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Abstract

Trends and innovations in mathematics education are increasingly shaped by the integration of advanced technologies,
with Artificial Intelligence (Al) emerging as a particularly transformative force. This bibliometric review analyzes
274 academic publications from the LENS database to map the evolution of pedagogical methods and technological
integration over the past decade, offering a global perspective on the field. The analysis, employing co-authorship,
keyword co-occurrence, citation, and bibliographic coupling, identifies the intellectual structure of this research
landscape. Findings reveal that influential international collaborations and centers on key thematic clusters drive the
discourse. These data-derived clusters show that Al's role in personalizing learning is a dominant innovation, deeply
interconnected with broader themes of ICT integration, a global focus on gender equity, and the pursuit of student
motivation. The study demonstrates that technological integration, especially accelerated by the COVID-19 pandemic,
is reshaping pedagogical practices worldwide. Ultimately, this review underscores that while Al and other innovations
powerfully transform learning experiences, the global literature consistently affirms the continued importance of
human guidance in mastering complex mathematical concepts.
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Introduction

Mathematics education is changing significantly. New teaching methods and new technology drive this change. For a long time,
teachers used traditional methods like rote memorization. However, these old ways are often ineffective at helping students understand
deep concepts or develop critical thinking skills (Mustafa, 2023). This has created a need for new and better educational approaches.

Because of this need, teaching has shifted. It has shifted from a teacher-centered to a student-centered style. Modern math learning now
focuses on collaborative problem-solving and connecting math to students' real lives. This makes classrooms fairer and more inclusive
(Noboa & Santillan-Lima, 2023; Madi & Gusni, 2025). Different frameworks are also being used to make learning more engaging for
all types of students.

At the same time, digital technology is being used in schools more than ever. Digital tools make learning more dynamic and engaging
(Santos et al., 2024). Using technology in STEM education is very important. Tools like educational robotics help students learn
actively and understand abstract ideas (Gan, 2022). Globalization also pushes schools everywhere to use these new methods (Wanjiru,
2024).

Artificial Intelligence (Al) is one of the most powerful new technologies. Al can drive personalized learning. It moves education away
from a one-size-fits-all model (Borah & Borah, 2024). Al tools, such as intelligent tutoring systems, provide real-time feedback and
customized problems. This dramatically improves how students interact with challenging math concepts (Ayala et al., 2024).

Al can also customize educational content. Al systems can create personalized study plans for each student. This lets learners study at
their own pace and according to their needs (Branoaea, 2025). This kind of customization has been shown to increase student motivation
and independence (Ayala et al., 2024).

Chatbots are a popular Al application in education. Tools like ChatGPT are being used in courses to give a personal learning experience
with instant help (Rodriguez & Naval, 2025). For example, one study found that using ChatGPT helped students master grammar,
suggesting its potential for improving math skills as well (Rodriguez & Langam, 2025).

However, the benefits of this technology are not always shared fairly. The relationship between technology, equity, and gender is a
challenging issue. Even if technology helps many students, gender bias can still affect how female students are supported (Zuckerman
et al., 2024). Disparities in access to technology and teacher training also create unequal learning opportunities across regions (Madi
& Gusni, 2025; Bajana et al., 2025).

To fix these disparities, new models have been created. For example, Equity-Centered Adaptive Learning (ECAL) focuses on culturally
responsive teaching. Its goal is to help underrepresented students and close achievement gaps (Toromade et al., 2024). The aim is to
use technology to create an inclusive math learning experience for every student.

Teachers are the key to using these new technologies well. Bringing Al into the classroom is changing the skills teachers need (An,
2025). This change raises serious issues, such as fear of technology and a lack of training, which can hinder effective use (Albornoz
Fuentes & Chiappe, 2025). Al applications in assessment also raise concerns about digital equity (Dogruer, 2025).
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Even with these challenges, Al has great potential for teacher development. Al literacy is now seen as a necessary part of professional
teaching (Sagheem et al., 2025). Successful professional development in the Al age must focus on teamwork and fit with school goals
(Ndiaye, 2025).

