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Kullanmilarak Capraz Veri Tabanh Bir Bibliyometrik Analiz

Mehmet Altan KURNAZ!

Ozet

Anahtar Kelimeler

Bu calisma, fizik ve matematik arasindaki etkilesimi ifade
eden “Fizik—-Matematik Baglantisi”na iliskin olarak 2000-2025
yillar1 arasinda yayimlanan bilimsel literatiirii, ‘Web of
Science’ ve ‘Scopus’ veri tabanlarindan elde edilen veriler
lizerinden bibliyometrik yontemler kullanarak
etmektedir. Arastirmanin amaci, alanin yaymn oriintiilerini,

analiz

kavramsal gelisimini, temel arastirma temalarini ve kiiresel is
birligi aglarini haritalamaktir. Bulgular, bu alandaki yaymn
sayisinun 2009 yilindan itibaren belirgin bir artis gosterdigini
ve calismalarin biiylik 6lclide egitim odakli dergilerde
yogunlastigini
baslangicta genel kavramlara odaklanan arastirmalarin
zamanla STEM egitimi, matematiksel temsiller ve 6z-yeterlik
gibi daha 6zgiil, uygulamaya ve pedagojik boyuta yonelik

ortaya koymaktadir. Tematik analizler,

temalara evrildigini gostermektedir. Akademik iiretkenlik
agisindan Amerika Birlesik Devletleri 6ncii konumundayken,
uluslararast is birligi oranlarinin diisiik olmasi, alanin kiiresel
is birligi potansiyelinin yeterince
degerlendirilmedigine isaret etmektedir. Bu ¢alisma, alanin
mevcut durumuna iliskin stratejik i¢godriiler sunmakta ve

heniiz

gelecekteki aragtirmalar ile uygulamalara yonelik yonelimleri
ortaya koymaktadir.
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Mapping the Physics-Mathematics Nexus: A Cross-Database
Bibliometric Analysis Using R-Studio

Abstract Keywords
This study analyzes the scientific literature from 2000 to 2025 Bibliometric Analysis
concerning the intersection of physics and mathematics, Physics-Mathematics Nexus
termed the "Physics-Mathematics Nexus," using bibliometric R-Studio
methods applied to data from the Web of Science and Scopus Scopus
databases. The aim was to map the field's publication WoS
patterns, conceptual evolution, key research themes, and

global collaboration networks. Findings reveal a significant About Article
increase in publications in this area starting from 2009, with a

concentration in education-focused journals. Thematic Sending Date: 12.02.2026
analyses indicate an initial evolution from general concepts to Acceptance Date: 24.03.2026
more specific, applied, and pedagogical themes, such as Electronic Issue Date: 25.06.2026

STEM education, mathematical representations, and self-
efficacy. Although the United States leads in academic
productivity, the low international collaboration rate suggests
that the global collaboration potential has not yet been fully
utilized. This analysis offers strategic insights into the current
state of the field and directions for future research and
practice. DOI: 10.54979/turkegitimdergisi.1887711

INTRODUCTION

In today's research ecosystem, where scientific knowledge is rapidly expanding and
interdisciplinary approaches are gaining increasing importance, understanding the
interactions and intersections between different scientific disciplines has become critical.
Physics and mathematics, since their inception, have been intertwined, mutually nourishing,
and guiding each other's development. Mathematics forms the language of physics, while
physics has presented new problems and areas of abstraction to mathematics. The intrinsic
seated between physics and mathematics is widely recognized in academic discourse (Hitchin,
2007; Uhden, Karam, Pietrocola, & Pospiech, 2012), establishing what is commonly identified
as a 'Physics-Mathematics Nexus' within interdisciplinary research. This study aims to unveil
the nexus's structure, development, and dynamics within the scientific literature through a
systematic bibliometric analysis. The rationale for such research stems from its multi-
dimensional benefits, such as filling gaps in existing literature, providing domain-specific
knowledge, and offering strategic direction for future research. There is a lack of a
comprehensive and quantitative overview of the scientific output regarding this complex
relationship between physics and mathematics. While researchers have conducted focused
studies in specific subfields, systematic analyses presenting the field's general trends,
prominent themes, important sources, and global collaboration patterns from a holistic
perspective are limited. This deficiency creates a challenge for both newcomers to the field and
existing experts in fully grasping and positioning themselves within the intellectual structure
of the area. In this context, bibliometric analysis is an ideal methodology to fill this gap by

