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Mapping the Research Trends of Computational Thinking in

Mathematics Education: A Bibliometric Analysis
1. Introduction

In the 21st century, an essential skill for every individual to possess is Computational
Thinking (CT). Proven by related research, CT is among the vital abilities that students should
possess (Valovicova et al., 2020; Yang et al., 2020). CT refers to a cognitive approach to
problem-solving that involves formulating or breaking down problems into smaller parts to find
and understand solutions (Grover et al., 2020; Leung et al., 2024; Rachman, 2026). Recent
studies highlight students' CT abilities by focusing on algorithmic thinking, decomposition,
debugging, abstraction, pattern recognition, sequencing, iteration, composition, representation,
and causality, all of which play a crucial role in enhancing their cognitive and problem-solving
skills (Guss et al., 2024; Montuori et al., 2024; Tariq et al., 2025). Additionally, Lehmann’s
(2025) study examines how CT skills are used by students throughout the problem-solving
process, providing insights into the application of formal steps in an educational context.

CT skills play a strategic role in solving various problems and are highly relevant for
application in mathematics and science learning (Hinterplattner et al., 2020; Taslibeyaz et al.,
2020). Some studies specifically examined the application of CT in mathematics education
(ME) and found it relevant to increasing students' interest and engagement, problem-solving
abilities, critical thinking, creativity, and self-confidence (Chytas et al., 2024; Fauzi et al.,
2024). Furthermore, Nurlaelah et al. (2024) study showed a harmonious relationship between
CT skills and logical-mathematical intelligence, which is very important in the process of
solving mathematical problems. In line with this, some researchers emphasize the main
characteristics of CT in ME, including cognitive processes, problem-solving, and transposition
(Kallia et al., 2021; Urhan, 2022). Given the relevance of CT in ME, Kamalodeen's (2022)
study recommends formally incorporating CT skills into the education curriculum.

As interest in its benefits and feasibility grows, CT has become a highly sought-after
research topic across various disciplines (Roussou & Rangoussi, 2020). In the field of
education, interest in CT has also continued to grow over the past decade, as reflected in the
abundance of academic literature and various implementation initiatives at different levels
(Muhammad et al., 2023). This indicates that CT is not only theoretically recognized as a 21st-
century skill but is also beginning to gain practical attention in the educational curriculum,
particularly to support the development of students' cognitive and non-cognitive skills in ME.

There are several approaches to conducting a literature review that can be utilized to
obtain the latest information (Suseelan et al., 2022; Xiao & Watson, 2019). Content analysis of
literature can be done manually using a qualitative approach, based on the research question
formulation, involving a limited number of previous studies used as part of the systematic
review process (Angraini et al., 2023; Funa & Prudente, 2021). For example, a meta-analysis
study, which is a statistical technique that quantitatively combines empirical evidence from
various studies on similar topics to summarize findings and address discrepancies in results
across studies (Dettori et al., 2022; K. W. Lee et al., 2020; Suseelan et al., 2022). However, the
study by Steingrimsson et al. (2024) found a weakness of meta-analysis: the heterogeneity of
initial data (covariates) across studies in the meta-analysis can lead to the systematic loss of
important information, thus reducing the accuracy and precision of interpreting the results for
the target population.

Opposed to meta-analysis, which quantitatively combines empirical data, the
bibliometric approach analyzes and maps publication patterns, research trends, and knowledge
networks within a field (Ferrer-Serrano etal., 2025; Hu et al., 2024). Bibliometrics is a research
method that uses various statistical techniques and knowledge mapping quantitatively, enabling
the identification of the most significant publications in a field and providing comprehensive
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information about the development of that science (Passas, 2024; Zyoud et al., 2023).
Throughout its development, bibliometrics has become an important tool for analyzing and
mapping published knowledge across various fields, similar to meta-analysis in its broad scope
of literature, making it beneficial for researchers in identifying gaps and research focuses (Chen
et al., 2019; Rana & Pragati, 2024; Suseelan et al., 2022).