Using digital tools also faces other general problems. The quality of using basic ICT in STEM subjects depends heavily on teacher
skill (Chan & Mohammad, 2024). A lack of digital resources and cultural barriers in many areas also remain significant problems for
success (Macharia, 2022; Khalid et al., 2024).

The current literature provides extensive knowledge of technology trends and the potential of artificial intelligence (Al) in education.
However, a significant research gap remains. There is no comprehensive, large-scale quantitative mapping of the research field itself.
The most influential authors, major collaborative networks, and interconnections among key research themes are not yet clearly
identified. Although some studies, such as Rodriguez and Naval's (2025) bibliometric analysis of chatbots, have provided valuable
insights, a broader global examination of Al use in mathematics teaching remains lacking.

Therefore, this study addressed this gap through a bibliometric review. It went beyond a simple story-like summary to provide a
quantitative map of the research. It showed the field's structure and how it has changed over the last 10 years.

Research Questions

This study aimed to conduct a bibliometric review of global trends and innovations in mathematics education, focusing on pedagogical
methods and technological integration over the past 10 years. By examining publication trends, key contributors, and emerging themes,
the study sought to provide an overview of the field and highlight areas for future research. Specifically, this study sought to answer
the following questions:

1. Who are the most influential authors and what are the predominant research collaborations in the field of mathematics
education innovation based on co-authorship analysis?

2. What are the most frequently occurring keywords and central research themes in trends and innovations in mathematics
education based on co-occurrence analysis?

3.  Which authors and publications have the highest citation impact in research on pedagogical methods and technological
integration in mathematics education?

4. How is the research on global trends in mathematics education thematically connected based on bibliographic coupling?

Methodology
Research Design

This study employed a bibliometric research design. According to Donthu et al. (2021), bibliometrics is "the statistical analysis of
books, articles, or other publications to measure the impact and map the development of research fields." Aligning with this definition,
this methodology was used to investigate the evolution of trends and innovations in mathematics education over the past decade,
focusing on pedagogical approaches, technological integration, and global perspectives.

Through this approach, the researchers quantified and mapped publication trends, analyzed collaboration networks, and identified the
most influential authors, institutions, and seminal studies shaping the field. Rather than examining the detailed content of individual
papers, this study emphasized broader patterns in the academic landscape, including the use of key terms, citation impact, and the
interconnections within scholarly networks, thereby providing a macro-level understanding of the research domain.

Procedure

This study adopted a bibliometric research design, sourcing data exclusively from the LENS database. The focus was on analyzing
global trends and innovations in mathematics education, specifically examining pedagogical methods and the integration of technology,
spanning from 2015 to 2025. An initial dataset of 569 records was retrieved using a refined search strategy with carefully selected
keywords. The search string combined relevant terms through Boolean operators as follows: ("artificial intelligence” OR AI) AND
("Mathematics Education" OR "Mathematical teaching strategy"” OR "Mathematics learning") AND (technology integration OR
Mathematics pedagogy OR Mathematics performance OR student engagement OR student achievement).

To ensure the dataset's relevance and accuracy, a rigorous cleaning and refinement process was applied. This involved eliminating
duplicate entries, filtering out incomplete or irrelevant records, and excluding studies outside the scope of global trends and innovations
in mathematics education. Only academic papers that explicitly addressed pedagogical approaches and the integration of technology
in mathematics education were retained, while non-academic sources and unrelated publications were excluded. Following this
thorough screening process, the final dataset consisted of 274 pertinent studies. The curated dataset was then exported in CSV format,
ensuring a well-structured, organized dataset for subsequent bibliometric analysis.

Data Analysis

The refined dataset was analyzed using VOSviewer, a specialized software for bibliometric mapping and visualization. This powerful
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tool enabled the identification of patterns in scholarly communication and research development. Four comprehensive analyses were
conducted: co-authorship analysis, which revealed collaboration networks among researchers; keyword co-occurrence analysis, which
highlighted dominant themes and frequently explored topics; citation analysis, which identified the most influential authors,
publications, and sources; and bibliographic coupling, which traced connections between studies through shared references.

