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Abstract 

This study aims to identify trends, domains, and research topics of eye-tracking methodology in 

mathematics education published in Scopus-indexed journals. A systematic mapping study with 
bibliometric was employed to investigate the field. The analysis identified 119 eye-tracking studies 

in mathematics education published between 2013 and 2023, reflecting fluctuating publication 

trends. In this period, 333 authors, 78 sources, 156 organizations, and 38 countries contributed to 
the field. Schindler authored the most documents, while Germany and the United States recorded 

the highest output. The most cited work was by Cortina et al., and the International Journal of 

Science and Mathematics Education was the most frequently cited journal. Collaborations analysis 
identified Brockmole and Hannula as the most collaborative authors, and the University of Helsinki 

as the most active institution. Topic and domain analysis showed that the studies primarily focused 

on numbers and arithmetic, problem-solving, reasoning, individual differences, mathematical 
anxiety, creativity, mathematical representation, multimedia in learning, embodied cognition, 

mathematics learning, learning difficulties, geometry, and preschool mathematics. The findings 

suggest that several mathematical domains remain underexplored, offering opportunities for further 

eye-tracking research in mathematics education. 
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1- Introduction 

Eye-tracking technology has gained increasing use in educational research in recent years. It is considered a valuable 

tool, particularly for studying visually presented cognitive tasks [1], as eye movements are associated with cognitive 

processes. Moreover, the link between cognitive processes and eye movements is grounded in the eye-mind hypothesis 

proposed by Just & Carpenter [2]. This hypothesis posits that what individuals see corresponds to what they think. Which 

may explain the wide application of eye-tracking across disciplines [3, 4], including mathematics education [5–9]. Eye 

tracking is widely used in mathematics research to examine cognitive and affective processes, track attention, and 

identify intentions without disrupting learning, problem-solving, or instruction [10]. It reveals cognitive processes more 

effectively than verbal reports [11, 12]. Eye tracking is advantageous as it evaluates processes rather than outcomes, 
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examines the link between reading and mathematical cognition, and uncovers cognitive processes that individuals cannot 

consciously report [4]. Despite its advantages, researchers in mathematics education face several challenges, including: 

(1) the need to monitor studies outside their domain, as similar methodologies may be applied for different purposes; (2) 

addressing new considerations in data collection and interpretation, which generate large volumes of data; (3) the need 

for researchers to possess advanced knowledge of eye tracking; and (4) the requirement for unique expertise to 

understand eye tracking processes in mathematics, as the domain employs distinct forms of text, symbols, visualizations, 

and representations [4]. 

Eye-tracking studies can provide valuable insights into students’ attention and focus as they construct mathematical 

representations of abstract concepts [4]. Moreover, eye movement analysis enables examination of students’ ability to 

shift between different representations of mathematical objects. In this context, eye tracking can examine how students 

learn and process information while solving mathematical problems, as their focus is closely tied to visual perception 

[5]. Several studies have demonstrated that eye tracking can identify learning difficulties [13, 14], mathematical anxiety 

[15, 16], problem-solving [17–19], and mathematical representation [20–22]. Recent applications include studies on 

children’s arithmetic cognition [23], teacher-student interactions in learning and problem-solving [24], and the cognitive 

processes involved in mathematical problem posing [25]. This underscores the importance of eye-tracking in 

mathematics education. Consolidating existing literature is therefore essential to identify dominant trends, main themes, 

recurring patterns, and potential opportunities to advance the field in a more focused and sustainable way. 

Further literature review on eye tracking is essential to strengthen its relevance in mathematics education. Our search 

found that several researchers have conducted reviews of eye tracking in this field [4, 8, 11, 26–29]. Strohmaier et al. 

[4] reviewed eye-tracking methodology in mathematics education from 1921 to 2018, using data from Scopus, Web of 

Science, ERIC, ScienceDirect, PsycARTICLES, Education Source, and MathEduc. Mock et al. [8] reviewed 45 studies 

on numerical cognition. Almfjord & Hallberg [11] synthesized 11 studies on mathematical difficulties published between 

2002 and 2020 from PubMed, PsycNet, and LUBsearch. Perttula [26] reviewed 28 studies on mathematical 

representation [26]. Lilienthal & Schindler [27] reviewed 33 studies in proceedings from PME-34 to PME-42. Paskovske 

& Kliziene reviewed [28] 17 studies on children’s mathematics education from Scopus, Web of Science, ScienceDirect, 

and ERIC. More recently, Schindler et al. [29] synthesized 116 eye-tracking studies in mathematics and statistics 

education, offering an updated view of methodological advances and future directions.  

Existing reviews highlight the growing interest in eye tracking research in mathematics education, each offering 

insights into specific subfields such as numerical cognition, mathematical representation, and learning disabilities. 

However, the rapid growth of eye tracking studies highlights emerging topics and a broader range of research themes. 