681Sayfa



Tiirkiye Egitim Dergisi 2026, Cilt 11, Say1 1, s. 67-87 M.A Kurnaz

examining large volumes of scientific datasets using objective and reproducible methods
(Moral-Mufioz et al., 2020; Zupic & Cater, 2015). In this regard, questions concerning how the
relationship between physics and mathematics is represented in scientific literature, which
themes stand out, and in what direction global research trends are progressing are critically
important for understanding the field's future development. Past literature reviews and
syntheses have often focused on specific topics or been limited to qualitative approaches. For
instance, some studies have examined students' perceptions of the relationship between
physics and mathematics, while others have focused on the pedagogical applications of
mathematical modeling in physics. However, there is a lack of comprehensive work on the
large-scale bibliometric mapping of the physics-mathematics nexus and the dynamic
examination of its thematic evolution. This deficiency makes it difficult to systematically
understand the overall structure of the field, its collaboration networks, and its conceptual
development. Bibliometric analysis can map a research field's intellectual structure and
evolution through key metrics such as publication patterns, keyword dynamics, and
collaboration networks (Cobo et al., 2011). In the literature, fundamental indicators around the
"Physics-Mathematics Nexus," such as the growth rate of scientific production over time,
fluctuations in publication numbers, and received citations, are often fragmented. This study
will present the quantitative development and impact of the field by showing article and
citation trends over a specific period. Furthermore, identifying the most cited articles and the
most productive journals will highlight key reference points in the literature and the platforms
where knowledge is most widely disseminated, allowing researchers easy access to the most
influential works and resources. Such a quantitative overview is essential for understanding
the maturity level of the field and its place within the academic community. Moreover, due to
the nature of interdisciplinary fields, research themes can change over time, new concepts can
emerge, and the importance of older concepts can diminish. This study will identify the core
conceptual clusters of the field by analyzing the co-occurrence networks of keywords in article
abstracts and titles. Revealing how conceptual foci such as "educational research,”" "teacher
practices,” "student learning processes,” "STEM education,” "problem-solving," and
"mathematical representations” are interrelated will provide a better understanding of the
intellectual structure in the field. Furthermore, through diachronic analysis of keyword trends
and thematic maps, determining how these conceptual clusters have evolved -which themes
are "motor" (central and developed), "niche" (specialized), "basic" (developing), and
"declining"- will offer strategic insights to researchers regarding future topics (Cobo et al.,
2011). This will enable new researchers to identify current and potential research gaps in the
field quickly. Furthermore, collaboration in science is vital for knowledge dissemination and
innovation. This study will map global collaboration networks within the "Physics-
Mathematics Nexus" by examining cross-country co-authorship relationships. It will seek
answers to questions such as which countries are the most productive, which have strong
collaborative ties, and which regions are less integrated into international collaboration
networks. Such an analysis provides valuable information for funding agencies and
policymakers to identify potential international partnership opportunities and encourage
research in underrepresented regions. Moreover, identifying the most influential countries can
also enable inferences about those countries' scientific strategies and success factors in this
field. The strong connection between physics and mathematics carries significant pedagogical
implications, especially for applied fields such as educational sciences and engineering
education. This study will reveal which teaching approaches, learning processes, and
cognitive factors (e.g., "self-efficacy," "decision-making") play a central role in research within
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this nexus, providing evidence-based information for educators and curriculum developers.
Examining the factors affecting students' success in physics and mathematics can help address
the challenges encountered in teaching these subjects. A bibliometric analysis of deeply
interconnected interdisciplinary fields like the "Physics-Mathematics Nexus" can serve as a
methodological model for mapping interdisciplinary studies in general. This work will
provide a concrete example for understanding how different disciplines come together to form
a new research area and how this area has been shaped over time. In conclusion, this
bibliometric analysis study will fill the gaps in the existing literature by offering a deep,
quantitative, and systematic perspective on the scientific knowledge base in the "Physics-
Mathematics Nexus" field. By revealing the field's core dynamics, key themes, global actors,
and collaboration patterns, it is important to provide researchers, educators, policymakers,
and funding agencies with a solid foundation and strategic insights for future steps in this
complex and vital area. Such a study will provide domain-specific knowledge and contribute
as a valuable practical application example to science mapping methodologies. Given the
explanations above, the purpose of this study is to determine the publication patterns, the
temporal evolution of keyword themes, the emerging key research foci through thematic
maps, cross-country collaboration networks, and the most influential publication sources and
countries, all through a bibliometric analysis of the scientific literature at the intersection of
physics and mathematics. Unlike traditional qualitative reviews, this study employs a
bibliometric lens in the introduction to justify the necessity of a systematic, data-driven
mapping of the Physics-Mathematics Nexus, which serves as the methodological framework
of the research. Consequently, this study aims to provide valuable insights to researchers,
educators, and policymakers by presenting a comprehensive, quantitative, and systematic
view of the relationship between physics and mathematics in scientific literature. The findings
will contribute to identifying future research foci, encouraging interdisciplinary
collaborations, and developing educational programs. Specifically, the integrated use of two
major databases and the dynamic analysis of thematic evolution distinguish this study from
existing literature.

