim
Van Dooren oldugu tespit edilmistir (36,5). Ortak atif analizine dahil edilen 178 yayin i¢in, bir
yayn tarafindan alinan minimum ortak atif sayisi 10 olarak belirlenmistir. Bu esigi atif yapilan 6260
referanstan 56’s1 kargilamistir. Ayni yayinlar tarafindan ortak atif yapilan referanslar 4 kiime halinde

gruplandig goralmistiir.

Bibliyografik baglant1 analizine dahil edilen 328 yazar igin, bir yazara ait minimum yay1n say1s1 5
olarak belirlenmistir. 328 yazar arasindan 9 aragtirmaci bu esigi karsilamis ve ortak referans kullanan
yazarlarin 3 kiime olusturdugu goriilmiistiir. S. Schukajlow diger yazarlarla en giiclii ortak referans

agina sahip olan yazar olmustur.

Tartigma ve Sonug

Matematik egitimi alaninda da diger disiplinlerde oldugu gibi literatiir taramalar1 6zellikle
sistematik incelemeler ve meta-analizler oldukga ilgi gormektedir (Cevikbas et al., 2024; Kaiser
& Schukajlow, 2024). Bu arastirmada ise matematiksel modelleme alaninda yer alan en etkili
caligmalarin sadece birinin (Van Dooren et al., 2008) literatiir taramasi oldugu tespit edilmistir. Bu
sonug sinifli dergilerde matematiksel modelleme hakkinda daha fazla derleme ¢alismalarina ihtiyag
duyuldugunun bir gostergesidir.
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Anahtar kelimeler, aragtirmay:r yansitma potansiyeli olan makaleye 6zgii terimlerdir (Tosun,
2022). Bir ¢alismanin anahtar kelimeleri ve 6zeti ¢aliymanin igerigi ile ilgili genel bir bilgi sunar.
Matematiksel modelleme ¢aligmalarinda kullanilan anahtar sézciikler incelendiginde “matematiksel
modelleme”yi merkeze alan bir harita elde edilmistir. Bu aragtirmanin anahtar sozciikler analizi
matematiksel modelleme aragtirmalarinda “problem ¢6zme” odakli ¢aligmalara “problem kurma”
caligmalarindan daha ¢ok yer verildigini gostermektedir. Ayrica veri setinde yer alan galigmalar
incelendiginde matematiksel modelleme alaninda daha ¢ok 6gretmen ve 6gretmen adaylarinin
problem kurma becerileri tizerine ¢aligma yapildig: tespit edilmistir (6rn. Paolucci & Wessels, 2017;
Villarreal et al., 2018). Matematiksel modelleme 6grencilerin fark edilmeyen yeteneklerini ortaya
¢tkmasint saglayan, problem kurmaya yonelik giizel bir a-didaktik yaklasim 6rnegidir (English,
2020; Lehrer & English, 2018) ancak 6gretmenlerin Ogrencilerin problem kurma becerilerinin
farkindaliklarina iliskin yeterince arastirma yapilmamistir (English, 2020). Bu ¢alismadan elde edilen
sonug benzer durumun matematiksel modelleme ¢aligmalar1 i¢in de gecerli oldugunu gostermektedir.
Ayrica literatiirde Ogrencilerin problem kurma becerileri iizerine uzun yillardir bir¢ok c¢aligma
yapilmasina (English, 2020) ragmen bu aragtirmanin sonuglar1 6grencilerin matematiksel modelleme

problemleri kurma yetkinliklerinin heniiz incelenmedigini gostermektedir.

Matematiksel modelleme alaninda en etkili 10 yazar Almanya, Tirkiye ve Bel¢ikadaki
tiniversitelerde gorev yapmislardir (ya da hala gérev yapmaktadir). Toplam yayin sayis1 dikkate
alindiginda Almanya ve Tirkiye ilk ticte (Amerika Birlesik Devletleri ilk sirada) yer alirken; Bel¢ika
dokuzuncu siradadir. Bu sonu¢ matematiksel modelleme ¢alismalarinda Almanya ve Tiirkiye'nin
olduk¢a 6nemli bir rolii oldugu seklinde yorumlanabilir. Matematiksel modelleme alaninda en
etkili 10 yazardan ikisi (G. Kaiser ve L. Verschaffel) ayn1 zamanda Julies ve arkadagslarinin (2021)
caligmalarinda matematik egitimi arastirmalarinda 1980-2020 arasinda en etkili 20 yazar arasinda

yer almaktadir.