This underscores the need for approaches that capture research dynamics more comprehensively and quantitatively. One 

such approach is bibliometric analysis, a systematic method for reviewing scientific literature to uncover patterns, trends, 

and impacts within a specific field [30, 31]. The process typically involves several stages: collecting data from relevant 

databases, cleaning and refining the dataset, and applying bibliometric techniques to generate insights that support 

research decision-making. In this context, bibliometrics serves as a valuable tool for examining the development and 

dynamics of scientific literature [31, 32], as it enables researchers to analyze large volumes of data, draw in-depth 

conclusions, and identify the most influential studies [33]. Bibliometric analysis facilitates a comprehensive and 

systematic understanding of research trends, collaborations among authors and institutions, influential journals, and the 

emergence or evolution of research themes. To date, no comprehensive bibliometric analysis has been conducted on eye 

tracking in mathematics education. Therefore, this study seeks to fill this gap by conducting a bibliometric analysis to 

provide an overview of the field.  

This study aims to explore and identify research trends and themes covering several aspects: publication trends, author 

collaborations, citations, most influential journals, collaborating institutions, author country statistics, author keywords, 

domains, and mathematical topics explored using eye tracking. The findings will provide a comprehensive picture of the 

current research landscape, including identifying key themes, the most influential study contributions, and topics that 

remain open and promising for further exploration. By providing this perspective, this study aims to highlight significant 

research gaps and suggest promising directions. Furthermore, the analysis can serve as a strategic guide for researchers 

to position their studies, pursue new areas, and avoid duplication. The following research questions (RQ) were 

established to achieve the aim of this study: 

 RQ1: What is the distribution of publication trends on the use of eye tracking in mathematics education research 

based on year, document type, author, sources, organizations, and countries in 2013-2023? 

 RQ2: What domains and topics were used in mathematics education research with eye tracking from 2013 to 2023? 

Through this bibliometric analysis, we aim to offer retrospective and prospective insights into the research trajectory 

of eye-tracking in mathematics education, including its recent progress and existing gaps. RQ1 aims to uncover research 

trends on eye-tracking in mathematics education by year, document type, author, source, organization, and country. It 

aims to identify the most productive authors, institutions, and countries in this field. In addition, this study identifies the 
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sources most frequently utilized by researchers for their publications. Additionally, citations were considered to uncover 

important publications and future opportunities. Furthermore, RQ2 investigates the domains and topics of research on 

eye-tracking in mathematics education. This question analyses keyword associations to identify frequently studied 

domains and topics, as well as gaps that require further investigation. Collectively, this study is expected to provide 

insightful guidance and recommendations for advancing knowledge and directing future research in this field. 

The structure of this paper comprises five main sections. The methodology section outlines the research design to 

ensure transparency in the study's conduct. The bibliometric results section presents the primary outcomes of the 

analysis, including publication trends, influential authors, highly cited works, collaborative networks, and thematic 

clusters in eye tracking in mathematics education. The discussion section interprets these results in relation to existing 

literature, emphasizing theoretical and practical implications while identifying gaps and opportunities for future research. 

Finally, the conclusion summarizes key findings, suggests directions for future research, and acknowledges the study’s 

limitations. 

2- Method 

A systematic mapping study with a bibliometric design was employed to achieve the research aims. Bibliometric 

analysis was used to provide an overview of current studies on eye-tracking research in mathematics education. The 

research followed four stages: (1) defining the scope and objectives of the bibliometric study, (2) selecting bibliometric 

techniques, (3) searching and collecting data, and (4) conducting the analysis and reporting the findings [34].  

2-1- Determine The Scope and Objectives of the Bibliometric Study 

The scope of this research is limited to studies on the use of eye-tracking in mathematics education. The research 

objectives were presented previously in the introduction. 

2-2- Select the Techniques for Bibliometric Analysis 

The data analysis employed both descriptive methods and a comprehensive bibliometric analysis. Descriptive analysis 

method was used to examine the number of articles by years and document type. In the bibliometric analysis, a thorough 

co-authorship analysis was conducted, providing a comprehensive picture of collaboration in writing articles (author, 

institution, country). Citation analysis was conducted to show citation counts by document, author, institution, journal, 

and country. Co-occurrence analysis visualized keyword networks, with a number of co-occurrences indicating the 

frequency of keywords appearing together. The results were then mapped into several domains and topics based on 

keywords and clusters. In the counting method, complete counting was applied to assign each author a total weight score 

[35]. 

2-3- Search and Collect the Data 

This research used the Scopus database through Publish or Perish (PoP) software. Scopus offers extensive global and 

regional coverage of scientific journals, conference proceedings, and scientific books, and is recognized for its best 

quality and rigorous selection process [36]. For this reason, Scopus was selected as the sole database. Titles and abstracts 

of each paper were reviewed before determining inclusion. Furthermore, inclusion and exclusion criteria were applied. 

The inclusion criteria were: (1) studies focusing on the use of eye tracking in mathematics education, (2) studies 

published between 2013 and 2023, and (3) studies written in English. A study was excluded if it met at least one of the 

following exclusion criteria: (1) the study presents material that has not been peer-reviewed, (2) written in a language 

other than English, (3) full-text access unavailable; (4) duplicate publication; and (5) published as a report. 