METHOD

To achieve the objectives of this study, a systematic search and data analysis process was
adopted, utilizing two internationally respected bibliographic databases: Web of Science
(WoS) and Scopus. These databases were chosen because they cover many scientific
publications, index high-quality journals and conference proceedings, and provide the
necessary metadata fields (author, title, abstract, keywords, citations, etc.) for bibliometric
analyses. Using two different databases aimed to minimize potential single-database bias,
thereby obtaining a more comprehensive and reliable dataset (Falagas et al., 2008; Mongeon &
Paul-Hus, 2016). The workflow of the study is visualized in Figure 1.
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Figure 1. Data Sources Search Strategy

As seen in Figure 1, the search strategy was designed to focus on the theme of "Mapping
the Physics-Mathematics Nexus." Expert subject knowledge and preliminary literature
reviews supported the keyword identification process. Specifically, search queries were
structured using a broad set of Boolean operators containing key terms in relevant fields. For
example, "physics" AND "mathematics" terms were combined to examine the intersections in
physics education and mathematics education. Related terms such as "education" OR
"teaching" OR "learning" were also included in the search criteria. The search criteria were
determined as follows:

oLanguage of Study: English. This criterion was applied because the vast majority of
scientific publications are in English, and it ensures international validity.

oDocument Type: Only peer-reviewed articles were included. This was done to
guarantee the scientific quality and depth of the study. Document types such as editorial notes,
book chapters, Early Access, and Proceedings Papers were excluded.

oTime Period: 2000-2025. This timeframe was preferred to capture current trends and
developments in the field, as well as because bibliometric databases offer more standardized
and comprehensive metadata for this period.

All relevant records obtained from the WoS and Scopus databases using the defined
search strategy were downloaded. The downloaded data were in BibTeX and CSV formats
and were subsequently processed to be suitable for analysis. Following the data collection
process, a comprehensive preprocessing stage was applied to ensure the consistency and
accuracy of the dataset. The following steps were taken during this stage:

(i) Application of Inclusion and Exclusion Criteria: In addition to the initially
determined search criteria, an additional filtering process was applied by thoroughly
examining the titles and abstracts of the retrieved articles. This manual filtering is critical to
ensure the articles focus on the "Physics-Mathematics Nexus." The inclusion and exclusion
criteria detailed in Table 1 guided this filtering process (Jia, Sun, & Looi, 2023). These criteria
ensured the elimination of articles that did not align with the specific focus of the study.
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(if) Data Merging: Records downloaded from WoS and Scopus were merged into a
single dataset using the R programming language. The bibliometrix package (Aria &
Cuccurullo, 2017) was specifically used for this process. The bibliometrix package has
powerful functions enabling easy integration of bibliographic data from different databases.

(iii) Detection and Removal of Duplicate Records: Potential duplicate records in the
merged dataset were identified and removed. This process prevents the same publication from
being listed multiple times in different databases and enhances the accuracy of the analyses
(Aria & Cuccurullo, 2017).

At the end of this meticulous preprocessing, 101 studies suitable for analysis were
identified.

Table 1. Inclusion and Exclusion Criteria

Attribute Criteria Explanation
Inclusion - Study field is the Physics-Mathematics Nexus.  Included articles must satisfy
Criteria - Full text is available. all of these criteria.

- Not related to the Physics-Mathematics Nexus.
- Out-of-scope work (Editorial Notes, Book

Exclusi An article satisfyi f
X,C us‘lon Chapters, Early Access, Proceeding Papers). far IC, ¢ s.a I,S ying any o
Criteria . . these criteria is excluded.
- Not related to physics education.
- Missing values (title, abstract, keywords, etc.)
Data Analysis Methods

A comprehensive set of bibliometric analyses was performed on the prepared dataset
using the R programming language and various bibliometric packages, primarily bibliometrix
(Aria & Cuccurullo, 2017). These analyses aimed to reveal the connection within the scientific
literature between physics and mathematics, including publication patterns, keyword themes,
collaboration networks, and trends over time. The main analysis methods applied and the
categories of findings associated with these analyses are presented belowr:

(i) Scientific Production Analyses: Annual publication and citation trends were
examined to determine the field's development and impact. Additionally, the most cited
articles and most relevant journals were identified.

(ii) Keyword Analyses: Co-occurrence networks of abstract keywords were created
to identify the field's core themes, conceptual structures, and research trends (Cobo et al., 2011;
Van Eck & Waltman, 2010). These analyses were visualized through diachronic networks of
keywords, trend topics, and thematic maps; furthermore, a Sankey diagram showing the
relationships between titles, keywords, and sources was presented.

(iii) Countries/Regions Analyses: A world map of international collaboration was
created, and the most influential countries were identified to examine international
collaboration patterns and geographical contributions.

R (version 4.5.1) and relevant R packages were used for all analyses. Additionally, in the
interpretation [text editing, consistency control (figure/table-text alignment, text-text
alignment)] of the findings obtained in this study, interactive consultation processes were
carried out with an Al-powered language model (Gemini) within ethical guidelines. This
approach played a supportive role in ensuring content consistency.
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Ethical Issues

This study was conducted in accordance with research and publication ethics, as it relied
solely on openly accessible secondary data obtained from the Web of Science and Scopus
databases and did not involve human participants, personal data, or any experimental
intervention.

RESULTS

This section presents the quantitative findings of the "Mapping the Physics-Mathematics
Nexus" bibliometric analysis. The analysis focused on key aspects of the study, including main
information from the descriptive bibliometric analysis, scientific production, keyword themes,
and country/region contributions.

Descriptive Bibliometric Analysis

Table 2 presents the main descriptive data from the bibliometric analysis titled "Mapping
the Physics-Mathematics Nexus.".