Previous studies have mapped trends in computational thinking in mathematics
education (Fitriyah et al., 2024; Irawan et al., 2024; Muhammad et al., 2023). Building on these
studies, the present research provides an updated bibliometric analysis of publications from
2016 to 2026 by examining three complementary dimensions: publication and citation patterns,
international collaboration networks, and dominant research themes, emerging trends, and
research gaps. This broader analysis enables the study not only to describe the growth and
scholarly contributions in the field, but also to reveal how researchers and countries collaborate
and which research areas remain underexplored. Thus, the study extends previous bibliometric
mappings by providing a more comprehensive and current overview of computational thinking
research in mathematics education and identifying directions for future research. The research
questions guiding this study are as follows:

1. What is the annual publication distribution, the profile of the most cited authors, and the

journals that most frequently publish CT in ME during the period 2016-2026?

2. How is the pattern of collaboration among authors from different countries established

in CT research publications in ME during the period 2016-2026?

3. What are the dominant research themes, emerging trends, and research gaps in

computational thinking research in mathematics education during the period 2016—

20267

2. Method

This study followed a bibliometric approach using Google Scholar, Crossref, and Scopus
to identify publications on computational thinking in mathematics education. The literature
search was conducted using Publish or Perish (PoP) with the keywords “computational
thinking”, “mathematics”, and “education”, and was limited to publications from 2016 to 2026.
The complete search string was “computational thinking” AND (“mathematics” OR
“mathematics education””) AND “education”. This period was selected to provide an up-to-date
overview of publication trends, conceptual developments, collaboration patterns, and research
gaps in computational thinking in mathematics education. The 2016—2026 period covers eleven
publication years when calculated inclusively. Retrieved publications were subsequently
screened for relevance before being included in the bibliometric analysis (Lismaya et al., 2025).

The initial search generated 1,783 articles, but many were irrelevant to the research
context, duplicates, or inaccessible. To ensure relevance, articles were screened based on the
following criteria: (1) articles were published in scientific journals, (2) titles contained the
keywords CT and ME, (3) abstracts were accessible, (4) articles were not duplicates, and (5)
articles were relevant to ME. Following this screening, 152 articles met the eligibility criteria.
During the subsequent data preparation for bibliometric analysis, 12 articles were excluded
because their bibliographic records were incomplete or could not be processed consistently.
Consequently, 140 articles were retained for the final analysis.

The final dataset was saved in .ris and .csv formats and analyzed using Microsoft Excel
and VOSviewer version 1.6.21 to map bibliometric and research networks. VOSviewer was
used to conduct keyword co-occurrence and co-authorship analyses using the full counting
method, with a minimum occurrence threshold of three occurrences for keywords. The keyword
data were reviewed for consistency before the analysis to minimize duplicate or inconsistent
terms. VOSviewer was then used to visualize relationships among keywords, authors, and
countries, facilitating the identification of dominant research themes, emerging trends, thematic
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clusters, and scientific collaboration networks in computational thinking research in
mathematics education. The research procedure was adapted from previous research (Lismaya
et al., 2025), as shown in Figure 2.

Research articles published in journals indexed by N = 1783 articles
Google Scholar, Crossref, and Scopus between »| (indexed in Google
2016 and 2026 were retrieved using the Publish or Scholar, Crossref, &
Perish application. Scopus)

v

The titles, abstracts, and keywords of the relevant
articles were identified.

v

The full-text articles were assessed for
eligibility.

Eligible articles N = 152 articles

'

Analyzed the included full-text articles.

Identified

|

Screened

Qualified

v A total of 140 articles

Synthesized/concluded the included full-text ¥ s con'5|dered in the
articles. analysis (n = 140).

Included

Figure 1. Research Procedure

3. Research Findings and Discussion
The Annual Publication Distribution, Most Influential Authors, and Most Productive
Journals in CT Research in ME.

Distribution of Annual Publications, Most Influential Authors, and Most Productive
Journals in CT Research in ME. There has been an overall upward trend in the distribution of
research publications on CT in the ME context during the 2016-2026 period, although some
annual fluctuations were observed. Based on Figure 3, publication output increased gradually
from 2016 and reached its peak in 2023 and 2024, with 30 articles in each year. The number of
publications subsequently declined to 20 articles in 2025 and 12 articles in 2026. The lower
number in 2026 may reflect that the year had not yet ended when the data were collected. The
development of research publications on CT in ME from 2016 to 2026 is presented in Figure 2.
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Note: Data for 2026 were collected up to the time of the study; the year is not yet complete.
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Figure 3. Publication Distribution (2016-2026)