Bu ¢aligmada incelenen 178 yayimin referans listelerinde birlikte referans gosterilen yayimlarin
tespiti i¢in yapilan ortak atif analizi bu ikililerin veri setinde yer almadigini gostermektedir. Bu sonug
su durumu vurgulamak agisindan 6nemlidir: Bibliyometrik incelemelerde ¢alismalar aragtirmacilar
tarafindan belirlenen kriterler dogrultusunda veri setine dahil edilir. Dolayisiyla elde edilen tim
sonuglar bu kriterler dikkate alinarak degerlendirilmelidir. ﬂgili alanda en etkili yazarlar, dergiler
ya da yaymlarin kriterler (6rn., indeks, yaym yili, yayn tiirti) degistirildiginde sonuclarin degismesi
miimkiindiir. Bu ¢aligmada kitap boliimleri aragtirmaya dahil edilmemis ve indeks tiirii SSCI ve SCI-
Expanded ile sinirlandirilmistir. Ortak atif analizinde ilk ti¢ sirada yer alan ikili ¢caligmalardan ¢t
kitap boliimd, ti¢it ise belirlenen zaman araliginda (2003-2023) hentiz SSCI ya da SCI-Expanded
indekslerinde taranmayan bir dergide yayinlanmistir. Bu sonug sonraki arastirmalarda kriterlerin
daha genis tutularak veya farkli kriterler belirlenerek matematiksel modelleme ¢aligmalarinin

bibliyometrik analizinin yapilabilecegi anlamina gelmektedir.
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Introduction

Mathematical modeling is defined as the process of mathematising real-life problems and solving
them (Blum & Niss, 1991; Lesh & Zawojewski, 2007). In this context, the term ‘mathematising” refers
to the act of whole solving process rather than the transfer of problems to the language of mathematics.
Mathematical modeling problems are regarded as a valuable instrument for the cultivation of 21st-
century competencies (Galbraith, 2018). For this reason, in recent years, the mathematical modeling
approach has exerted a direct or indirect influence on the curricula at different levels in numerous
countries. In some countries, such as Germany and the USA, mathematical modeling is a compulsory
part of the curriculum from primary school to high school. In other countries, such as Turkey, China,
and South Korea, it is one of the important factors affecting the curriculum (Schukajlow et al., 2018;
Borromeo Ferri et al., 2023). In Turkey, for instance, although it is not explicitly included in the
curriculum, it has been incorporated into the teacher education program since 2018 (Yiitksekogretim
Kurulu, 2018a, 2018b). This suggests that mathematical modeling may soon become an indispensable
element of the curriculum in these countries as well. Qualified academic studies in the field of
mathematical modeling could facilitate this process.

Mathematical modeling problems are characterized by several key features, including their open-
ended, real-life basis, thought-provoking nature, interpretive flexibility, and capacity to support the
emergence of diverse solutions and models. These attributes have led to the recognition of modeling
problems as an effective tool in mathematics education (Maaf}, 2007; Borromeo Ferri, 2018; Sahin,
2019). Indeed, these are the characteristics that a good mathematical problem should possess (Maaf3,
2007). Consequently, rather than perceiving mathematical modeling as a completely novel approach,
the focus should be on how it can be integrated into education as a good mathematical problem.
However, the fact that mathematical modeling is used in many fields (e.g., mathematics, engineering,
medicine, economics) with different contents and purposes in line with different perspectives also
affects the determination of its role in education. In the field of mathematics education, the fact that
the definition and purposes of mathematical modeling vary according to the perspectives hinders
the formation of a common understanding. It is important to note that what is meant here is not to
create a uniform understanding of mathematical modeling. According to different perspectives, the
purpose of mathematical modeling and modeling processes may vary. It is therefore important to
be aware of these differences. One of the main reasons for the confusion in the literature is that the
distinctive features of the perspectives are not understood or ignored. Failure to make this distinction
leads to uncertainty about how to integrate mathematical modeling into education. There are studies
in which the purposes of the perspectives are elucidated and exemplified, and the similarities and
differences between them are revealed (e.g. Sahin et al., 2023; Kaiser & Sriraman, 2006). Sahin et
al. (2023) delineate the objectives and structures of mathematical modeling activities from diverse
vantages, offering illustrative examples from the literature. An understanding of these perspectives
will assist in determining the role and purpose of mathematical modeling in education.

