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Mathematical ability is a crucial aspect of modern life as it influences
various fields such as economics, technology, and science. This study,
spanning 2014-2023, examines articles on mathematical ability in leading
journals. Using the bibliometric methods, it includes article searches in
Scopus and Google Scholar via Publish or Perish (PoP), classification for
bibliometric analysis, metadata checks, and bibliometric analysis using
VOSviewer. The research shows a consistent trend in publications on
mathematical ability, with minimal fluctuations and significant citation
patterns. High-citation articles underscore the field’s importance in
knowledge advancement. Key terms are “ability’, ‘mathematical ability’, and
‘student’, indicating research focus areas. However, limited author
collaboration suggests potential for increased interdisciplinary synergy and
knowledge sharing. These findings highlight opportunities for enhancing
cross-disciplinary collaborations and research networks. They offer insights
for policymakers, educators, and researchers in understanding trends,
developing effective learning strategies, and encouraging further research in
mathematical ability. In summary, this bibliometric study provides a
comprehensive overview of the significance of mathematical ability in
research, emphasizing the need for collaborative, innovative educational and
research practices. It underscores the importance of further research to
deepen understanding and application of mathematical ability, promoting an
integrative approach in this essential field.
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1. INTRODUCTION

This piece delves into mathematical ability, employing a bibliometric method to examine and discern
patterns along with research traits spanning 2014 to 2023. Mathematical ability stands as a pivotal element in
math education, enveloping the comprehension of mathematical ideas, the application of solutions, and the
prowess of mathematical cognition [1]-[5]. Recognizing the intricacies of mathematical abilities holds
immense significance in educational realms since mathematics distinctly aids in honing reasoning, analytical
discernment, and aptitude in addressing challenges. By immersing in the essence of mathematical ability,
mathematics education experts can devise teaching approaches that are both impactful and apt.
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Mathematical ability is fundamental in shaping the cognitive and intellectual growth of students
[6]-[8]. Beyond aiding in grasping intricate mathematical subjects, it also refines their rational thought,
analytical capabilities, and problem-solving techniques [9]-[12]. An in-depth understanding of mathematical
prowess is paramount in the educational sphere, equipping teachers and mathematics instructional
professionals to devise more potent and appropriate teaching strategies [13]-[15]. By discerning the diversity
in mathematical capabilities, they can tailor methods to cater to various learning approaches and proficiency
levels, creating avenues for enhanced mathematical progression [16], [17]. Researchers regard bibliometric
analyses as pivotal in delineating bibliographic details in specific sectors [18]-[20]. In the context of this
investigation, the article leverages the bibliometric methodology to gather and scrutinize bibliographic
content associated with mathematical ability. This strategy taps into pertinent scholastic and scientific
literature databases, aiming to pinpoint publication counts, yearly publication distribution, journal ranking
categorization, and research affiliations concerning mathematical ability [21]-[23]. Such a bibliometric
assessment can spotlight the freshest research directions on mathematical ability and highlight the roles of
diverse institutions and nations in enriching the comprehension of mathematical competencies [24]-[26].
This information can provide important insights for researchers, educators, and practitioners of mathematics
education in designing syllabus and curricula as well as teaching strategies to enhance mathematical ability
particularly among school children [27]-[30].

The realm of mathematics education research is continually expanding, as evidenced by recent
studies focusing on various aspects of students' mathematical abilities. One such study aimed to understand
mathematics teachers' perceptions of students' problem-solving abilities. The research also highlighted
differences in students' problem-solving skills during online and offline learning, underscoring the need for
further investigation and improvement in this area [31]. This study contributes to the growing body of
literature on mathematics education and offers insights that can be used to enhance and evaluate students'
mathematical problem-solving abilities in schools across Sumatra.

In another vein, research has delved into the design and quality assessment of digital learning
platforms for diagnosing seventh-grade students' mathematical abilities in measurement and geometry. The
findings affirmed the platform's high level of usefulness, suitability, and accuracy, although its feasibility was
deemed moderately appropriate [2]. This digital tool stands as a valuable resource for diagnosing students'
mathematical abilities. Additionally, studies have explored the relationship between cognitive flexibility and
geometric abilities in problem-solving, advocating for the use of auxiliary lines to foster creative thinking
skills in geometry [32]. Furthermore, investigations into students' mathematical connection abilities have
revealed varying levels of proficiency across different indicators, highlighting areas for improvement [17].
Research employing an open approach to organize learning activities has also shown promise in developing
students' mathematical problem-solving and reasoning skills, demonstrating the effectiveness of action
research in achieving educational goals [32]. These studies collectively contribute to the enhancement of
mathematics education, providing evidence-based strategies for improving students' mathematical abilities.