At the beginning of the study period (2016-2019), the number of publications remained
relatively low, ranging from 1 to 5 articles per year. In 2020, research on computational thinking
(CT) in mathematics education (ME) began to gain momentum, increasing to 10 publications.
Although a slight decline was observed in 2021, with 9 publications, the number increased
again to 15 in 2022. A substantial increase occurred in 2023 and 2024, with 30 publications in
each year, indicating growing scholarly interest in CT within mathematics education. The
number of publications subsequently declined to 20 in 2025 and 12 in 2026. The lower number
in 2026 may be attributed to the fact that the year had not yet ended when the data were
collected. Overall, the publication distribution shows an upward trend with some annual
fluctuations, reflecting increasing scholarly attention to CT research in mathematics education
during the 20162026 period.

In addition to examining publication trends, citation analysis was conducted to identify the most
influential authors in computational thinking research within mathematics education. The
authors with the highest citation counts are presented in Table 1.

Table 1. Most Highly Cited Articles

No  Author Title Total
Citations
1 Weintrop et al. Defining Computational Thinking for Mathematics 2342
(2016) and Science Classrooms
2 Rodriguez- Computational thinking and mathematics using 328
Martinez et al. Scratch: an experiment with sixth-grade students
(2020)

3 Sung et al. (2017)  Introducing Computational Thinking to Young 243
Learners: Practicing Computational Perspectives
Through Embodiment in Mathematics Education

4 Kallia et al. (2021) Characterising  computational  thinking  in 220
mathematics education: a literature-informed
Delphi study

5 Gadanidis (2017)  Artificial intelligence, computational thinking, and 199
mathematics education

6 Hickmott et al. A scoping review of studies on computational 169
(2018) thinking in K—12 mathematics classrooms
7 Barcelos et al. Mathematics Learning through Computational 168
(2018) Thinking Activities: A Systematic Literature
Review
8 Pérez (2018) A framework for computational thinking 132
dispositions in mathematics education
9 Rich et al. (2020)  Teacher implementation profiles for integrating 131

computational thinking into elementary
mathematics and science instruction
10 Gadanidis et al. Computational thinking in mathematics teacher 117
(2017) education

Bibliometric analysis identified a number of prominent authors in CT research in ME,
characterized by high citations and significant contributions to the development of CT concepts
and practices. The most cited article, Weintrop et al. (2016), with 2342 citations, discusses the
definition and framework of CT in the context of ME, serving as a key reference and conceptual
foundation for subsequent research in understanding the dimensions of CT for teachers and
students. Additionally, several highly cited articles discuss the application of CT through
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various media and teaching strategies. For example, Rodriguez-Martinez, Gonzéalez-Calero, et
al. (2020), with 328 citations, highlighted the implementation of CT using Scratch for sixth-
grade students, while Sung et al. (2017), with 243 citations, emphasized an embodied approach
to teaching CT to young learners. Other research, such as Pérez (2018) with 132 citations and
Gadanidis (2017) with 199 citations, emphasizes the importance of the computational thinking
disposition framework and the integration of smart technology to support more effective ME.
This finding indicates that the development of CT in ME is multidimensional, encompassing
conceptual aspects, learning strategies, thinking dispositions, as well as technological and
pedagogical innovations.

In addition to examining the author's contribution, an analysis was also conducted on the
publication sources to identify the journals that published the most CT articles in ME. The list
of journals with the highest number of CT publications in the context of ME is presented in
Table 2.

Table 2. Journal Distribution by Highest Number of Publications

No  Journal Country of Origin TP
1 Journal of Pedagogical Research Turkey 5
2 Digital Experiences in Mathematics Education Germany 3
3 Education Sciences Switzerland 3
4 Eurasia Journal of Mathematics, Science and Turkey

Technology Education 3
5 International ~ Journal ~of  Education in Turkey

Mathematics, Science and Technology 3
6 Journal on Mathematics Education Indonesia 3
7 Education and Information Technologies USA 2
8 Frontiers in Education Switzerland 2
9 International Journal of Academic Research in Pakistan

Progressive Education and Development 2
10 International Journal of STEM Education Germany 2