There has been a notable increase in the quantity of mathematical modeling research conducted
over the past few decades. It can be observed that the subjects under investigation are focused on
mathematical modeling competencies, the teaching of mathematical modeling, and the applications
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of mathematical modeling in the classroom. The expansion of academic studies is of great significance
in terms of the expansion of the field, which is achieved through the introduction of new fields
of study and different theoretical frameworks, as well as the integration of mathematical modeling
into curricula, course tools, teacher education programs, and in-service programs. Nevertheless, it is
regrettable that the quantitative expansion of mathematical modeling studies does not always result
in the desired outcome. A comprehensive literature review is necessary to identify the most qualified
studies within this field. Comprehensive and summarising review studies play an important role in this
context (e.g., Schukajlow, Kaiser & Stillman, 2018; Cevikbas et al., 2022). A comprehensive and well-
structured literature review serves as a foundation for subsequent studies within the relevant field.
Conducting a literature review on a research topic is a necessary but challenging and time-consuming
process, as it involves identifying the most suitable studies from a large number of available ones. In
this context, literature reviews serve to facilitate the work of researchers by providing a framework
within the relevant field. Consequently, researchers can streamline their research processes by
accessing the most studied topics and the most effective (the most cited or studied by important
researchers in the relevant field) publications from a single source. Furthermore, literature reviews
provide the opportunity to identify less studied topics within the field and identify gaps in the existing
literature. It is of paramount importance to identify research gaps to prevent the same or similar
research from being conducted repeatedly (Snyder, 2019). As is the case in many other disciplines,
there are reviews of the literature on mathematical modeling studies at different time intervals (e.g.,
Sokolowski, 2015; Cevikbas et al., 2022). Cevikbas et al. (2022) conducted a comprehensive analysis
of 75 studies on modeling competencies published in reputable databases over the past two decades.
The investigation also considered how modeling competencies were measured and the applications
or suggestions made for the development of competencies, taking into account criteria such as the
type of studies, methods, participant level, and activities used. As the researchers noted, although
a comprehensive search of as many databases as possible was conducted, it cannot be guaranteed
that all relevant studies in this field have been identified. This is one of the inherent limitations of
systematic literature reviews. Nevertheless, this study provides a comprehensive overview of how
mathematical modeling competencies are addressed and in which areas researchers should expand
the field in the context of the studies examined. The field of research on mathematical modeling is
characterized by a very large component map. Consequently, it is both feasible and imperative to
conduct systematic literature reviews for each component. However, it is also important to consider
mathematical modeling from a broader perspective. In light of the aforementioned considerations,
the objective of this study is to ascertain the impact levels of qualified mathematical modeling
research over the past 20 years. Consequently, researchers will be able to identify the most influential
journals, authors, and publications in the field of mathematical modeling collectively. This study
may serve as a valuable resource for researchers, educators, and those considering a career in
education. Furthermore, a map of high-impact studies will enable researchers to identify areas of
deficiency in the field and generate ideas about which issues they can support in the literature. In
light of the aforementioned considerations, the research question was formulated as follows: “How
have the impact levels of mathematical modeling studies published in the last 20 years within the
field of mathematics education within the scope of the Social Sciences Citation Index (SSCI) and
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the Sciences Citation Index — Expanded Index?” The research will examine mathematical modeling
studies published within the scope of SSCI and SCI-Expanded Index in the field of mathematics

education in the last 20 years. The answers to the undermentioned questions will be sought.
1. What is the distribution according to years?
2. What is the distribution according to keywords?
3. What is the distribution according to sources (journals)?
4. What is the distribution according to the authors?
5. What is the distribution according to the number of publications and citations?

6. What is the distribution according to countries?

Methodology

The bibliometric analysis method, initially defined by Pritchard (1969) as a novel systematic
review approach, is a technique that permits the examination and analysis of substantial quantities
of scientific data (Donthu et al.,, 2021). This method, which has gained considerable traction in
numerous disciplines in recent times, is employed to ascertain the prevailing trends in the literature,
thereby elucidating the intellectual structure of the pertinent fields (Verma & Gustafsson, 2020). The
objective point of view of bibliometric analysis is based on the quantitative data of titles, keywords,
the number of citations, and indexes of publications.

The bibliometric analysis method employs two fundamental techniques: performance analysis
and scientific mapping. In the context of performance analysis, the vast majority of quantitative data
associated with publications can be utilised as criteria. The principal topics under consideration are
publication-related measures, citation-related measures, and measures combining both publication
and citation data. In performance analysis, the combination of publications and citations is employed
to assess the performance of research components (Donthu et al., 2021). Performance analysis can be
considered a tag for researchers, publications, or journals. This imprint allows for the contribution of
the relevant research components to the field to be revealed descriptively (Cobo et al., 2011; Donthu
et al,, 2021). Scientific mapping examines the relationship between research components (Cobo et
al., 2011; Donthu et al., 2021). The fundamental principles and explanations of scientific mapping are
outlined below (Donthu et al., 2021):

Citation analysis. Analyzing the relationships among publications by identifying the most

influential publications in a research field.

Co-citation analysis. Analyzing the relationships among cited publications to understand the
development of the foundational themes in a research field.

Bibliographic coupling. Analyzing the relationships among citing publications to understand the
periodical or present development of themes in a research field.
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Co-word analysis. Exploring the existing or future relationships among topics in a research field

by focusing on the written content of the publication itself.

Co-authorship analysis. Examining the social interactions or relationships among authors and

their affiliations and equivalent impacts on the development of the research field.

It can be argued that the foundations of mathematical modeling studies were established during
the period following Polya’s (1944) introduction of a novel approach to problem-solving. In light of
its historical development, it is evident that this field has experienced a significant growth spurt since
the 2000s. Consequently, it is prudent to examine the publications of the past twenty years. The Web
of Science was selected as the data source for this study due to its status as an important scientific
database and the availability of bibliometric data in different file formats. In this study, 178 SSCI and
SCI-EXPANDED-indexed documents scanned in the Web of Science database between 2003 and
2023 were analyzed. The date of access to the database is 20 March 2024. The studies included in the

analysis were selected according to the following criteria:

Table 1. Criteria of document selection

Category Criteria

Publication years 2003-2023

Document types Article or Review Articles

WoS Categories Education Educational Research, Education Scientific Disciplines or Social Sciences
Interdisciplinary

Citation Topic Meso  Education & Educational Research or Remote Research & Education

WoS Index Social Sciences Citation Index (SSCI) or Science Citation Index Expanded (SCI-EXPANDED)

Languages English

Research areas Education Educational Research

The topic was determined as “mathematical model*” or “modeling” or “modelling” and
the keywords “mathematical model*” (298 publications), “mathematical model* competenc*”
(13 publications), “model-eliciting” (19 publications), “real-world problems” (15 publications),
“mathematics education” (122 publications), which are frequently used in mathematical modeling
studies, were searched separately, maintaining the topic criteria constant. A total of 386 publications

remained after duplication.