The cleaned CSV file from the LENS database was imported into VOSviewer, where visual maps and clustering diagrams were
generated to illustrate trends and innovations in mathematics education, with a particular focus on pedagogical methods and technology
integration on a global scale. These analyses provided a thorough and insightful overview of the field, showcasing key contributors
and pointing to emerging research directions, thereby offering a clear representation of the evolving landscape of mathematics
education.

Ethical Considerations

This study was conducted in accordance with ethical research standards and used data from LENS, an open-access academic database.
Since no human participants or personal information were involved, there were no privacy or confidentiality risks. The analysis focused
exclusively on bibliometric data, such as publication details, citations, and author relationships, ensuring that the original studies were
neither altered nor misrepresented in any way.

Results and Discussion

Problem 1. Who are the most influential authors and what are the predominant research collaborations in the field of mathematics
education innovation based on co-authorship analysis?
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Figure 1. 4 Clustering Map of Co-authorship with a Minimum Number of Documents of the Author >2 and Minimum Number of
Citations of an Author >5

The co-authorship analysis, visualized in Figure 1, reveals a collaborative research landscape centered on key figures driving innovation
in mathematics education. The map identifies Qiaoping Zhang and Markku S. Hannula as central, highly connected nodes, indicating
their pivotal roles in shaping scholarly discourse. Their strong collaborative link suggests a shared research focus, likely on developing
and evaluating innovative pedagogical frameworks, including those driven by technology. Similarly, the prominent positions of Gerald
A. Goldin and Francesca Morselli, along with their extensive networks, indicate their significant influence in exploring how new tools
and methods affect student learning outcomes and teaching effectiveness.

The network further underscores the critical importance of interdisciplinary partnerships, as seen in the cluster that connects authors
such as Pietro Di Martino, Amanda Jansen, and Sonja Lutovac. These collaborations are essential, as the successful implementation of
classroom innovations hinges on more than just technology; it requires a deep understanding of pedagogical dynamics and teacher
readiness. This finding aligns with the literature, as Chan & Mohammad (2024) and Albornoz Fuentes & Chiappe (2025) emphasize
that educator proficiency and adequate training are fundamental to the effective integration of digital tools. The robust collaborations
within this network likely represent a collective effort to address these challenges, focusing on the human factors involved in adopting
new teaching methods.

In summary, the co-authorship network depicts a maturing field characterized by strong, cross-institutional collaborations. The central
roles of authors such as Zhang, Hannula, and Goldin highlight a foundation of influential research actively steering the development
of innovative applications in mathematics pedagogy. These collaborative efforts appear strategically aimed at bridging technological
innovation with effective pedagogical practice, ensuring that new tools and methods are developed and implemented in ways that
genuinely enhance both teaching strategies and student learning experiences.
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Problem 2. What are the most frequently occurring keywords and central research themes in trends and innovations in mathematics
education based on co-occurrence analysis?
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Figure 2. A Clustering Map of Occurring Keywords >5

The co-occurrence analysis of keywords, illustrated in Figure 2, maps the central thematic pillars of research on innovation in
mathematics education. The most prominent keywords—mathematics education, digital technology, and higher education—form a
core cluster, highlighting that the integration of advanced tools is a primary focus, particularly within tertiary-level instruction. This is
complemented by closely related terms such as ICT and STEM education, which underscore the interdisciplinary, technologically
driven nature of modern pedagogical approaches.

The strong presence of keywords like teaching and professional development points to a critical recognition that innovation is
contingent upon educator readiness. This aligns directly with recent literature, as Sagheem et al. (2025) identify Al and digital literacy
as essential competencies, emphasizing that effective implementation requires teachers to master new tools and methodologies.
Furthermore, the emergence of motivation and gender as significant themes reflects a growing scholarly concern for the human
dimensions of innovative learning environments. This focus resonates with the work of Zuckerman et al. (2024), who highlight the
need to address persistent gender biases and foster inclusive, motivating educational environments. Collectively, these keywords paint
a picture of a field that is not only focused on technological advancement but also deeply engaged with the pedagogical and equitable
practices necessary for its success.