Despite the abundance of literature, no comprehensive bibliometric study of mathematical ability
has been conducted in the last 10 years, particularly those using Scopus and Google Scholar as databases. In
this context, this article aims to complement other important aspects of mapping research on mathematical
ability, so that the mapping becomes more comprehensive. The focus of this study is a bibliometric analysis
of the mathematics ability model by considering publication trends, significant journal contributions, citation
patterns, author keywords, and collaboration of authors who publish articles. This research aims to explore
the landscape of scholarly work on mathematical ability by addressing the following questions:

i)  What are the trends in the publication of articles on mathematical ability from 2014 to 2023?

i)  What is the citation pattern for articles on mathematical ability from 2014 to 2023?

iii) What are the keyword trends used by authors in articles on mathematical abilities from 2014 to 2023?

iv) What is the pattern of collaboration between authors in articles on mathematical ability from 2014 to
20237

2. LITERATURE REVIEW

Mathematical ability is a crucial cognitive competence in today's era. Numerous studies have
attempted to explain various aspects related to mathematical abilities and their implications in different
situations. The role of mathematical abilities in the realm of educational and academic growth has been
investigated [33], [34]. Their work accentuates the need for adept mathematical problem-solving skills and an
intricate grasp of mathematical concepts for triumph in mathematics and adjacent disciplines.

A separate study focuses on identifying factors that influence students' mathematical abilities and
the effectiveness of innovative teaching methods in enhancing their academic performance. Emphasis is
placed on the importance of engaging students in challenging and relevant mathematical situations, which
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can cultivate a positive attitude towards mathematics [35], [36]. The research findings suggest that
instructional approaches based on understanding, collaborative learning, and hands-on involvement can
significantly improve students' mathematical abilities [37], [38]. The significance of deep and systematic
learning in enhancing mathematical abilities is emphasized, highlighting the necessity for an educational
approach focused on authentic problem solving tasks and the adoption of adaptable cognitive strategies [33],
[34]. This research also highlights the crucial role that teachers play in providing ongoing support and
feedback. This role is essential for students to hone their mathematical skills.

Significant research in the field of mathematical ability has been highlighted, focusing on the
variables that shape mathematical ability, powerful pedagogical methodologies, and the importance of
fostering a constructive mindset towards mathematics to achieve high mathematical competence. At the same
time, there are other investigations that further enrich our understanding of mathematical abilities. One study
explores the elements that influence students' achievements in mathematics. Their findings suggest that
aspects such as student self-confidence, intrinsic motivation, and the efficacy of educators play a crucial role
in shaping their mathematical abilities [39]-[41]. The context of evaluating mathematical competencies
highlights the creation of evaluative tools capable of holistically measuring mathematical abilities [42], [43].
The primary focus is on developing instruments that cover both cognitive and conceptual mathematical
dimensions. This includes problem-solving skills and mathematical communication abilities.

Emotional factors such as mathematics anxiety play a crucial role in the resolution of arithmetic
problem-solving even during the early years of formal education [44]. Emotional intelligence, self-esteem,
and self-efficacy have a significant influence in predicting students’ academic achievement in mathematics,
affirming that these factors are key determinants in their success in the field [45], [46]. These findings
underscore the importance of addressing emotional and psychological aspects in mathematics education to
enhance students' overall performance and confidence in the subject. Mathematics educators need to be
skilled and use effective strategies to teach mathematical concepts. Their ability to link students' basic
knowledge with advanced mathematical themes is key to their approach. These methods greatly enhance the
overall development of learners' mathematical abilities [47], [48].

These investigations illustrate the intricacies of mathematical abilities and the myriad elements that
shape them. A profound comprehension of mathematical ability, coupled with insights into its influencing
factors, can aid in crafting efficient pedagogical methods, pinpointing student learning requirements, and
formulating pertinent and stimulating educational tactics. Such strategies not only foster a deeper
understanding of mathematical concepts but also promote a positive learning environment that encourages
student engagement and perseverance.