The search process was systematically conducted to identify primary studies within the scope of eye tracking in 

mathematics education. The search was conducted on 18 November 2023. To construct the search string, we carefully 

identified relevant keywords. The search formula was: (eye OR gaze) AND (tracking* OR movement*) AND (math* 

OR "mathematical thinking" OR "numerical cognition"). The article selection process followed the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) steps [37], as shown in Figure 1. 

An initial keyword search in the database obtained 1482 articles. The identification results showed no duplicate, and 

screening was also conducted concurrently. During screening, 1356 articles were excluded for not aligning with the 

research objectives. After verification of the remaining 126 articles, 119 were deemed suitable, while seven were 

excluded for being written in languages other than English. Thus, 119 articles were included at this stage as they met the 

specified criteria. 

2-4- Bibliometric Analysis and Report the Findings 

We utilized the VOSviewer application, known for its clarity and precision, to conduct bibliometric analysis and 

visualize the results. VOSviewer (version 1.6.18) enables various analyses and visualizations of relationships among 
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authors, journals, institutions, countries, and keywords [38, 39]. It was applied to nodes representing research items of 

interest, namely authors, institutions, countries, journals, and key terms. The relationship between two nodes indicates 

their connection, and the overall strength of these connections, expressed as a numerical value, is referred to as total link 

strength (TLS). 

Furthermore, the nodes and links formed clusters on the bibliometric map. These clusters were based on the strength 

of relationships between nodes. Nodes with more links were grouped into clusters, each representing a distinct research 

area or a set of closely related items. Node size indicated the item's frequency of appearance, node color represented the 

network, line thickness displayed the strength of relationships, and distance between points indicated item relatedness 

[40]. Nodes with stronger associations were grouped into clusters [39, 41]. 

The synthesis of the bibliometric analysis represents the culmination of the mapping process, integrating patterns, 

trends, and key metrics to address the research questions. These synthesized findings are systematically presented in the 

results and discussion sections. 

 

Figure 1. PRISMA flow diagram 

3- Results  

3-1- Publication Distribution Every Year 

This study selected articles from the Scopus database based on inclusion and exclusion criteria. A total of 119 

publications were identified during 2013–2023. The distribution of article publications is illustrated in Figure 2. 

 

Figure 2. Distribution of article publications per year (n = 119) 
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Figure 2 shows an increase in studies on eye tracking from 2013 to 2016. However, publication numbers declined in 

2016–2017, 2018–2019, and 2020–2021. In 2017, publications decreased by five compared to 2016, and in 2019, they 

fell by six compared to 2018. The highest number of publications was recorded in 2020, with 16 articles.  

3-2- Distribution of Publications Based on Documents 

The eye-tracking study in mathematics education retrieved from the Scopus database comprised five types of 

publications. As shown in Figure 3, most were articles, (88; 73.95%), followed by 25 conference papers (21.01%), three 

reviews (2.52%), two book chapters (1.68%), and one data paper (0.84%). 

 

Figure 3. Distribution of publications by document 

Furthermore, citation analysis was conducted to identify the most cited authors in the relevant literature. Table 1 

presents the top 10 most cited documents (author and year of publication) in eye-tracking research in mathematics 

education. 

Table 1. The distribution of the top 10 most cited studies 

Rank Authors Year Citations 

1 Cortina et al. [42] 2015 77 

2 Susac et al. [43] 2014 75 

3 Schindler & Lilienthal [9] 2019 57 

4 Wakefield et al. [44] 2018 49 

5 Andrá et al. [5] 2015 46 

6 Abrahamson et al. [45] 2016 46 

7 Molina et al. [46] 2018 43 

8 Obersteiner & Tumpek [1] 2016 41 

9 Hurst & Cordes [47] 2016 40 

10 Hartmann et al. [48] 2016 40 

Table 1 illustrates that the article by Cortina et al. [42] is the most cited, with 77 citations. It is followed by Susac et 

al. [43] with 75 citations, Schindler & Lilienthal [9] with 57 citations, Wakefield et al. [44] with 49 citations, Andrá et 

al. [5] and Abrahamson et al. [45] with 46 citations, Molina et al. [46] with 43 citations, Obersteiner & Tumpek [1] with 

41 citations, and Hurst & Cordes [47] and Hartmann et al. [48] with 40 citations. These high citation counts indicate the 

significant influence of these studies, either through methodological innovation or conceptual advancement. For 

instance, Cortina et al. [42] used mobile eye tracking to analyze classroom interactions in mathematics learning and 

found that experienced teachers were more effective than student teachers in classroom monitoring. 