The distribution of CT research publications in ME shows a global contribution, with the
Journal of Pedagogical Research (Turkey) ranking first (five publications), followed by Digital
Experiences in Mathematics Education (Germany), Education Sciences (Switzerland), and
Eurasia Journal of Mathematics, Science and Technology Education (Turkey), each with three
articles. Several other journals, such as the International Journal of Education in Mathematics,
Science and Technology (Turkey) and the Journal on Mathematics Education (Indonesia), also
published three articles, reflecting Asian interest in CT. Education and Information
Technologies (USA) and Frontiers in Education (Switzerland) each had two articles, and the
International Journal of Academic Research in Progressive Education and Development
(Pakistan) and the International Journal of STEM Education (Germany) each contributed two
publications, indicating the increasing global spread of CT research. Overall, CT publications
in mathematics education are distributed across journals from Europe, Asia, and North America,
with notable contributions from Turkey, Germany, Switzerland, Indonesia, the United States,
and Pakistan.
Collaboration Patterns of Authors in CT Research in ME

The authors' collaboration patterns reflect cooperative working relationships among
researchers in developing CT studies in the field of ME, demonstrating scientific interaction
both at the individual and international levels, as well as the global development of CT research
thru multidisciplinary collaboration and exchange of ideas. The visualization of this
collaboration pattern is shown in Figure 4.
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Figure 4. Collaboration Pattern Among Authors

Visualization of author collaboration using VOSviewer shows that the collaboration
network in computational thinking (CT) research within mathematics education (ME) remains
relatively limited, with nodes representing authors and edges indicating collaborative
relationships between researchers (Fitriyah et al., 2024). A small collaborative cluster was
identified, consisting of Kajsa Bréiting (Sweden), Andreas Lindenskov Tamborg, Raimundo
Elicer, Morten Misfeldt, and Uffe Thomas Jankvist (Denmark), together with Eirini Geraniou
(United Kingdom), with Bréting serving as the central node. However, collaboration among
authors remained sporadic and had not yet developed into a broader international research
network. These findings suggest that international collaboration in CT research within ME is
currently centered on a small group of researchers from Sweden, Denmark, and the United
Kingdom, indicating an emerging collaborative network within Europe.

In addition to reviewing the overall collaborative network structure, an analysis was
also conducted to examine the development of author collaboration patterns based on
publication year, to understand the dynamics of CT research cooperation in ME over time. The
visualization of this development is shown in Figure 5.

misfeldtmorten

elicer, g@imundo

geraniou, eirini brating, kajsa

tamborg, andggas lindenskov
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Figure 5. Collaboration Pattern Among Authors Based on Year of Publication
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The visualization of the author collaboration overlay illustrates the temporal
interconnectedness between researchers in CT studies in mathematics education during the
period from 2022 to 2023. The color of the nodes indicates the average year of publication, with
Tamborg (Denmark) and Elicer (Denmark) being active earlier around late 2022, while
Geraniou (UK), Misfeldt (Denmark), and Jankvist (Denmark) were more dominant in mid-
2023. Brating (Sweden) became a hub for collaboration, connecting with all the other authors,
but the network formed was still small and hadn't yet formed large clusters. This indicates that
although collaboration has already begun, its intensity and scope are still limited, leaving
significant opportunities for expanding cross-country and cross-institutional research
collaboration in this field.

Mapping of Themes, Conceptual Framework, and Future Research Directions for CT in
ME

The bibliometric mapping of this research used VOSviewer to create, visualize, and
explore the network of publication citations (Abdullah, 2021), with data from Google Scholar,
Crossref, and Scopus serving as a highly reputable scientific basis (Budianto & Dewi, 2023).
The results are visualized to map the development, trends, and interconnections of CT topics in
ME, displaying a concept map, relationships between themes, and several main clusters colored
green, red, blue, yellow, and purple, which show the interconnections of keywords forming the
main research themes, as seen in Figure 6.
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Figure 6. Visualization of Keyword Pair Network Based on Number of Occurrences