3. RESEARCH METHOD

This study adopts a bibliographic research framework, utilizing systematic and explicit mapping
techniques sourced from various previous publications [49]. The literature review is structured into four
distinct phases: search procedure, filter bibliography, bibliographic completeness, and bibliometric analysis
[50], [51]. The application of systematic mapping techniques in bibliometric studies, the integration of
bibliometric evaluations with mapping the research landscape, the significance of bibliometric techniques in
measuring research caliber and impact, and insights into using computational tools for bibliometric
monitoring are all explored [52]. Through comprehensive bibliometric evaluation, this research aims to
employ established methodologies and enhance understanding of mathematical abilities, leveraging the
aforementioned scholarly works.

3.1. Search procedure

The software Publish or Perish (PoP) was utilized to probe bibliographic databases, specifically
Scopus and Google Scholar. These databases stand out as the predominant reservoirs offering expert-
reviewed literature. The selection of Scopus and Google Scholar stems from their comprehensive spectrum of
content in comparison to other archives [23], [49]. Notably, they encompass roughly 70% more published
works than Web of Science [50]. In this analysis, criteria were defined for all bibliographies to be included,
including types of bibliographies consisting only of journals, article titles that included “mathematical
ability”, and a year limit of searches for the past 10 years, i.e., between 2014 and 2023. Figure 1 illustrates
the bibliographic search process using the PoP application.

Results from bibliographic searches are first stored in the Mendeley application, a popular reference
management tool popular with researchers. Once the data has been successfully imported into Mendeley, it is
then exported to a compatible format to open using the Excel application. Excel application is used because
of its functionality that makes it easy to manage, sort, and filter data efficiently. Once the file is successfully
opened in Excel, the next step is to carefully check each data entry to make sure there are no errors or
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discrepancies. In addition, metadata that may be incomplete or inconsistent is also equipped to ensure the
integrity and accuracy of the information in the analysis that will be carried out next.
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Figure 1. PoP application bibliography search

3.2. Filter bibliography

Several criteria are used as filters in the bibliographic sorting process, including: i) containing
information about mathematical ability; ii) written in English or Indonesian; and iii) published by featured
publishers from bibliographic databases. Any bibliographies to be included or excluded from bibliometric
analysis were re-examined using data retrieved from PoP application in the Scopus and Google Scholar
databases. Only journal and conference bibliographies are selected, while other types of bibliographies, such
as erratum, notes, editorials, reviews, cloning, or articles without abstracts, are not included.

Initial search results using the PoP application resulted in 2,000 bibliographies, which were then
filtered into 1,722 selected bibliographies according to specified criteria. A total of 278 bibliographies did not
meet the criteria, so they were excluded. Table 1 displays the total number of bibliographies from 2014 to
2023 obtained through PoP application. Table 1 shows that in the 2014 to 2023 range, the paper on
mathematical ability is relatively constant. In 2022, there will be an increase of 181 papers. In 2023, only 158
papers were recorded, because the search was carried out until May 2023.

Table 1. Bibliographic selection results
Year of publication  Inclusion  Percentage (%) Exclusion  Percentage (%)  Total

2014 173 86.5 27 135 200
2015 171 85.5 29 145 200
2016 172 86.0 28 14.0 200
2017 172 86.0 28 14.0 200
2018 177 88.5 23 115 200
2019 172 86.0 28 14.0 200
2020 173 86.5 27 135 200
2021 173 86.5 27 135 200
2022 181 90.5 19 9.50 200
2023 158 79.0 42 21.0 200
Total 1,722 278 2,000

3.3. Bibliography completeness

Checking and completing the metadata of each article is carried out to ensure the completeness of
the bibliography that has been filtered. In this examination, various aspects were reviewed, including article
title, author name, affiliation and country of origin, abstract, author keywords, article link, publisher, and year
of publication. Once metadata verification is complete, bibliometric analysis is then carried out.