Mathematical modeling is a concept that has different characteristics in many fields. In this
study, it is specifically examined in the context of mathematics education. Although the database was
searched with customized keywords, the researcher conducted a manual review of all the studies and
found that 178 publications out of 386 publications met the specified criteria. A general overview of

the included studies is presented in Table 2.
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Table 2. Overview of the included studies

Category Result
Total included documents 178
Publication years 2003-2023
Authors 334
Countries 38
Keywords 532
Sources (journals) 38

The data were analysed using the VOSviewer software. VOSviewer produces visualization maps
based on size, distance, and colors. These characteristics give information to the interpretation of
data. A node represents a specific element, such as author, keyword, or source of publications. The
size of the node indicates the amount of frequency. As the number of occurrences increases, so
does the size of the node. The link between the nodes means they are connected, while the distance
between nodes reflects the density of their relationship. Shorter lines denote stronger connections,
whereas longer lines signify more distant relationships. Each color represents a cluster (Van Eck &
Waltman, 2010).

Results

In this study, a bibliometric analysis of mathematical modeling studies with its use in the field of
mathematics education between 2003 and 2023 was conducted. Within the preceding two decades,
38 journals published studies on mathematical modeling. Figure 1 shows the top ten journals that
have published articles on mathematical modeling, along with the corresponding year of publication.
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Figure 1. Distribution of studies by journal and year

It is observed that the highest number of studies on mathematical modeling (35 publications)
were published in 2018. The most prolific journals to publish the largest number of studies were
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ZDM-Mathematics Education with 48 publications and Educational Studies in Mathematics with 29
publications. Although the number of studies in the field of mathematical modeling has not increased
linearly, there has been a noticeable intensification since 2015. The maximum number of studies was
reached in 2018, followed by a decrease in the following three years (2019-2021). However, there
has been a recent increase in the last two years (2022-2023). Considering the years with the highest
number of publications, it is possible to talk about the major impact of a certain journal each year.
For instance, in 2018, ZDM-Mathematics Education made a significant contribution to mathematical
modeling research with 27 publications, and in 2022, Educational Studies in Mathematics made a
significant contribution to the field with 12 publications, while Mathematics Thinking and Learning
had the same effect in 2023 with 11 publications. It is well documented that these journals published
special issues on mathematical modeling in the relevant years.

Keywords and co-word analysis

To understand the thematic content of the studies examined, frequently used keywords were
determined and co-word analysis was performed. A total of 532 keywords were used in 178 studies
which means an average of 2.99 keywords for each study. The fact that keywords were not used in
each study reduced the average. According to the keyword analysis, “mathematical modeling (n=51)",

“mathematical modelling (n=32)", “problem-solving (n=13)” and “mathematics education (n=10)"
were the most frequently used keywords. Figure 2 shows the co-word analysis of the keywords (34
keywords) used at least 3 times in the same studies. Figure 2 shows that the word “mathematical
modeling,” which is the most frequently used one is mostly used together with the words “model-
eliciting activities”, “rate of change”, and “quantitative reasoning”. Similarly, one of the most frequently

used keywords is “mathematical modelling” which is mostly used together with the words “inquiry-

» «

based learning”, “numeracy”, and “stem education” Figure 2 also shows the co-word analysis of
keywords composed of 8 clusters.
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Figure 2. Most commonly used co-words
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In studies on mathematical modeling in mathematics education, mathematical modeling is
used phonetically in different ways. The biggest discrepancy is between ‘mathematical modelling’
and ‘mathematical modeling. In addition, depending on the modeling perspective, the name of
the activities may differ (e.g. model-eliciting activities). Sometimes only the term “modelling” or
“modeling” is used. All “modelling” words in the data file were updated to “modeling” and data re-
analysed (Figure 3).
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Figure 3. Most commonly used co-words (revised)
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Figure 4. Distribution of the most used co-words by year
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According to the new keyword analysis, “mathematical modeling” is the most frequently used
keyword with 83 citations, followed by “modeling” with 18 citations, “problem-solving” with 13
citations, and “mathematics education” with 10 citations. The keyword analysis of this study indicates
that studies focusing on problem-solving are more prevalent than those focusing on problem-posing
in mathematical modeling research.

The distribution of keywords by year is shown in Figure 4. The keywords used in the studies in
the dataset change from purple to yellow from old to new. The keyword map shows that prominent
keywords in the studies published before 2016 are “professional development” (4 citations), “prospective
teachers” (4 citations) and “problem-solving” (13 citations), whereas after 2020 prominent keywords are
“STEM education” (7 citations), “teacher noticing” (3 citations), “modeling competenc*” (9 citations),
“computational thinking” (4 citations) and “quantitative reasoning” (3 citations).