Table 2. The main information

Description Results
Timespan 2001-2025
Sources 63
Documents 101
Annual Growth Rate % 9,05
Document Average Age 6,89
Average citations per doc 7,455
Author's Keywords (DE) 352
Authors 457
Authors of single-authored docs 15
Single-authored docs 16
Co-Authors per Doc 5,27
International co-authorships % 5,941

The analysis covers 101 documents published between 2001 and 2025, distributed across
63 sources. The field's annual growth rate of 9.05% indicates increasing scientific interest in the
intersection of physics and mathematics. The average age of documents at 6.89 years, and an
average of 7.455 citations per document demonstrates the dataset's recency and impact on the
literature. The presence of 352 author keywords and 457 authors highlights conceptual
diversity and broad researcher participation within the field. An average of 5.27 co-authors
per document and a low 5.941% international co-authorship rate reveal that research in this
area is characterized by limited collaboration. However, there is still undeveloped potential
for international partnerships.

Scientific Production

Figure 2 is a time series graph illustrating the annual distribution of articles published
in the "Physics-Mathematics Nexus" field between 2001 and 2025. Upon examining the graph,
it is observed that the field initially (2001-2008) showed low publication numbers with
significant fluctuations; in some years (e.g., 2002, 2004, 2006, 2008), there were either no
publications or very few. However, a noticeable upward trend began from 2009, reaching its
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first significant peak in 2015 with 10 articles. Between 2016 and 2022, the number of
publications fluctuated between 5 and 7, but a second peak of 10 articles occurred again in
2023. Although a slight downward trend is observed towards 2024 and 2025, publication levels
in these years remain high compared to stagnant periods. Overall, the graph indicates that
scientific interest in the field has fluctuated but shows a long-term increasing trend, with
intensive research periods particularly in 2015 and 2023.

Articles

0
003
2005
0
2009
2011
2013
2015
201
2019
0
2023
0:

Figure 1. The Physics-Mathematics Nexus Publications Years

Figure 3 illustrates the annual distribution of total citations received by publications in
the "Physics-Mathematics Nexus" field between 2001 and 2024. The graph reveals that the
field's citation impact has followed a highly fluctuating course: an early peak of 4 citations
occurred in 2001, followed by a sharp decline, with the number of citations falling below 1 in
2005-2006. From 2008 to 2020, citation counts generally remained low (between 0 and 1) and
volatile, with no significant increase observed during this period. However, a recovery began
in 2021, and a notable rise to approximately 2.4 citations was seen in 2022. Although a decline
followed this increase in 2023 and 2024, the graph generally indicates that the citation impact
in the field is shaped by specific key publications or periodic increases in interest, and it has
not shown consistent growth.
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Figure 2. Citations of the Physics-Mathematics Nexus Publications per Year

Figure 4 presents the top 10 most cited articles and their global citation counts. This
graph highlights the most influential and foundational works in the field. According to the
graph, Meltzer (2002)'s article stands out as the most cited publication with 157 citations,
suggesting it is a cornerstone reference in the physics-mathematics relationship literature.
Other significant articles include Veloo, Nor, & Khalid (2015) in International Education
Studies (38 citations), Basson (2002) in International Journal of Mathematical Education in
Science and Technology (36 citations), and Karam (2014) in Physical Review Special Topics-
Physics Education Research (34 citations). The rest of the list comprises Yik et al. (2022) in
International Journal of STEM Education (29 citations), Reis et al. (2011) in International
Journal of Science and Mathematics Education (28 citations), Michelsen (2015) in Physics
Education (27 citations), Caballero et al. (2015) in European Journal of Physics (24 citations),
Branchetti, Cattabriga & Levrini (2019) in Physical Review Physics Education Research (15
citations), and Miron & Staicu (2010) in Romanian Reports in Physics (15 citations). This
distribution indicates that the citation impact within the field is primarily concentrated in a
single pioneering work. However, more recent publications are also increasingly gaining
citations and growing their influence.
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Figure 3. Most Global Cited Documents

Table 3 presents the journals with the highest scientific publications in the "Physics-
Mathematics Nexus" field. This table indicates that the relevant literature is concentrated in
journals focused on education sciences, physics education, and mathematics education,
primarily Science & Education (10 articles), followed by Physics Education (7 articles), and
Education Sciences (6 articles). Additionally, journals such as EJMSTE, FE, IJSME, and PRPER
have each made significant contributions with three articles. Including journals covering
broader disciplines, such as CJSMTE, EJEE, and FP, each with two articles, reveals that the
field deepens within specific educational disciplines and intersects with other areas like
engineering education and psychology.