3.4. Bibliometric analysis

Bibliometric analysis is carried out based on the following aspects: i) publication trends; ii) most
frequently cited articles; iii) author keywords that appear most often in articles; and iv) collaboration between
authors. In addition, it also analyzes the relationship between these aspects. To carry out bibliometric analysis
and visualize the results, we used the VOSviewer application. VOSviewer is specifically designed to work
efficiently with large volumes of data and offers a wide array of visualizations, analyses, and observations
[53]. In addition, VOSviewer is able to generate maps for publications, authors, or journals by analyzing
co-citation patterns, as well as creating keyword maps based on the framework of scattered topics [54]. For
analysis in VOSviewer software, bibliographic files are used as the primary input file format.
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These elements are analyzed not only independently but also in connection with each other to offer a
comprehensive view of the field's dynamics. Publication trends reveal shifts in the research landscape over
time, highlighting how new trends can spark scholarly interest. The most frequently cited articles provide
insights into the foundational works that have shaped current research directions, linking historical impacts to
contemporary trends. Author keywords show the thematic focus and consistency within the field, reflecting
shifts towards new or evolving research topics. Collaboration among authors illustrates the networked nature
of research, emphasizing how partnerships enhance the development of prominent topics reflected in
publication and citation trends. By examining these aspects together, we gain a deeper understanding of how
collaborative networks influence topic popularity, and how these topics drive publication trends, thereby
offering a holistic view of the bibliometric landscape where scholarly output and collaboration are both
influenced by and contribute to evolving research themes.

4. RESULTS AND DISCUSSION
4.1. Publication trend-based analysis

Figure 2 depicts the progression in the publication of journal articles addressing mathematical
ability between 2014 and 2023. The chart highlights the annual fluctuations in the count of such articles. This
trend reflects the growing interest and focus within the academic community on understanding and
improving mathematical abilities.

Figure 2 displays the annual count of articles focused on mathematical ability between 2014 and
2023, ranging from 158 to 181 articles in any given year. On inspection, the volume of articles stays more or
less consistent throughout these years. The zenith was in 2022 with 181 articles, while the troughs were seen
in 2015 and 2020, registering 171 and 173 articles, respectively. It is crucial to mention that the 2023 data
was accumulated only up to May, making the count for this year provisional and not necessarily
representative of the entire year. However, the enduring pattern intimates a sustained research inclination
towards mathematical ability over this duration.

The data indicates a relatively stable trend, despite variations in the number of articles each year.
Although the peak occurred in 2022, it is important to note that the data for 2023 only includes articles
published until May. This suggests that conclusions about the overall trend for that year need to be carefully
considered. Furthermore, the focus on the top 10 journals featuring articles on mathematical ability research
highlights the relevance and importance of this research in various aspects of life. However, to better
understand the underlying factors driving these trends, further analysis of changes in research funding,
educational policies, or emerging research areas in the field of mathematical ability is needed. Such analysis
can provide deeper insights into the dynamics of research in this field.

Subsequent data present the leading 10 journals that featured articles on mathematical ability
research from 2014 to 2023. Such research underscores a comprehensive desire to both comprehend and
enhance mathematical abilities in diverse facets of existence. These journals serve as key platforms for
disseminating critical findings and advancements in the field, further emphasizing the importance of this area
of study.
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Figure 2. Publication trends per year

Table 2 indicates that studies on mathematical ability are disseminated across a range of journals.
This includes those that exclusively delve into mathematics education, as well as those with a broader
multidisciplinary focus. Taking the lead is the Journal of Experimental Child Psychology, featuring a total of
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48 articles that center on mathematical abilities in the young demographic. Broadly speaking, these journals
address multiple facets of mathematical ability. Topics span developmental psychology, education,
sustainability, and distinctions at an individual level. Such a spread underscores the significance of adopting
a comprehensive perspective when seeking to comprehend and nurture mathematical abilities across different
scenarios. Given this array of publications, the academic and professional community is well-equipped with
diverse sources to tap into the most recent findings in the realm of mathematical ability research. A more
visual representation of this data, in the shape of a pie chart, can be found in Figure 3.

From Figure 3, the Journal of Experimental Child Psychology is a leading source for articles on
mathematical abilities, comprising 18.6% of the publications, highlighting its significant role in this research
area. PLoS ONE follows, accounting for 12.4%, reinforcing its importance in disseminating research related
to mathematical ability. Other journals including Developmental Science, Frontiers in Psychology, Journal of
Educational Psychology, Sustainability (Switzerland), Journal on Mathematics Education, Developmental
Psychology, Early Childhood Research Quarterly, and Learning and Individual Differences, though
contributing lower percentages, still play a crucial role in the ongoing study of mathematical abilities.