Most Productive Journals

A total of 38 journals have contributed to the publication of 178 articles on mathematical
modeling in mathematics education. Table 3 shows the top 10 productive journals based on total
publication (TP) and total citation (TC).

Table 3. Top 10 most productive journals in mathematical modeling

Journal TP (%) TC
ZDM-Mathematics Education 48 (27 %) 733
Educational Studies in Mathematics 29 (16.3 %) 394
Mathematical Thinking and Learning 17 (9.5 %) 112
International Journal of Science and Mathematics Education 15 (8.4 %) 77
Educational Sciences-Theory & Practice 12 (6.7 %) 53
Eurasia Journal of Mathematics Science and Technology Education 10 (5.6 %) 73
Journal for Research in Mathematics Education 6(3.4%) 299
Journal of Engineering Education 5(2.8) 77
Journal of Mathematics Teacher Education 3 (1.7 %) 8
Education and Science 3 (1.7 %) 11

Table 3 shows that ZDM-Mathematics Education journal is the most prolific journal, contributing
48 publications, which accounts for more than a quarter (27 %) of the total articles found on
mathematical modeling. It is followed by Educational Studies in Mathematics (29 publications,
16.3 %), Mathematical Thinking and Learning (17 publications, 9.5 %), and International Journal
of Science and Mathematics Education (15 publications, 8.4 %). Based on the citations, ZDM-
Mathematics Education (733 citations) and Educational Studies in Mathematics (394 citations) are
the most cited sources. Following them is the Journal for Research in Mathematics, with 299 citations
(6 publications, 3.4 %).

Most Prolific Authors

Table 4 presents the top ten authors out of 334 researchers ranked by the number of articles and
citations. The ranking of authors’ effectiveness varies based on the number of publications and citations.
163



Seda SAHIN

The study considers the number of publications as the factor in determining the prolific of authors.
The author with the highest number of published articles on mathematical modeling and with the
highest number of citations is Stanislaw Schukajlow from the University of Munster in Germany (13
publications, 315 citations). Gabriele Kaiser and Ayhan Kursat Erbas follow him with 8 articles each.
Additionally, the impact factor of an author was calculated by dividing their total citations by their
total publications. When the impact values of the authors are analyzed, Lieven Verschaffel and Wim
Van Dooren share the first place (36.5). The studies of these researchers are common and emphasize
that the mathematical modeling process is cyclical. In particular, one of the most important features
that distinguish mathematical modeling from traditional problems is the problem-solving process.
Therefore, it is usual that many researchers working in this field frequently benefit from these studies.

Table 4. Most prolific authors

Author TP TC TC/TP Affiliation

Schukajlow, Stanislaw 13 315 24.23 University of Munster

Kaiser, Gabriele 8 133 16.62 University of Hamburg

Erbas, Ayhan Kursat 8 67 8.37 Middle East Technical University
Verschaffel, Lieven 6 219 36.50 KU Leuven

Van Dooren, Wim 6 219 36.50 KU Leuven

Krawitz, Janina 5 57 11.40 Universitdt Paderborn

Kertil, Mahmut 5 45 9 Marmara University

Cetinkaya, Bulent 5 45 9 Middle East Technical University
Vorhoelter, Katrin 5 50 10 University of Hamburg

Maass, Katja 4 127 31.75 University of Education Freiburg

The relationships of the most influential authors with other researchers are determined with co-
author analysis (Figure 5).
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Figure 4. Co-author networks
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Figure 5 presents the collaborative networking between authors. Clusters represent groups of
authors who frequently collaborate in publishing articles. For instance, G. Kaiser is at the center
of the purple cluster and has collaborated with 12 authors, 5 of whom are in the same cluster. The
presence of researchers belonging to multiple clusters indicates strong collaboration with authors
both within and outside of their respective clusters. According to this analysis, K. Vorhoelter played
an important role in promoting mathematical modeling-related research efforts, where the author is
involved in three clusters (pink, green, and purple). Additionally, it should be noted that varying sizes
of nodes next to each author’s name indicate the frequency of collaborations they have participated

in.
Most Prolific Documents

Table 5 shows the top ten most-cited articles respectively, which were published by several
journals. This more or less indicates that two journals (ZDM-Mathematics Education and Journal for
Research in Mathematics Education) have taken the studies of mathematical modeling as important
research foci. The table shows that “A modeling perspective on students’ mathematical reasoning
about data” by Doerr and English (2003) is reported to have the highest number of cited references,
leading to 113 citations. The second-highest cited reference is Verschaffel et al’s (2020) study, “Word
problems in mathematics education: a survey” with 95 citations in WoS, followed by Maass et al.
(2019), the study titled “The Role of Mathematics in interdisciplinary STEM education” with 85

citations.