Table 3. Most Relevant Sources

Sources Articles
Science & Education SE 10
Physics Education PE 7
Education Sciences ES 6
Eurasia Journal of Mathematics, Science and Technology Education EJMSTE 3
Frontiers in Education FE 3
International Journal of Science and Mathematics Education IJSME 3
Physical Review Physics Education Research PRPER 3
Canadian Journal of Science, Mathematics and Technology Education CJSMTE 2
European Journal of Engineering Education EJEE 2
Frontiers in Psychology FP 2
Keywords

Figure 5 is a co-occurrence network map showing the relationships between article abstracts'
most frequently co-occurring keywords. Node sizes represent the frequency of words, while
the lines between them represent the frequency of co-occurrence, and colors indicate six
different thematic clusters. These clusters reveal the main research foci in the field and how
they are connected: The purple cluster (e.g., "physics education"”, "education research",
"mathematical knowledge") relates to physics education and fundamental concepts; the red

76 1Sayfa



Tiirkiye Egitim Dergisi 2026, Cilt 11, Say1 1, s. 67-87 M.A Kurnaz

ron "non

cluster (e.g., "physics teachers",
teaching practices; the light blue cluster (e.g., "learning physics", "physics students",
"mathematics education") to student learning processes and mathematics education; the
orange cluster (e.g., "stem education", "technology engineering science technology",
learning") to broader STEM education and technology integration; the brown cluster (e.g.,
", "physics achievement”, "students attitude") to achievement tests
and student attitudes; and the green cluster (e.g., "secondary school", "school students",
"physics problem-solving") focuses on middle/high school students and problem-solving.
Overall, this network map demonstrates that "Physics-Mathematics Nexus" research
encompasses a theoretical relationship and many practical and pedagogical dimensions such
as physics education, student learning, teacher roles, achievement assessment, and STEM

physics teaching”, "upper-secondary school") to teacher and

non

active

"mathematics achievement",

education.

h@lcs edu;:atloa

Ieaen%g P! ysncgh‘érs

physics courses

y ‘technel®gy engineering
eauoTon science technology

Figure 4. Co-occurrence Network in Abstracts

Figure 6 presents the diachronic network of keyword themes, based on 2011, 2015, 2020, and
2025. Each sub-graph visualizes keyword frequency with node size and co-occurrence strength
with link thickness, while colors reveal the evolution of thematic clusters over time. In the 2011
period, the network structure is quite sparse, showing a dominance of more general and
fundamental concepts like "science" and "knowledge." By 2015, the complexity of the network
increases; the word "mathematics" notably grows and takes a central position, and pedagogical
elements like "pre-service teachers" become prominent. In the 2020 period, the field's focus
becomes even clearer, with the trio of "mathematics,”" "science," and "education" forming the
core. Concepts related to education and learning processes, such as "teaching," "learning," and
"epistemological beliefs," emerge as strong clusters. In the 2025 view, while these core concepts
maintain their centrality, the network's scope has expanded. It is observed that a more in-
depth and diverse research landscape has formed, integrating cognitive and application-
oriented concepts like "problem solving" and "decision-making," as well as modern tools such
as "technology." This diachronic analysis strikingly demonstrates how the "Physics-
Mathematics Nexus" field has grown quantitatively and developed its research focus, thematic
depth, and emphasis on pedagogical approaches over time.
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Figure 5. Diachronic Network of keywords by periods (Sources: Author’s Elaboration using
Biblioshiny)

Figure 7 is a trend graph visualizing keywords' temporal popularity and trends, with words
on the vertical axis and years on the horizontal axis. Each horizontal line for a word indicates
its active period, while the size and color of the dot on it represent its usage frequency in that
year. The graph shows that the field was initially (2013-2017) associated with more general
and fundamental concepts such as "views," "conceptions," "history," "interdisciplinary,"
"knowledge," and "science." However, from 2018 onwards, the popularity of pedagogical and
student-focused terms like "education," "learning," "blended learning," "teaching," and
"students" increased. Particularly around 2019-2020, core disciplines like "physics” and
"mathematics" peaked with high frequencies, indicating the field's direct focus on these two
subjects. From 2022 onwards, terms including more specific, applied, and psychological

"non

factors such as "STEM," "calculus," "STEM education," "representations," and "self-efficacy"
began to rise. Notably, "self-efficacy" and "representations" reached their highest frequencies
in 2024-2025, reflecting the field's recent evolution. Overall, the graph demonstrates that the
"Physics-Mathematics Nexus" literature has undergone a dynamic thematic journey, evolving
from its conceptual and historical beginnings, through pedagogical processes and student
experiences, towards contemporary STEM education and psychological factors.
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Figure 6. Keywords trend topics

Figure 8 is a thematic map that presents keyword themes in the "Physics-Mathematics Nexus"
field by positioning them according to centrality (relevance degree) and density (development
degree) dimensions. The horizontal axis shows a theme's external connections with other
themes and its importance in the field (centrality). In contrast, the vertical axis shows how
strongly the words within the theme are related to each other (density). The map is divided
into four main quadrants according to these two axes: "Motor Themes" (top right) have both
high internal cohesion (density) and strong connections to other themes (centrality),
representing the main and developed core research topics of the field (e.g., "mathematics
education", "education”, "physics education", "learning"”, "stem education"). "Niche Themes"
(top left), despite having high internal cohesion (density), are less directly connected to other
general themes in the field (low centrality); this makes them well-defined within themselves,
but more specialized topics focused on a specific sub-area (e.g., "calculus", "self-efficacy",

non

"representations", "curriculum emphasis"). "Basic Themes" (bottom right) are low density but
high centrality (e.g., "physics mathematics”, "teaching", "interdisciplinarity", "attitude towards
physics"), signifying fundamental topics for the field whose internal structure is not yet fully
developed. Finally, "Emerging or Declining Themes" (bottom left) are both low density and
low centrality (e.g., "conceptions"”, "views", "history"), indicating peripheral topics that are
either newly emerging and not yet established or have lost importance over time. This map

comprehensively presents the strategic importance and development level of research topics
in the field.
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Figure 7. Thematic Map of Keywords