From the analysis, it is evident that the Journal of Experimental Child Psychology is a pivotal source
for research on mathematical abilities. This journal's leading position can be attributed to its focus on
comprehensive empirical studies that explore cognitive development processes, including mathematical
skills, in children. The journal's rigorous peer review process and its reputation for publishing
methodologically sound research contribute to its prominence in the field. Following closely, PLoS ONE
accounts for 12.4% of the articles, highlighting its role in broadly disseminating diverse and interdisciplinary
research on mathematical abilities. Other journals such as Developmental Science, Frontiers in Psychology,
Journal of Educational Psychology, and Sustainability (Switzerland), though contributing smaller
percentages, still significantly impact the field by covering various aspects of educational and psychological
development that include studies on how children learn and develop mathematical skills. Each journal's
unique editorial focus and commitment to advancing research in child development and educational
psychology ensure their crucial roles in enriching the academic discourse on mathematical abilities.

From this diagram, it can be concluded that there are a number of journals that play an important
role in the publication of articles related to mathematical ability. This highlights the widespread curiosity
across multiple disciplines in comprehending and enhancing mathematical abilities in diverse settings. Such
insights are valuable for researchers and educators, providing them with a gateway to the most recent
materials and discoveries showcased in these journals.

Table 2. The journals that have published the most articles on mathematical abilities from 2014 to 2023

Journal Number of articles
Journal of Experimental Child Psychology 48
PL0oS ONE 32
Developmental Science 29
Frontiers in Psychology 27
Journal of Educational Psychology 24
Sustainability (Switzerland) 24
Journal on Mathematics Education 22
Developmental Psychology 18
Early Childhood Research Quarterly 17
Learning and Individual Differences 17
Total 258

B Journal of Experimental Child Psychology
W PLoS ONE
Developmental Science
B Frontiers in Psychology
Journal of Educational Psychology
Sustainability (Switzerland)
M Journal on Mathematics Education

B Developmental Psychology
B Early Childhood Research Quarterly
M Learning and Individual Differences

Figure 3. The proportion of journals that frequently feature articles about mathematical abilities
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4.2. Citation count analysis (annual citations)

This section is the data detailing annual citation counts spanning from 2014 to 2023. This data
provides valuable insights into the impact and recognition of research on mathematical abilities over the
years. Analyzing these citation trends can help identify influential works and emerging themes within the
field. Table 3 indicates a noticeable decline in annual citations over the years, with research on mathematical
ability from 2014 to 2016 showing a greater influence through higher citation counts from those years.
However, the citation count for 2023 stands at 141, which is significantly lower than earlier years, possibly
because the data only covers up to May 2023, suggesting the year may not yet have reached its peak in
citations. Despite this downward trend, the combined citations from 2014 to 2023 amount to 66,974,
highlighting the sustained interest and recognition of research in mathematical ability within scholarly and
research communities.

Evaluating based on citation counts, it is evident that studies concerning mathematical ability from
2014 to 2023 have left a considerable mark in terms of their citation impact. Even though there is a yearly
decrease in citation counts, it does not diminish the importance and pertinence of these studies in enhancing
our comprehension and development of mathematical abilities. Future studies will be paramount in further
deepening this understanding, especially in educational and child development settings.

4.3. Top 10 most cited articles

In Table 4, there is a list of the 10 most cited articles on mathematical ability. The article with the
most citations is ranked first, namely the article published by Raissi and Karniadakis [55] in 2018 with 580
citations, followed by Ceci et al. [56] in second place with 544 citations. Ranks third, fourth and fifth also
show a high number of citations, above 400. Meanwhile, ranks sixth to tenth also have a fairly high number
of citations, above 200 and below 400.

Table 4 shows the 10 most cited articles on mathematical ability research from 2014 to 2023
providing an important overview of topics that have received widespread attention and recognition within the
academic community. These articles cover areas such as machine learning, changing academic landscapes,
growth mindsets, numerical magnitude processing, gender equality in science, technology, engineering, and
mathematics (STEM) education, spatial training, increasing resilience of minority students, and the
relationship between early math knowledge and achievement in secondary schools. With a high number of
citations, these articles make an important contribution to the understanding and development of the field of
mathematical ability. Further research and discussion on these topics can help improve educational strategies
and interventions to optimize mathematics learning in diverse contexts.