3-3- Distribution of Publications Based on Author  

We used VOSviewer co-authorship analysis to examine author collaborations in the relevant literature. The analysis 

showed that 333 authors contributed to eye-tracking research in mathematics education. Table 2 presents the distribution 

of authors and co-authorship groups with at least two documents and their corresponding citation counts. 
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Table 2. Authors and co-authorship groups with at least two documents 

Rank Authors Documents Citations 

1 Potgieter & Blignaut [49–52] 4 4 

2 Schindler & Lilienthal [9, 12, 53] 3 78 

3 da Silvab Soares et al. [54, 55] 2 5 

4 Norqvist et al. [56, 57] 2 5 

5 Kim et al. [17, 58] 2 6 

6 Shvarts et al. [59, 60] 2 19 

7 Hartmann [7, 61] 2 30 

8 Shvarts & Abrahamson [62, 63] 2 36 

The authors and co-authorship groups with the most eye-tracking research documents in mathematics education are 

Potgieter & Blignaut [49-52] with four documents (number of citations, NC = 4). They are followed by Schindler & 

Lilienthal [9], with three documents (NC = 78). da Silvab Soares et al. [54, 55] (NC=5), Norqvist et al. (NC=5) [56, 57], 

Kim et al. (NC = 6) [17, 58], Shvarts et al. (NC = 19) [59, 60], Shvarts & Abrahamson (NC = 36) [62, 63], and Hartmann 

(NC = 30) [7, 61], each produced two documents. In the co-authorship analysis at the author level (Figure 4), Hannula 

et al. [64] and Brockmole et al. [65] were the most active collaborators, each working with 13 other authors. They are 

followed by Schindler & Lilienthal [53], who collaborated with 11 authors during the study period. 

 

Figure 4. Analysis of co-authors in the author unit 

Our citation analysis revealed that the most cited authors were Schindler & Lilienthal [9], with an impressive 78 

citations (number of documents, ND = 3). They are followed by Cortina et al. [42] with 77 citations (ND = 1), Susac et 

al. [43] with 75 citations (ND = 1), Wakefield et al. [44] with 49 citations (ND = 1), Andrá et al. [5] and Abrahamson et 

al. [45] with 46 citations (ND = 1), Molina et al. [46] with 43 citations (ND = 1), Obersteiner & Tumpek [1] with 41 

citations (ND = 1), and Hurst & Cordes [47] and Hartmann et al. [48] with 40 citations (ND = 1). The remaining authors 

in this category had fewer than 40 citations. Figure 5 presents a density visualization where the most cited authors are 

represented by the brightest areas, providing a clear depiction of their impact. 
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Figure 5. Citation analysis in the author's unit 

3-4- Distribution of Publications Based on the Sources 

The findings indicate that 78 sources published eye-tracking studies in mathematics from 2013 to 2023. Table 3 

presents the distribution of publications by source. 

Table 3. The distribution of the top 10 sources. 

Rank Source Documents Citations Year 

1 
Lecture Notes in Computer Science (including subseries Lecture Notes 

in Artificial Intelligence and Lecture Notes in Bioinformatics) 
7 24 2014, 2017, 2018, 2020, 2022 

2 International Journal of Science and Mathematics Education 6 241 2014, 2015, 2020 

3 Psychological Research 6 156 2014, 2016, 2017 

4 ZDM - Mathematics Education 5 57 2016, 2020, 2021, 2022 

5 Quarterly Journal of Experimental Psychology 4 27 2016, 2018, 2020, 2021 

6 Educational Studies in Mathematics 3 74 2019, 2021, 2023 

7 Acta Psychologica 3 36 2014, 2017, 2022 

8 Learning and Instruction 2 49 2018 

9 Cognitive Processing 2 29 2015, 2021 

10 Instructional Science 2 29 2015, 2023 

Table 3 presents the top 10 journals that published the most articles on eye-tracking in mathematics education within 

the observed time period. Lecture Notes in Computer Science ranked first with seven publications, followed by the 

International Journal of Science and Mathematics Education and Psychological Research, each with six articles. 

Furthermore, ZDM-Mathematics Education published five articles, and the Quarterly Journal of Experimental 

Psychology published four articles. The next rankings are held by journals with fewer than 4 publications, Educational 

Studies in Mathematics (ND = 3), Acta Psychologica (ND = 3), Learning and Instruction (ND = 2), Cognitive Processing 

(ND = 2), and Instructional Science (ND = 2).  

Based on citation counts, the International Journal of Science and Mathematics Education rank first with 241 citations, 

followed by Psychological Research with 156 citations, Educational Studies in Mathematics with 74 citations, and ZDM-

Mathematics Education with 71 citations. Meanwhile, other journals have fewer than 50 citations. Notably, the 

International Journal of Science and Mathematics Education recorded the highest citations for a single article, written 

by Cortina et al. [42], demonstrating this study’s significant impact in the field.  
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3-5- Distribution of Publications Based on Organizations/ Institutions 

A total of 156 organizations and institutions participated in eye-tracking research in mathematics education. The 

bibliometric co-authorship analysis of “organizations” reveals institutional relationships. In this analysis, institutional 

and TLS connections were calculated. Node size was proportional to the number of publications, while the thickness 

represented collaboration frequency and connection strength. As shown in Figure 6, the University of Helsinki (n = 8), 

the University of Oslo (n = 3), the University of Oulu (n = 3), and Uppsala University (n = 3) were the most collaborative 

institutions. 