Figure 9 is a three-field Sankey diagram illustrating the relationships between publications'
keywords (DE), title words (TI_TM), and sources (SO: Journals). The diagram visualizes the
strength of connections between these three categories through the bands' thickness,
representing the flow from left to right. In the left column, dominant keywords such as
"mathematics,” "physics," "teaching," and "mathematics education” stand out. The middle
column displays titles or thematic words like "physics,” "mathematics,” "learning,"” "students,"
and "teaching." The right column lists the most relevant journals in the field, including "physics
education,
example, that the keywords "mathematics" and "physics" are strongly associated with titles
primarily containing "physics" and "mathematics”" themes, and that these studies are largely
published in "physics education” and "science & education" journals. Furthermore, it is
observed that more pedagogical keywords like "teaching" and "mathematics education” are
linked to title/theme words such as "teaching," "education," and "teachers," and these
publications are also concentrated in similar education journals. This visual reveals the

non

"noan

non

science & education," and "education sciences." The diagram clearly shows, for

complex, quantitative connections among research topics (keywords), the main themes of
publications (titles), and the platforms where these studies are published (journals), providing
a deeper understanding of the field's core publication patterns.
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Countries/Regions

Figure 10 is a world map that geographically visualizes international collaboration
networks among countries in research. Different shades of blue on the map indicate the
density of a country's publications or contributions in the field (darker blue signifies more
contributions). In contrast, the thin lines between countries represent co-authorships among
researchers and, thus, scientific collaboration links.
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Figure 9. Collaboration World Map
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Figure 10 shows that countries, primarily the United States (US), some Western
European countries (e.g., Germany, UK, Netherlands), Indonesia, and China, are collaborating
in the field. Notably, there are somewhat denser collaboration networks between the US and
European countries, and connections exist between these countries and other regions like
Chile and China. The fact that a large part of the African continent and Central Asia appear
less active on the map or have sparse collaboration links suggests that these regions are either
not yet sufficiently involved in international collaborations in this field or are less represented
in the dataset. Overall, this map clearly illustrates the global distribution of scientific research
at the intersection of physics and mathematics and the dynamics of international collaboration.
Accordingly, a low level of active global collaboration can be noted. Table 4 presents the top
10 most contributing and influential countries, along with metrics such as total articles (TA),
number of articles with corresponding author (NA), single-country publications (SCP), multi-
country publications (MCP), ratio of multi-country publications (MCP_Ratio), total citations
(©), and average citations per article (AAC).

Table 4. Most influential countries

Country TA* NA* SCP* MCP* MCP_Ratio* C* AAC*
USA 50 12 12 0 0 252 21.0
Belgium 21 3 0 3 100 9 3.0
Indonesia 15 4 4 0 0 11 2.8
Italy 14 4 4 0 0 24 6.0
Germany 13 5 4 1 20 40 8.0
Spain 13 3 3 0 0 10 3.3
Brazil 10 3 3 0 0 6 2.0
China 10 4 4 0 0 14 35
Netherlands 10 4 4 0 0 10 5.0
Sweden 10 4 4 0 0 30 7.5

TA*-Total Articles, NA*-Number of Articles with Corresponding Authors, SCP*-Single Country
Publications, MCP*-Multiple Country Publications, MCP_Ratio*-MCP/Articles, C*-Citations, AAC*-
Average Article Citations

The United States (US) is the undisputed leader in academic productivity and impact
within the field, boasting 50 total articles (TA*) and a high average citation count (AAC¥) of
21.0 per article. The zero values for the US's MCP* and MCP_Ratio* suggest that international
collaborations are determined based on the corresponding author's country. This indicates that
publications by corresponding authors in the US reflect solo work or collaborations exclusively
with other US authors. In contrast, international collaborations seen in other maps likely occur
through corresponding authors from different countries. Belgium shows significant
productivity with 21 total articles, but it stands out because all three articles where the
corresponding author is from Belgium (NA*=3, MCP*=3) are international collaborations
(100% MCP_Ratio*). This indicates a strong inclination among Belgian corresponding authors
toward global partnerships compared to authors from other countries. Countries like
Germany and Sweden significantly impact the literature relative to their publication numbers,
with high average citation counts (AAC*) of 8.0 and 7.5 per article, respectively. Other
countries in the table, including Indonesia, Italy, Spain, Brazil, China, and the Netherlands,
also contribute to the field at various levels. For most of these countries, the low or zero
international collaboration rates (based on the corresponding author) stem from the
corresponding author-centric nature of this analysis methodology.
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This table quantitatively illustrates which countries dominate the global research
landscape in the physics-mathematics nexus field, along with their collaboration dynamics
and citation impacts.