4.4. Author keyword-based analysis

Analysis based on the author's keywords was carried out using the VOSviewer application. The
application allows visualization of relationships between keywords that frequently appear in publications,
providing an overview of dominant themes and how they are interrelated in the context of research. Figure 3
illustrates the results of the analysis of 584 author keywords. To obtain a more significant measure, only the
author's keywords that appear at least three times are analyzed. The results yield 15 author keywords that are
strongly connected. The author's 15 keywords are then divided into 4 groups (clusters), each of which is
given a different color. Group 1 (red) includes 4 items, while group 2 (green) consists of 4 items. In addition,
group 3 (blue) has 4 items and group 4 (yellow) contains 3 items. Each group displays a set of data that has
certain characteristics or relationships in the analysis performed.

Figure 4 shows that the keywords using the terms “ability”, “mathematical ability”, and “student”
have produced the most results. The keywords “student mathematical problem” and “self-efficacy” are still
little researched and are recommended for further research. This indicates a need for more focused studies on
these less explored areas to broaden the understanding of factors affecting mathematical abilities.

Table 3. Number of citations per year
Year of publication  Number of citations  Number of articles

2014 11,990 173
2015 9,494 171
2016 9,642 172
2017 8,893 172
2018 8,358 177
2019 7,435 172
2020 5,435 173
2021 3,059 173
2022 1,258 181
2023 141 158
Total 66,974 1,722
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Table 4. Most cited articles on mathematical ability in 2014 to 2023

No.  Study qut_)er of Key findings/recommendations
citations
1 [55] 580 This study's findings represent the introduction of a new paradigm in investigating partial differential

equations from limited data sets. The researchers developed a hidden physics model that functions as
an efficient learning machine capable of exploiting the underlying physics principles, which are
represented as time-dependent and nonlinear partial differential equations [55].

2 [56] 544 Gender inequalities in views and expectations for mathematical jobs and talents begin as early as
kindergarten and intensify with age, according to one study. This influences women's proclivity to
pursue non-math-intensive science disciplines rather than math-intensive fields in college. For more
than a decade, the overall percentage of women in STEM majors has been at or near 50%.

3 [57] 486 According to the findings of this study, a brief online growth mindset intervention that teaches that
intellectual abilities can be developed has a positive effect on academic outcomes of students with
lower achievement and increases the number of students taking advanced-level mathematics courses.
The investigation was carried out with a sample of students from all over the United States [57].

4 [58] 431 This discovery adds significantly to our understanding of how numerical magnitude processing
affects overall mathematical competence. It also gives critical information for the creation of methods
and interventions to improve mathematical skills in people of all ages [58].

5 [59] 426 According to the study's findings, the underrepresentation of women in STEM sectors is a persistent
problem for social scientists and policymakers. However, data from an international database on
adolescent achievement in science, mathematics, and reading show that in two out of every three
countries, girls perform similarly or better than boys in science, and in almost all countries, more girls
appear to have the ability to pursue STEM education than those who have enrolled [59].

6 [60] 316 According to the findings of this study, there is a moderate but statistically significant association
between number acuity, which is the capacity to estimate the quantity of things in a particular setting
quickly and non-symbolically, and symbolic mathematics proficiency [60].

7 [61] 308 The results of this study show that a single session of mental rotation training utilizing an item
completion task improves math ability in children aged 6 to 8. Children who underwent spatial
instruction improved significantly on calculating difficulties [61].

8 [62] 300 The Joint Working Group on Improving Underrepresented Minorities (URMS) Persistence in STEM
made five suggestions to improve URM persistence in STEM areas at the undergraduate level. These
ideas center on removing institutional barriers and putting interventions in place to boost students'
enthusiasm, commitment, and capacity to continue in STEM subjects [62].