 

Figure 6. Co-authorship analysis for organizations 

The citation analysis for organizations or universities contributing to eye-tracking research in mathematics education, 

as presented in Table 4, showcases the collective impact of leading institutions. Utrecht University leads with 116 

citations (ND = 7), followed by the University of California with 99 citations (ND = 5), the University of Cologne with 

91 citations (ND = 7), Orebro University with 84 citations (ND = 5), and the University of Michigan with 77 citations 

(ND = 1). The Knowledge Media Research Center has 76 citations (ND = 3), the University of Split and the University 

of Zagreb each have 75 citations (ND = 1), the University of Potsdam has 70 citations (ND = 3), and Eberhard Karls 

University has 57 citations (ND = 2). Collectively, these institutions represent a dynamic and influential community in 

eye-tracking research in mathematics education. 

Table 4. The distribution of the top 10 Affiliates. 

Rank Affiliates Citations Documents 

1 Utrecht University 116 7 

2 University of California 99 5 

3 University of Cologne 91 7 

4 Orebro University 84 5 

5 University of Michigan 77 1 

6 Knowledge Media Research Center 76 3 

7 University of Split 75 1 

8 University of Zagreb 75 1 

9 University of Potsdam 70 3 

10 Eberhard Karls University 57 2 

3-6- Distribution of Publications by Country  

Co-authorship analysis at the country level shows that 38 countries published studies on eye tracking in mathematics 

between 2013 and 2023. Germany and the United States produced the most documents, with 24 each, followed by 

Finland and Sweden with 11 each; China and the Netherlands with nine each; the United Kingdom with eight; South 

Africa with six; and Canada and Taiwan with five each. Meanwhile, other countries contributed fewer than five 

documents. Figure 7 illustrates the mapping of interrelated countries based on the co-authorship analysis. The results 

highlight the interconnectedness of the global research community, with 18 clusters, 32 links, and a total strength of 34. 

The most collaborative countries were Finland (n = 7), Germany (n = 5), America (n = 5), the Netherlands (n = 4), and 

Sweden (n = 4). 
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Figure 7. Citation analysis in the author's unit 

Meanwhile, the citation analysis by country is presented in Figure 8, which includes only countries with at least 50 

citations. Countries with fewer than 50 citations were excluded. The United States had the highest number of citations 

with 403 citations (ND = 24), followed by Germany with 399 (ND = 24), Sweden with 165 (ND = 11), and the 

Netherlands with 141 (ND = 9). Finland ranked next with 86 citations (ND = 11), followed by Croatia with 75 (ND = 

1), the United Kingdom with 67 (ND = 8), Taiwan with 57 (ND = 5), Italy with 53 (ND = 3), and Belgium with 52 (ND 

= 3). 

 

Figure 8. Citation distribution by country 

3-7- Domain and Topic 

This study employed VOSviewer co-occurrence analysis in the “authors’ keywords” area to identify the most 

frequently used keywords and terms in publications. A minimum threshold of two occurrences of keywords and terms 

was applied, resulting in 64 of the 325 most used keywords. To improve accuracy, the data were cleaned using a 

'thesaurus file. To address plural/singular words (e.g., eye movements become eye movement; rational numbers become 

rational numbers; representations become representation), abbreviations (e.g., math becomes mathematics; math 

learning becomes mathematics learning; math anxiety becomes mathematics anxiety), hyphen variations (e.g., eye 

tracking becomes eye-tracking; collaborative problem solving becomes collaborative problem-solving; eye-movement 

becomes eye movement), and general or overlapping terms (e.g., fraction comparison and fraction processing into 

fractions; shared attention, spatial attention and split attention into attention). Irrelevant terms were also standardized 

(2340 cognitive processes into cognitive processes). After applying the 'thesaurus file', the number of keywords increases 

from 242. The ten most frequently used in publications are presented in Table 5. 
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Table 5. Top 10 keywords that occur most often used in publications. 

Rank Keyword Occurrences TLS 

1 Eye tracking 71 155 

2 Eye movement 19 49 

3 Attention 14 39 

4 Arithmetic 13 29 

5 Mathematical problem-solving 12 29 

6 Mathematics 10 22 

7 Mathematics education 9 26 

8 Mathematical word problems 8 18 

9 Mathematics learning 8 21 

10 Fractions 7 19 

Based on the predetermined threshold, the initial analysis yielded 35 clusters with 955 links (TLS = 1070). To 

refine the results, the minimum cluster size was set to 7, producing 4 clusters in the primary analysis with 239 links 

(TLS=402). The co-occurrence map of the author’s keywords is shown in Figure 9. The lines indicate the main 

relationships between terms, where thickness and distance represent the strength of association. Each cluster was 

color-coded for clarity: cluster 1 (red) with 27 items, cluster 2 (green) with 15 items, cluster 3 (blue) with 14 items, 

and cluster 4 (yellow) with 9 items. 