DISCUSSION

This study aimed to present a bibliometric analysis of the scientific literature in the
"Physics-Mathematics Nexus" field, which is the intersection of physics and mathematics. It
sought to identify publication patterns, the temporal evolution of keyword themes, main
research foci revealed through thematic maps, inter-country collaboration networks, and the
most influential publication sources and countries. The findings offer significant insights into
the field's current state, dynamics, and future potential. The analysis revealed a marked
upward trend in publications in the "Physics-Mathematics Nexus" field starting from 2009,
with peaks observed in 2015 and 2023 (Figure 2). This increase can reflect growing global
interest in interdisciplinary studies and, specifically, the pursuit of integration in physics and
mathematics education. This rise indicates a heightened interest in exploring the applied and
pedagogical dimensions of the long-standing relationship between physics and mathematics,
such as physics utilizing mathematics as a "language" and mathematics offering new problem
areas to physics (e.g., discussions in works like Penrose, 2004). However, the fact that annual
citation counts (Figure 3) do not show parallel growth with the consistent increase in
publication numbers suggests that the overall impact of the field is shaped by specific key
publications or periodic surges in interest. This may indicate that new publications in the field
require additional effort to reach a wider audience and create a lasting impact. Meltzer's (2002)
work, being by far the most cited publication (Figure 4), demonstrates that the field's
intellectual roots are based on certain foundational works that serve as references. This finding
emphasizes the importance of new research building upon these seminal works. Furthermore,
the literature's concentration largely in education-focused journals such as Science &
Education, Physics Education, and Education Sciences (Table 3) reveals that "Physics-
Mathematics Nexus" research is predominantly approached within pedagogical and
education science contexts. This aligns with general bibliometric trends where
interdisciplinary fields often focus on applied outcomes (Moral-Mufioz et al., 2020; Zupic &
Cater, 2015). The keyword co-occurrence network (Figure 5) indicates that the field
encompasses a theoretical relationship and multiple practical and pedagogical dimensions
such as physics education, student learning, teacher roles, achievement assessment, and STEM
education. This finding supports the field's application-oriented nature and strong connection
with education sciences. The diachronic keyword analysis (Figure 6) and the trend topics
graph (Figure 7) offer striking insights into the conceptual evolution of the field. It is observed
that while general concepts like "science" and "knowledge" dominated initially, the field
gradually shifted towards more specific education-focused terms such as "mathematics,"
"physics," "education,” "teaching," and "learning." Particularly from 2022 onwards, the rise of
terms like "STEM," "calculus," "representations,”" and "self-efficacy" indicates that the field is
focusing on modern educational approaches, cognitive factors, and more specific
mathematical topics. This transformation indicates that researchers are addressing the
physics-mathematics relationship not merely as an abstract concept but also within the context
of concrete pedagogical issues such as student achievement, learning processes, and
curriculum development. The mathematization of physics and the power of mathematics in
explaining physical phenomena reveal that these two fields form an inseparable whole, and

nn
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this integration is necessary in education as well. Such thematic changes are consistent with
the processes of scientific fields maturing and adapting to new research problems over time
(Cobo et al., 2011). The thematic map (Figure 8) comprehensively reveals the strategic
importance and development level of research topics in the "Physics-Mathematics Nexus"
field. The identification of topics such as "mathematics education, " "physics
education,”" "learning," and "STEM education" as "Motor Themes" confirms that these areas
have both high internal cohesion and strong connections to other themes, thus forming the
main and developed core research topics of the field. The positioning of topics like "calculus,”
"self-efficacy," and "representations” as "Niche Themes" indicates that these areas are well-
defined within themselves but are more specialized sub-areas with deep research potential.
These niche themes can potentially fill specific research gaps and add depth to the field. On
the other hand, "Basic Themes" such as "physics, mathematics,” "teaching," and
"interdisciplinarity" refer to topics that form the foundation of the field but whose internal
structures are not yet fully developed. "Emerging or Declining Themes" like "conceptions,"
"views," and "history" reflect the dynamic nature of the field and its changing interests over
time. This map again demonstrates the power of bibliometric analyses in mapping a research
field's intellectual structure and evolution (Cobo et al., 2011). The Sankey diagram (Figure 9)