9 [63] 290 According to the study, children's arithmetic ability at preschool age (54 months) have a substantial
association with their mathematics accomplishment throughout adolescence (at the age of 15) [63].
10 [64] 270 According to the findings of this study, an innovative educational strategy that includes support for

self-regulation, particularly executive functions, into reading, mathematics, and science learning
activities for kindergarten children has a good influence on a variety of factors [64].
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Figure 4. Keyword network visualization

4.5. Author collaboration-based analysis

The results of the analysis of author collaboration using VOSviewer with at least one document
show that out of 183 authors, there are 2 authors who have strong connections. Each author has 1 link and
one document. The pattern of author collaboration is illustrated in Figure 5. The figure illustrates how authors
work together in the same document, resulting in a close link between them. Because there were 183 authors
analyzed, this demonstrates a lack of collaboration in the study of mathematical ability. This limited
collaboration suggests that increased interdisciplinary and joint research efforts could lead to more
comprehensive insights and advancements in understanding mathematical ability.
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Figure 5. Visualization of the author collaboration network

During the last 10 years, the trend of publication of articles on mathematical ability from 2014 to
2023 shows relative stability in the number of publications. Although there are annual fluctuations in the
number of articles, there does not appear to be a significant trend of consistent increase or decrease.
However, it should be noted that in 2022 there has been a significant increase in the number of articles
published. The citation pattern for articles on mathematical ability in the 2014-2023 period also shows an
interesting trend. The article with the highest humber of citations topped the ranking, showing recognition
and the impact of research. Articles with high citations generally cover important and relevant topics, such as
machine learning, the growth mindset, numerical magnitude processing, and gender equality in STEM
education.

For the trend of keywords used by authors in articles about mathematical abilities in the 2014-2023
period, in the analysis of the trend of keywords used by authors in articles about mathematical abilities in the
2014-2023 period, it can be seen that terms such as “ability”, “mathematical ability”, and “student” are the
keywords most often used. This shows that research in the area of mathematical ability focuses a lot on
aspects of mathematical ability itself, both in the context of individual and group students. Over all, the
keyword trends indicate a strong focus on understanding, evaluating, and developing math skills, especially
in the student population. By understanding these trends, researchers can direct their studies in relevant
directions and make valuable contributions to the understanding and development of mathematical abilities.

The pattern of collaboration between authors in articles about mathematical ability in the 2014-2023
period uses VOSviewer with a minimum number of appearances of one document. From the analysis of 183
authors, only a pair of authors seemed to have a close connection. This highlights a potential deficiency in
collaboration within the realm of mathematical ability during the time frame observed. The data suggests
these two authors may have worked together on a particular piece, establishing a strong bond between them.
This signifies that co-operation in mathematical ability research appears to be infrequent, with very few
authors joining forces.

This scarcity of collaborative efforts in the exploration of mathematical ability can lead to several
repercussions. Firstly, limited collaboration could hinder the expansive sharing of ideas, insights, and
comprehensive understanding in this arena. More inclusive and diversified collaborations could foster varied
viewpoints, fresh ideas, and groundbreaking findings when it comes to understanding and cultivating
mathematical abilities. Secondly, this lack of collaboration might also impede the progress of this domain in
its entirety. Expanded teamwork can spur more advancements and pivotal revelations in mathematical ability
research.

To bolster collaboration in mathematical ability research, fostering dialogue and partnerships among
scholars in this domain is paramount. Venues such as symposiums, seminars, and colloquia can act as
catalysts to spark collaboration among scholars with aligned interests and skills. Furthermore, securing
funding and backing from institutions that promote collaboration and knowledge-sharing can be instrumental
in fueling more dynamic teamwork in investigations surrounding mathematical abilities.
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5. CONCLUSION

This study highlights the consistent interest in research on mathematical abilities over the period
2014-2023, despite minor fluctuations in the number of annual publications. The findings show that there is no
significant trend of drastic increase or decrease in research publications, but certain articles have gained high
citation numbers, underscoring their impact in this domain. Predominant keywords such as “ability”,
“mathematical ability”, and “student” reflect a focus on enhancing mathematical skills among learners.
However, collaboration patterns among authors reveal limited teamwork, suggesting the potential for
increasing partnerships to enhance knowledge sharing in this field.

The research also acknowledges its limitations, including reliance on a single bibliometric analysis
application and limited data sources (Scopus and SINTA). Future studies are encouraged to expand the tools
and data sources, such as IEEE Xplore, Web of Science, and others, to provide a broader perspective.
Collaborative research across disciplines educators, psychologists, and mathematicians is essential for
innovative developments in mathematical ability. Additionally, exploring self-efficacy’s influence, effective
teaching models, and cross-national collaborations with prominent researchers can enrich future studies and
contribute to improved mathematical learning strategies tailored to diverse educational needs.
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