 

Figure 9. Co-occurrence map of authors’ keywords 

In a research article, several keywords are used to reflect the essence of the studied topic. As summarized in Table 

5 and Figure 9, the most frequently used author's keywords with strong relationship in eye tracking research in 

mathematics were the term eye tracking from cluster 2, with 56 links and 71 occurrences. The second place is the 

term eye movement in cluster 4, with 25 links and 19 occurrences. Next, the third place is the term attention from 

cluster 3, with 22 links and 14 occurrences. The fourth place is occupied by arithmetic from cluster 1, with 12 links 

and 14 occurrences. The fifth place is mathematics problem solving from cluster 1, with 16 links and 12 occurrences. 

They were followed by mathematics from cluster 2, with ten links and ten occurrences. In seventh place is the term 

mathematics education from Cluster 2, with 17 links and nine occurrences. The eighth place is mathematics learning 

from cluster 3, with 14 links and eight occurrences. The ninth place is occupied by mathematical word problems from 

Cluster 1 with 11 links and eight occurrences. Lastly, the tenth place belongs to the fraction term from cluster 1 which 

has 13 links and seven occurrences. 

The keyword and term analyses were performed on the article's to identify the domains and research topics of eye-

tracking studies in mathematics education. A total of 65 terms and keywords in the network were grouped based on 

research similarities. Table 6 presents the research domains and topics of the most relevant keywords and terms. 
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Table 6. Relevant research domains and topics 

Clusters 
Label Clusters 

(Domain And Topic) 
Representative Keyword 

Number of 

Articles 

Red 

Numbers and Arithmetic Number line, rational number, fraction, divisibility rules, and number comparison 27 

Problem-Solving Mathematical problem-solving, mathematical word problem-solving, reading 13 

Reasoning Mathematical reasoning 4 

Mathematical anxiety Mathematical anxiety 3 

Individual differences Individual differences, mathematical performance 4 

Green 

Mathematical creativity Mathematical creativity 4 

Representation Mathematical Representation mathematical, notation mathematics, symbolism 17 

Multimedia (Learning based technology) Multimedia, mathematical software interfaces 7 

Embodied cognition and embodied interaction Embodied cognition, semiotics 6 

Blue 
Learning Mathematics 

Mathematics learning, visual attention, strategy, gaze, collaborative problem solving, 

attentional anchor, coordination, teacher and student competency assessments 
13 

Learning difficulties Mathematical difficulties 12 

Yellow Geometry and preschool Geometry, GeoGebra, graph interpretation, preschool education 9 

According to the analysis, the red cluster includes keywords related to numbers and arithmetic, such as number line, 

rational number, fraction, divisibility rules, and number comparison. It also contains the keywords mathematical 

reasoning, mathematical problem solving, mathematical anxiety, individual differences, and performance, which are 

crucial in understanding arithmetic in mathematics education. The green cluster includes mathematical creativity, 

mathematical representation, multimedia, embodied cognition, and semiotics. The blue cluster includes keywords related 

to mathematics learning, such as visual attention, strategy, teaching, coordination, and collaborative problem-solving, as 

well as mathematical difficulties and educational neuroscience. Lastly, the yellow cluster contains the geometry and 

preschool education.  

4- Discussion  

The development of eye-tracking technology extends beyond health, marketing, and engineering into education, 

including mathematics education. Consequently, eye-tracking has become a focus of interest for researchers and 

practitioners in the field. This study examines publications on the use of eye-tracking in mathematics education from 

2013 to 2023, based on articles indexed in the Scopus database. It represents the first bibliometric analysis to specifically 

highlight the use of eye-tracking in mathematics education, drawing on Scopus data and providing a global perspective 

on research developments over the past 11 years. A total of 119 English-language documents, including articles, 

conference papers, review articles, proceedings, and book chapters. The analysis shows that scientific articles are the 

most dominant publication type. Furthermore, publication trends exhibit a fluctuating pattern, with a notable peak in 

2020. This peak likely reflects methodological consolidation and new directions in mathematics education research 

rather than a mere temporal fluctuation. During this period, the eye-tracking research community in mathematics 

education began to mature, marked by systematic reviews that standardized protocols and mapped key research topics 

[4, 27]. Such consolidation typically increases publications output as research expands beyond exploratory studies to 

include replications, applications, and special issues in international journals. Concurrently, a shift in mathematics 

education research toward cognitive processes, representations, and affective factors such as anxiety made eye-tracking 

a highly relevant and appropriate method for addressing contemporary research needs [4]. 