non

education,

quantitatively reveals the strong connections between keywords, titles, and journals, clearly
showing the field's basic publication patterns and how knowledge is disseminated. This can
guide researchers in publishing their work in appropriate venues and accessing relevant
literature. The international collaboration map (Figure 10) and the country contributions
analysis (Table 4) provide important information about global research networks in the
"Physics-Mathematics Nexus" field. The US's leading position with high productivity and
citation impact (Table 4) reinforces its dominant role in research capacity and influence in the
field. The high international collaboration rate of countries like Belgium (Table 4) highlights
their strong inclination towards global partnerships and the importance of collaboration in an
interdisciplinary field. However, the less active appearance of regions like Africa and Central
Asia on Figure 10 and the generally low level of international collaborations (5.941%
international co-authorship rate, Table 2) indicate that the full potential of global knowledge
flow and collaboration in the field has not yet been utilized. Despite the universal relationship
between physics and mathematics, further expanding global collaboration networks in this
field holds great potential for accelerating knowledge dissemination and discoveries. This
situation points to the need for funding bodies and policymakers to develop policies
encouraging research in underrepresented regions and increasing international partnership
opportunities. The Sankey diagram (Figure 9) quantitatively reveals the strong connections
between keywords, titles, and journals, clearly showing the field's basic publication patterns
and how knowledge is disseminated. This can guide researchers in publishing their work in
appropriate venues and accessing relevant literature. Overall, this bibliometric analysis has
revealed that the "Physics-Mathematics Nexus" field has experienced significant growth in the
last two decades but still holds further development potential regarding citation impact and
international collaboration. The thematic evolution of the field demonstrates a dynamic
journey from its conceptual and historical beginnings, through pedagogical processes and
student experiences, towards contemporary STEM education and psychological factors. This
dynamic indicates that future research should focus particularly on rising themes such as "self-
efficacy," "representations,” and "STEM education." Furthermore, this study offers a
methodological model for mapping interdisciplinary fields, emphasizing the potential of
bibliometric analyses in understanding interactions between different scientific disciplines
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CONCLUSION AND RECOMMENDATIONS

This study aimed to map the scientific literature in the "Physics-Mathematics Nexus"
field through a comprehensive bibliometric analysis using data compiled from international
bibliographic databases, Web of Science, and Scopus. The findings revealed this dynamic
interdisciplinary field's development, core themes, key players, and collaboration patterns
from a quantitative perspective. The analysis revealed a significant upward trend in the
number of publications in the "Physics-Mathematics Nexus" field starting from 2009, with a
concentration especially in education-focused journals. This situation indicates that the
mathematical language of physics and the power of mathematics in explaining physical
phenomena are receiving greater attention, particularly in an educational context, and that
researchers are increasingly evaluating this deep-rooted relationship in terms of its
pedagogical implications. The high citation counts of seminal works like Meltzer (2002)
confirmed the presence of specific reference points forming the intellectual foundation of the
field. Findings related to conceptual analysis clearly showed that while the field was initially
associated with more general concepts of science and knowledge, it has evolved towards more
specific, applied, and pedagogical themes such as "STEM education," "learning," "teaching,"
"problem solving," "mathematical representations,” and "self-efficacy." The thematic mapping
revealed that topics like "mathematics education,” "physics education,” and "STEM education"
are the "Motor Themes" of the field, representing both central and well-developed research
areas. "Niche Themes" such as "calculus," "
specialized but deep research potential topics. When examining global collaboration patterns,
the US was the leader in productivity and impact within the field, but international co-
authorship rates were generally relatively low. This suggests that the "Physics-Mathematics
Nexus" holds further potential for international collaboration globally. Based on all these, the

representations,” and "self-efficacy” emerged as

main implications of this study are:

(i) The "Physics-Mathematics Nexus" field is increasingly becoming a research
focus, especially from the perspective of education sciences.

(i) Conceptually, the field has evolved from its historical and philosophical roots
towards concrete pedagogical topics such as student learning and teacher practices.

(iii) Topics such as "STEM education," "mathematical representations,” and "self-
efficacy” are important and emerging themes that will shape the future research agenda of the
subject area.

(iv) While international collaboration networks exist, they have not yet reached
their full potential regarding global knowledge dissemination and collaborative research
efforts.

This study contributes to the literature by offering a significant methodological
innovation that transcends traditional qualitative reviews, using RStudio to produce a
comprehensive, data-driven bibliometric mapping of the deep-seated relationship between
physics and mathematics. By quantitatively revealing publication patterns, citation networks,
and collaboration structures at the intersection of these two core disciplines, this approach
provides an unprecedented visualization of the Physics-Mathematics Nexus at this scale,
thereby facilitating the quantification of interdisciplinary dynamics. Through thematic maps
that analyze the temporal evolution of keyword themes, the study documents the field's
historical trajectory and provides a strategic roadmap for researchers by forecasting emerging
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research foci. Furthermore, by integrating two major databases —Web of Science and Scopus—
the research offers a holistic, panoramic perspective that fills gaps in the current literature
while identifying global collaboration networks and centers of knowledge production.
Ultimately, the findings establish an evidence-based foundation for educators and
policymakers involved in developing interdisciplinary curricula and scientific strategies,
reinforcing the structural backbone of future academic inquiries. Given the education-focused
nature of the field, studies on students' processes of understanding and interpreting physical
phenomena with mathematical models should be increased. Especially, the effects of niche
themes like "mathematical representations" and "self-efficacy" on learning outcomes should be
examined in detail. Educators and curriculum developers should adopt innovative
approaches that increase the integration between physics and mathematics courses. This will
help students relate both disciplines meaningfully and develop real-world problem-solving
skills. Funding organizations and policymakers should support programs encouraging
international collaboration among physics and mathematics researchers. Establishing
partnerships with researchers in underrepresented regions, such as Africa and Central Asia,
will enrich the global knowledge network. In addition to the theoretical and educational
dimensions of the field, further research should explore the potential of the physics-
mathematics nexus in engineering, technology, and other applied sciences. This can help
translate academic knowledge into practical benefits.
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