Table 5. Most cited documents

Citations
Auth Ti
uthors itle Journal (Wos)
Doerr and English A modeling perspective on students’ Journal for Research in 13
(2003) mathematical reasoning about data Mathematics Education
Verschaffel et al, (2020) Word problems in mathematics education: a ZDM—Mathematlcs 95
survey Education
The Role of Mathematics in interdisciplinary ~ ZDM-Mathematics
M 1. (201
aass et al. (2019) STEM education Education 8
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linearity
Empirical research on teaching and learning .
Schukajlow et al. (2018)  of mathematical modelling: a survey on the ZDM—Mathemach 53
Education
current state-of-the-art
A problem-solvi 1fi k
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8 P gnng p POSIE " Mathematics
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Students’ Overuse of Proportionality on Journal for Research in
Van Dooren et al. (2009) Missing-Value Problems: How Numbers May 38

Change Solutions

Mathematics Education
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The mathematical disposition of structural Journal for Research in

Gainsburg (2007) engineers Mathematics Education 38
Make a drawing. Effects of strategic
Rellensmann et al. knowledge, drawing accuracy, and type of Educational Studies in 37
(2017) drawing on students’ mathematical modelling Mathematics
performance
Slower algebra students meet faster tools: Journal for Research in
Yerushalmy (2006) Solving algebra word problems with graphing 33

Mathematics Education
software

Figure 5 displays the bibliometric map of 79 publications that have received at least 5 citations

and are linked to other publications.
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Figure 6. Network of cited documents

Figure 6 illustrates that there are 14 clusters comprising a total of 79 publications that meet the
specified conditions. When hovering over each node in the Vosviewer program, the publications to
which it is linked are highlighted and other publications remain in the background. By following
the linking paths, it is possible to determine which studies are connected (newer studies referencing

older studies).

Co-citation analysis establishes a link between two research units if they both appear in another
bibliography. A visualization of the co-citation network shown in Figure 7 reveals the most co-cited

documents.
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Figure 7. Co-citations of documents

For the 178 publications included in the co-citation analysis, the minimum number of co-

citations received by a publication was set at 10. Out of 6260 cited references, 56 references met this

threshold to be included in the co-citation network. As can be seen in Figure 7, the references that

were co-cited by the same publications were grouped into 4 clusters. Documents that receive more

co-citations tend to be closer together in the visualization. Three of the clusters are relatively larger

than the yellow cluster in the center of the visualization.

In the documents analysed in this study, the most cited study pairs and the common aspects of

the studies are shown in Table 6 together with the link strength.

Table 6. Most strength co-cited documents

Documents

Co-content Link Strenght

Principles for Developing Thought-Revealing
Activities for Students and Teachers
(Lesh et al., 2000)

Foundations of a model and modeling
perspective on mathematics teaching, learning,
and problem-solving

(Lesh & Doerr, 2003).

Lesh et al. (2000) describe six principles of model-
eliciting activities. In the second study, three model-
eliciting activities are presented in which these six
principles are put into practice. Both studies are
based on the “Model and Modeling Perspective”
which is one of the modeling approaches.

21
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A framework for identifying student blockages
during transitions in the modelling process
(Galbraith & Stillman, 2006)

How do students and teachers deal with
modelling problems
(Blum & Leiss, 2007)

The first research aims to create, test, and refine a
framework that can identify potential obstacles for
students during transitions between stages in the
modeling process.

20

A global survey of international perspectives on
modelling in mathematics education
(Kaiser & Sriraman, 2006)

What are modelling competencies?
(Maass, 2006)

Kaiser and Sriraman (2006) analyse the debate

on modeling from different perspectives and

highlighted the similarities and differences between

these perspectives. Maass (2006) defined modeling
competencies through an empirical study. Although 19
he did not directly emphasize mathematical

modeling perspectives like Kaiser and Sriraman

(2006), he discussed the theoretical structure of the
modeling process according to different approaches.

Three of the studies listed in Table 6 are book chapters (Lesh et al., 2000; Lesh & Doerr, 2003;

Blum & Leiss, 2007). The remaining three studies are included in a special issue of ZDM - The

International Journal on Mathematics Education, which has been scanned in Web of Science but not

yet in SSCI or SCI-Expanded as of the date of publication. Therefore, the data set for this study does

not include any of the most co-cited publications.

Most Prolific Countries

Table 7 presents the distribution of publications related to mathematical modeling in mathematics

education across 38 countries. The results indicate that the USA has the highest number of articles

on mathematical modeling, with 40 documents and 611 citations. Germany is the second most

productive country with 39 TPC and 674 TCC, followed by Turkey (34 TPC, 147 TCC), and Australia

(19 TPC, 409 TCC).