The most cited document in eye-tracking studies on mathematics education is the article by Cortina et al. [42]. Its 

high citation count indicates its significant influence on subsequent research, as citations are often viewed as indicators 

of academic significance and scientific reputation [66-68]. Cortina et al. [42] demonstrated that mobile eye tracking is a 

valid, low-inference measure for assessing teacher expertise in mathematics teaching, confirming differences in attention 

distribution between novice and experienced teachers. Experienced teachers demonstrated a more balanced and strategic 

distribution of visual attention, whereas novice teachers showed a narrower focus. This supports the theory that cognitive 

and behavioral differences between experts and novices can be revealed through eye tracking, while also suggesting its 

potential as a tool for teacher reflection and professional development. Recent research further confirms that eye tracking 

is not only a methodological trend in academic studies but also provides new insights into the situational processes of 

teacher-student interactions in the classroom [69]. For example, eye-tracking data have been used to analyze teachers' 

multimodal interactions, including the integration of gaze, gesture, and language to enhance learning dynamics [70]. 

Chaudhuri et al. found that teachers' visual focus in the classroom was closely related to students' basic academic skills 

and the level of individual support provided [70]. These findings underscore the teachers' awareness of how they allocate 

visual attention, as it impacts student learning outcomes and the quality of support. Schindler's et al. [29] further 

confirmed that eye tracking can investigate interaction in authentic mathematics classrooms. In cooperative learning 
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contexts, eye-tracking has been applied to observe teachers' visual attention patterns, which were closely related to their 

scaffolding strategies [71]. Thus, eye tracking systems enable more naturalistic educational research by observing 

problem-solving strategies, visual attention, and engagement in authentic classroom situations [55]. This technology 

warrants consideration in the instructional process due to its potential to support personalized learning and enhance 

learning outcomes [72]. Overall, these findings confirm that eye tracking is not merely a methodological trend, but a 

bridge between research and practice that helps teachers understand interactions, attention distribution, and effective 

learning strategies in mathematics education. 

In the relational network map of authors, Hannula et al. [64] and Brockmole et al. [65] emerged as the most active 

collaborators. Meanwhile, Schindler & Lilienthal [9] were the most cited authors, with 78 citations across three 

documents. Regarding publication sources, 78 sources were identified as containing eye-tracking research in 

mathematics education, with Lecture Notes in Computer Science being the most productive, contributing seven 

documents. The International Journal of Science and Mathematics Education received the highest number of citations, 

with 241 citations across six articles. During the observed period, articles on eye tracking in mathematics were also 

published in psychology, cognition, and human behavior journals such as Psychological Research, European Journal of 

Social Psychology, Applied Cognitive Psychology, and Neuropsychologia. These findings suggest that eye-tracking 

research in mathematics education is positioned at the intersection of educational research, psychology, and cognitive 

science, while also gaining visibility in mathematics education–specific journals. This pattern reflects both the 

interdisciplinary nature of the method and its growing acceptance within the core field of mathematics education. 

An institutional and country-level analysis shows that 156 organizations from 38 countries have contributed to 

research on eye-tracking in mathematics. Universities in Europe and America dominate these studies, while 

contributions from Asian and African countries remain limited. This finding aligns with Chytry et al. [73] who noted 

that European and American countries have conducted more studies on Using Eye-Tracking in Education than Asian 

and African countries. Such dominance is likely due to the fact that the early foundational studies in modern eye-

tracking research originated in these regions. European and US countries have demonstrated a strong commitment 

through significant financial investments in this research field. In contrast, contributions from African countries and 

some lower-GDP Asian countries remain limited [73, 74]. However, their participation is strategically valuable, as it 

can enrich the diversity of global perspectives. Such contributions can be realized through active involvement in 

international research networks [4, 75]. Another contribution can be made using low-cost eye trackers, such as Eye 

Tribe, although their measurement accuracy is lower [76, 77]. However, these devices can be combined with 

interviews, think-aloud interviews, or stimulated recall interviews to gain detailed insights into students' engagement 

with mathematical tasks and processes [29]. 

In terms of collaboration, Finland was the most active country in global collaborative writing. Meanwhile, the United 

States has the highest significant number of cited articles. Among institutions, the University of Helsinki was the most 

active in collaborating on eye-tracking studies in mathematics education, maintaining strong connections with the 

University of Southampton, the University of Oslo, the University of Oulu, Uppsala University, Volda University 

College, Israel Institute of Technology, Queensland University of Technology, and SeeTrue Technologies. This suggests 

that research in this domain thrives on institutional collaboration, particularly among European universities with strong 

traditions in mathematics education and cognitive sciences. Such collaboration reflects the growing recognition of eye-

tracking as a valuable methodology and the development of an evolving international research ecosystem. When viewed 

in terms of the number of citations, Utrecht University has the highest number of citations. Interestingly, while 

institutions such as Utrecht and Cologne are notable for their consistent productivity, universities like the University of 

Michigan demonstrate that even a single high-quality publication can exert substantial influence, as reflected in its 

relatively high citation count. 