The red cluster represents the integration and implementation of CT in ME through
keywords such as computational, math, early childhood education, teaching practice, and
Scratch. This pattern is supported by studies represented within this research network that
examine CT implementation through various learning approaches, including activities for
young learners (Sung et al., 2017), CT activities in K—12 mathematics classrooms (Hickmott et
al., 2018), mathematics learning through CT activities (Barcelos et al., 2018), and Scratch-based
programming in mathematics learning (Rodriguez-Martinez, Gonzalez-Calero, et al., 2020).
The green cluster is dominated by CT assessment and measurement, as indicated by keywords
such as test, instrument, questionnaire, data analysis, and computational thinking ability. This
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focus is also reflected in studies within the research network addressing the characterization of
CT in mathematics education (Kallia et al., 2021). Meanwhile, the purple cluster highlights core
CT processes, including decomposition, pattern recognition, abstraction, and generalization,
which are reflected in conceptual studies of CT and computational thinking dispositions in
mathematics education (Pérez, 2018; Weintrop et al. 2016). Overall, the relationships among
the keywords and studies across the three clusters indicate that CT research in ME has
developed around three interconnected aspects: learning implementation, cognitive processes,
and assessment. For mathematics education, this pattern suggests that CT is not only introduced
through programming activities or measured through assessment instruments but is also
connected to reasoning processes such as decomposition, pattern recognition, abstraction, and
generalization that can support mathematical problem solving.

After the main clusters were identified through network visualization, the analysis
continued with overlay visualization to illustrate the temporal development and emerging trends
in computational thinking (CT) research in mathematics education (ME). The overlay
visualization covers the 2021-2023 period, with colours representing the average publication
year of each keyword. Keywords shown in blue and purple indicate relatively earlier research
topics around 2021, whereas green and yellow indicate more recent topics that emerged closer
to 2023. This visualization provides an overview of changes in research focus on CT in
mathematics education during the 2021-2023 period, as shown in Figure 7.
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Figure 7. Visualization of Keyword Interconnection Overlay

At the beginning of the period (2021), the focus of the study was still conceptual, such
as the integration of CT in education and 2l1st-century skills. 2022 marked a shift toward
empirical research focused on developing instruments, assessments, and measuring CT abilities
using keywords such as test, instrument, and data analysis. Meanwhile, the latest trends in 2023
point toward a more applied direction with themes of mathematical thinking ability, self-
efficacy, and problem-solving. Overall, CT research in ME has evolved from conceptual studies
toward implementation and evaluative application.After the overlay results illustrated the
development and novelty of CT research themes in ME, the subsequent analysis focused on the
intensity level of research shown through density visualization maps. This map provides an
overview of the density and strength of the relationships between the research topics that most
frequently emerged during the analysis period. The visualization of this density can be seen in
Figure 8.
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Figure 8. Visualization of Keyword Pair Density

The yellow area signifies high-frequency themes, such as computational, math, data,
test, and instrument, indicating the dominance of quantitative approaches in CT research on
ME. The green area, with keywords like mathematical thinking, teacher education, and pattern
recognition, reflects a shift in focus toward developing higher-order thinking skills and
improving teacher competency. Meanwhile, the blue area, containing terms like early childhood
education, generalization, and creative thinking, shows themes that are rarely studied but have
significant potential. The results of this visualization guide future research to expand its focus
on pedagogical dimensions, innovation in learning strategies, and the implementation of CT
from the elementary level to produce a more comprehensive and contextual approach.

4. Conclusion

A bibliometric analysis of CT publications in ME from 2016 to 2026 shows an overall
upward trend, with publication output peaking in 2023 and 2024. Highly cited articles
contributed to establishing the conceptual foundation of CT, while the Journal of Pedagogical
Research emerged as the most productive journal, with five publications. The international
collaboration network remains limited, particularly involving researchers from Sweden,
Denmark, and the United Kingdom, indicating an emerging but still relatively small European
collaboration network. Thematic analysis shows that CT research in ME is strongly oriented
toward measurement and assessment, while pedagogical approaches, creativity, teacher
education, and elementary-level implementation remain relatively underexplored. Future
research should therefore strengthen contextual and pedagogically oriented approaches that
integrate CT with mathematical thinking, creativity, and problem-solving to support meaningful
computational competencies in students. This study has several limitations. First, the analysis
covers publications from 2016 to 2026, so earlier developments in CT research may not be fully
represented. Second, the dataset was retrieved from Google Scholar, Crossref, and Scopus,
meaning that relevant publications indexed in other databases may have been omitted. Future
research could broaden the database coverage by including sources such as Web of Science.
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