Table 7. Most prolific countries

Country Total Publications of a Country Total Citations of a Country
(TPC) (TCC)

USA 40 611
Germany 39 674
Turkey 34 147
Australia 19 409
Spain 10 163
China 9 65
Israel 8 75
Sweden 7 98
Belgium 6 219
South Korea 6 36
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Referring to Table 7, the total publications of the top-10 countries are 178. It does not necessarily
mean that 28 countries that have not been mentioned in Table 7 have no publications. VOSviewer
shows that there are 232 publications in total according to the countries. This indicates that 54
publications are joint publications of more than one country. This analysis demonstrates that some
studies (max 54) are the product of collaboration between at least two authors, from different
countries. For instance, in the study ‘The Role of Mathematics in Interdisciplinary STEM Education’
published by Maass, Geiger, Ariza, and Goos (2019), four researchers from different countries,
and the same study was counted separately for each country during the analysis process. Figure 8
illustrates the bibliometric map of international collaboration between the selected 25 countries (13

countries have no collaboration), clustered per country.
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Figure 8. International collaboration between countries

Bibliographic Coupling

For the 334 authors included in the bibliographic coupling analysis, the minimum number of
documents of an author was set to 5. Out of 334 authors, 9 researchers met this threshold to have
a co-referenced network. Figure 9 shows that the authors who use co-reference form 3 clusters. S.

Schukajlow, who has the strongest co-reference network with other authors, is in the red cluster.
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Figure 9. Bibliographic coupling of authors

B. Cetinkaya, A.K. Erbas, and M. Kertil have collaborated on four occasions. In addition,
Cetinkaya and Erbas were involved in one study together. A total of three publications were identified
in which these three researchers did not collaborate with the other two. The studies conducted by all
three of them together or independently of each other are mainly focused on pre-service teachers’
mathematical modeling skills. It is therefore unsurprising that the number of common references is
high. A similar situation is observed for other researchers with high bibliographic matching levels.

Discussion

This study tried to determine a bibliometric view of the scientific articles on mathematical
modeling between 2003-2023. Mathematical modeling is a concept that varies in content and
application in many fields. This study examined review and research articles published in SSCI
and SCI-expanded indexed journals in the Web of Science Core Collection database in the field of
mathematics education. To create the data set, various filters (keyword, field of study, publication
language, etc.) as well as a manual review were performed and 178 documents that met the conditions
were reached.

The results indicate a growing trend in mathematical modeling studies between 2003 and 2023.
The fact that journals include special issues on mathematical modeling is indicative of the importance
accorded to this field. ZDM-Mathematics Education, which was the most prolific journal, contributed
the greatest number of publications to the literature (48 publications, 733 citations). This journal also
boasts the highest number of publications in a single year, with 27 in 2018, including a special issue.
The second most prolific journal in terms of both publications and citations is Educational Studies
in Mathematics (29 publications, 394 citations), followed by Mathematical Thinking and Learning
(17 publications, 112 citations).
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Keywords are specific terms that have the potential to reflect the research (Tosun, 2024). The
keywords and abstract of a study provide the reader with a general overview of the content of the
study. Upon examination of the keywords utilized in mathematical modeling studies, a map centered
on the term “mathematical modeling” was generated. The term “mathematical modeling” is subject
to variation in phonetic transcription, with alternative forms including “mathematical modelling”
and “mathematical modeling”. Furthermore, the term is open to interpretation in terms of alternative
concepts, with the use of “modelling/modeling” or “mathematical modeling activity” being permitted
instead of the original term. The keywords map indicates that a wide range of alternatives should
be considered when searching in this field. Nevertheless, the keywords “mathematics education”
(10 citations) and “modelling/modeling” (18 citations) are inclusive concepts. Consequently, they
fail to provide sufficient commentary on the content of the studies. Although they are used less
frequently, the keywords used other than these provide information about the content of the study.
The keyword analysis of this study indicates that studies focusing on problem-solving are more
prevalent than those focusing on problem-posing in mathematical modeling research. Furthermore,
an examination of the studies in the data set revealed that a greater number of studies were conducted
on the problem-posing skills of teachers and pre-service teachers in mathematical modeling (e.g.
Paolucci & Wessels, 2017; Villarreal et al., 2018). Mathematical modeling represents a case in
point of an a-didactic approach to problem posing that enables students to reveal their hitherto
unrecognized abilities (English, 2020; Lehrer & English, 2018). However, there has been a paucity
of research on teachers’ awareness of students’ problem-posing skills (English, 2020). The findings
of this study indicate that the observed phenomenon is also applicable to mathematical modeling
studies. Furthermore, although numerous studies have been conducted on students’ problem-posing
skills in the literature for several years (English, 2020), the results of this study demonstrate that
students’ competencies in posing mathematical modeling problems have not yet been examined.
In addition, when analyzing the distribution of keywords by year, some keywords come to the fore.
For example, in the studies conducted in 2013-2016, studies dealing with teacher competencies with
keywords such as professional development, teacher education, and prospective teachers come to the
fore. In more recent years, on the other hand, studies with keywords such as modeling competencies,
teacher noticing, computational thinking, and quantitative reasoning, which mostly examine
students’ mathematical modeling processes and cognitive skills, stand out. These findings suggest
that keywords play an effective role in determining the trend of mathematical modeling studies.