A co-occurrence analysis identified the most commonly used keywords in eye-tracking research in mathematics 

education, which represent the core concepts of the field [67]. The most common keywords were eye tracking, eye 

movement, mathematics, mathematics education, problem-solving, fractions, mobile eye tracking, mental arithmetic, 

learning, and mathematical difficulties. Figure 9 and Table 6 present the domains and topics investigated using eye 

tracking, including numbers and arithmetic, problem-solving, reasoning, individual differences, mathematical anxiety, 

mathematical creativity, mathematical representation, multimedia in learning, embodied cognition and embodied 

interaction, mathematics learning, mathematics difficulties, geometry, and preschool. Keyword analysis reveals that 

most eye-tracking studies in mathematics education have focused on numbers and arithmetic, including topics such as 

the number line, mental arithmetic, divisibility rules, fraction concepts, and comparison of rational numbers. These 

findings align with Strohmaier et al. [4] who observed that eye-tracking studies in mathematics education remain 

predominantly focused on numbers and arithmetic. Mock et al. [8] emphasized that numerical cognition, particularly the 

basic perception of number processing, is the most researched area. Furthermore, the topic of mathematical difficulties, 

also identified in the keyword analysis, is supported by Almfjord & Hallberg [11], who demonstrated that eye-tracking 

effectively identifies differences in strategies and elucidates the causes of errors and differences in response time. 

Furthermore, Paskovske & Kliziene [28] also highlight the potential of eye-tracking as a valuable tool for exploring 

students' problem-solving processes, consistent with the high frequency of related keywords in this study. 
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The bibliometric findings identified emerging topics in eye-tracking research, including mathematical anxiety, 

creative thinking, individual differences, and mathematical reasoning. Similarly, Schindler et al. observed that eye-

tracking research is expanding beyond cognitive processes to include affective aspects and more complex learning 

domains [29]. Eye tracking has proven effective in understanding the dynamics of anxiety and learning difficulties in 

mathematics, as visual patterns reflect both students’ affective load and cognitive constraints. Hunt et al. [15] found that 

students with high anxiety exhibited more fixations and saccades, indicating greater cognitive effort and difficulty in 

regulating attention. Li et al. [16] demonstrated that attentional control mediates the relationship between math anxiety 

and performance, with highly anxious students being more easily distracted by irrelevant information. Furthermore, eye-

tracking technology has proven valuable in understanding early mathematics learning difficulties, such as recognizing 

geometric shapes in preschool children [78] and the enumeration process in students with numeracy difficulties [14]. 

Similarly, Soares et al. [72] emphasized that eye tracking increases interactivity, maintains student focus, provides 

immediate feedback, and helps identify learning difficulties often overlooked by traditional observation. This finding is 

important from an equity perspective, enabling teachers to recognize the unique needs of students, including those who 

struggle silently due to anxiety or cognitive barriers, and to design more equitably, personalized, and context-sensitive 

interventions. Thus, eye tracking serves not only as a technical innovation but also as a tool to promote equity in learning. 

Furthermore, certain subtopics in the study's results only addressed specific mathematics topics to a certain extent. 

For instance, studies on creative thinking processes have only been conducted on primary school [6], high school [12], 

and postgraduate students [53]. Thus, future studies are suggested to investigate the creative process among prospective 

teachers or junior high school students to fill this gap. 

The use of eye tracking in mathematics education is on an upward trajectory and is expected to continue growing. 

This field has attracted increasing attention over recent decades and is likely to inspire further exploration. Our research 

can guide future studies by highlighting unresolved issues in understanding mathematical thinking processes, abilities, 

and skills, as well as other mathematical domains, such as soft skills, through eye tracking. The potential for research in 

ASEAN countries, where eye-tracking studies in mathematics remain limited, is particularly promising and could open 

new avenues for exploration. 

5- Conclusion 

This research analyzed articles on the application of eye-tracking in mathematics education from 2013 to 2023, 

sourced from the Scopus database, and represents the first bibliometric analysis in this field. It provides a comprehensive 

global overview of developments in eye-tracking research over the past 11 years, highlighting fluctuating annual trends. 

During this period, contributions came from 333 authors, 78 sources, and 156 organizations across 38 countries. The 

most cited publication was by Cortina et al. [42], and the International Journal of Science and Mathematics Education 

was the most frequently cited journal. Researchers from Germany and the United States were the leading contributors, 

with notable participation from Asia and Africa. The University of Helsinki emerged as the most active collaborating 

institution. Topic and domain analysis revealed that eye-tracking studies in mathematics education primarily examined 

numbers and arithmetic, with other areas receiving less attention. These findings highlight opportunities for future 

research, particularly in mathematical anxiety, creative thinking processes, individual differences, and mathematical 

reasoning. 

This research acknowledges several limitations that should be addressed in future studies. The analysis relied solely 

on the Scopus database, retrieved with Publish or Perish software, and examined using VOSviewer. While effective, 

future studies could benefit from incorporating alternative databases such as Web of Science, ERIC, or PubMed, each 

offering distinct advantages. Expanding the scope to include articles published in languages other than English would 

also enhance insights and coverage. With these considerations, future bibliometric studies can generate a more 

comprehensive understanding of the field. Despite these limitations, this study contributes to the development of future 

research, particularly in identifying topics and domains that require improvement in eye-tracking research in 

mathematics education. 
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