The top 10 most prolific authors in the field of mathematical modeling were (or still are) from
universities in Germany, Turkey, and Belgium. When considering the total number of publications,
Germany and Turkey are again in the top three, with the United States topping the list. Belgium is in
ninth place. This result can be interpreted as indicating that Germany and Turkey play a pivotal role
in mathematical modeling studies. S. Schukajlow, who is the most prolific author, and the researchers
with whom he has been in contact are particularly interested in mathematical modeling competencies.
Researchers who have conducted systematic literature reviews in this field (e.g., Schukajlow et al.,
2018; Cevikbas et al., 2022) have also conducted experimental studies investigating the factors that
influence mathematical modeling competencies. For example, the relationship between reading
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comprehension and modeling competence (Krawitz et al., 2022), the relationship between problem-
posing skills and modeling competence (Hartmann et al., 2021), and the relationship between
drawing strategies and mathematical modeling competence (Rellensmann et al., 2023; Rellensmann
et al,, 2017, 2020) are prominent studies. Among these studies, ‘Empirical research on teaching and
learning of mathematical modelling: a survey on the current state-of-the-art’ (Schukajlow et al.,
2018) ranks fifth in the list of most cited publications with 53 citations; ‘Make a drawing. Effects of
strategic knowledge, drawing accuracy, and type of drawing on students’ mathematical modelling
performance’ (Rellensmann et al., 2017) ranks ninth with 37 citations (see Table 5). S. Schukajlow is
then followed by G. Kaiser, who has published eight articles and received 133 citations. Two of the
ten most influential authors in the field of mathematical modeling (G. Kaiser and L. Verschaffel) are
among the twenty most prolific authors in mathematics education research between 1980 and 2020,
as reported by Julie et al. The average number of citations per publication (TC/TP) of the authors
is also considered. This reveals that L. Verschaffel and W. Van Dooren rank first with an impact
value of 36.5 (six publications, 219 citations) (see Table 4). The studies of these two authors that
were analyzed within the scope of this study were all conducted by the same researchers. The fact
that they did not limit their studies to mathematical modeling and that they theoretically addressed
the transition process from problem-solving to mathematical modeling from many aspects (such
as problem types, problem-solving process, and cognitive thinking levels) constitutes an important
basis for experimental studies (e.g., Verschaffel et al., 2020; Degrande et al., 2018). These reasons
have resulted in them being the authors with the second-highest number of citations in the most
influential authors ranking. Indeed, three of their works are among the top 10 most influential
publications, as evidenced by the following rankings: Verschaffel et al. (2020), ranked second with
95 citations; Van Dooren et al. (2008), ranked fourth with 65 citations; and Van Dooren et al. (2009),
ranked seventh with 38 citations.

As is the case in other disciplines, literature reviews, in particular systematic reviews and meta-
analyses, are of great interest in the field of mathematics education (Cevikbas et al., 2024; Kaiser
& Schukajlow, 2024). This study identified only one of the most prolific studies in the field of
mathematical modeling as a literature review. The detected study was conducted by Van Dooren
and his colleagues in 2008. This result indicates a need for further review studies on mathematical
modeling in classified journals.

In this study, a search was conducted to identify the publications cited together in the reference
lists of 178 publications analyzed in this study. The co-citation analysis revealed that these pairs
were not included in the dataset. This result is important to emphasize the following situation: in
bibliometric analyses, studies are included in the data set according to the criteria determined by
the researchers. Therefore, all results obtained should be evaluated by considering these criteria. The
most prolific authors, journals, or publications in the relevant field may change when the criteria
(e.g. index, publication year, publication type) are changed. In this study, book chapters were not
included and the WoS index type was limited to SSCI and SCI-Expanded. In the co-citation analysis,
three of the top three pairs of studies were book chapters and three were published in a journal that
was not yet indexed in SSCI or SCI-Expanded indexes during the specified period (2003-2023). This
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indicates that future bibliometric analyses of mathematical modeling studies may be conducted by
broadening the criteria or by determining different criteria.

Limitations and Conclusion

In spite of its contributions, this study has some limitations. Firstly, the database selected, WoS,
is one of the most important bibliographic databases in the world, but this study is limited to articles
published in journals indexed in SSCI and SCI-Expanded. Furthermore, the study selected articles
and review articles as the document type. A multi-source search among different databases and a
wider range of mathematical modeling-related articles, either written in English or otherwise, will
make the research more convincing. It is important to note that as mathematical modeling has
different definitions and functions in many scientific fields, it was not possible to prevent studies from
different fields from being included in the dataset, despite the tailored criteria. For this reason, the
author also conducted a manual review of the dataset to identify studies in the field of mathematics
education. Despite the care taken in this process, small variations in the number of publications are
possible.

In conclusion, I recommend some of the prominent suggestions based on the results of the
research as follows:

o The use of either of the terms “modelling” and “modeling” (preferably “modeling”) in
mathematical modeling studies, which have the same conceptual meaning, may facilitate

literature reviews.

o Mathematical modeling problem-posing studies can be focused more on students’ problem-
posing skills and teachers’ awareness of students’ problem-posing skills.

o A systematic review, meta-analysis, or bibliometric analysis of the literature focusing on
mathematical modeling and specific aspects of modeling (e.g. modeling skills, the role of
the teacher in teaching modeling, and the role and importance of mathematical modeling in
other disciplines) is required.
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