Problem 3. Which authors and publications have the highest citation impact in research on pedagogical methods and technological
integration in mathematics education?
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Figure 3. 4 Clustering Map of authors with Highest Citation Impact with >3 Minimum Number of Documents of an author, and >10
Minimum number of citations of an author.

The citation impact map in Figure 3 identifies the most influential authors whose work underpins innovative mathematics education.
The analysis reveals distinct collaborative clusters, with the prominent red cluster comprising Robert Weinhandl, Tommy Tanu Wijaya,
and Yiming Cao. This group represents a strongly connected research network, likely focused on the empirical study of innovative
tools and pedagogical methods in learning environments. Their high citation impact suggests that their collective work is frequently
cited as evidence of efficacy, aligning with studies such as those by Ayala et al. (2024), which demonstrated significant improvements
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in student problem-solving through adaptive platforms.

A separate, green cluster includes authors such as Mao Li and Paul Drijvers, indicating a different yet influential thematic focus within
the field. The existence of these distinct but impactful clusters underscores that diverse scholarly communities are shaping the
intellectual structure of this domain. The high citation counts of these authors confirm that their contributions are central to the
discourse. This pattern of influential clusters reinforces the notion that advancing this field requires robust collaboration, a point
emphasized by Rodriguez & Naval (2025) in their bibliometric study, which highlighted the crucial role of collaborative research
networks in driving innovation and establishing a mature research landscape.

Problem 4. How is the research on global trends in mathematics education thematically connected based on bibliographic coupling?
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Figure 4. A Clustering Map of Source in Bibliometric Coupling (Documents) with >10 Minimum Number of Citations of a Document

The bibliometric coupling analysis, visualized in Figure 4, reveals the thematic architecture of research on global trends in mathematics
education by grouping publications that share standard foundational references. The map shows distinct clusters, indicating specialized
research fronts. For instance, the separation between clusters featuring authors like Laura Icela Gonzalez-Pérez and those including
Ayoub Kafyulilo suggests divergent thematic focuses, such as differentiated pedagogical applications versus broader technological
integration in teacher development. This aligns with the findings of Toromade et al. (2024), whose work on Equity-Centered Adaptive
Learning (ECAL) represents a specialized, socially oriented research front that builds on distinct theoretical foundations compared to
studies focused solely on technological systems.

Furthermore, the network demonstrates the field's evolution over time. The presence of recent authors within this intellectual structure
shows how new studies are building on and extending established thematic lines of inquiry. This continuous integration of new research
into existing frameworks underscores the field's dynamic nature. The thematic connections chart a clear progression from foundational
questions of implementation—addressing challenges such as teacher training, as highlighted by Albornoz Fuentes & Chiappe (2025)—
to more specialized and nuanced investigations into equity, personalization, and advanced pedagogical design. This map confirms that
the scholarly conversation is maturing, branching into dedicated sub-fields while remaining interconnected through a shared interest in
enhancing mathematics education through innovation.

Conclusions

To summarize, the bibliometric analysis reveals the profound impact of Artificial Intelligence (AI) on mathematics education,
demonstrating its potential to transform pedagogical methods and student engagement. Central figures like Qiaoping Zhang, Markku
S. Hannula, and Gerald A. Goldin stand at the forefront of this transformation, as evidenced by their extensive collaborations and high
citation impact. Their influential work in Al-based methodologies for mathematics education emphasizes the shift towards
personalized, adaptive learning environments that cater to diverse student needs. The co-authorship and citation networks, particularly
the robust partnerships between scholars such as Francesca Morselli and Sonja Lutovac, reveal a research community that is both
interconnected and interdisciplinary, working collectively to push the boundaries of Al's application in mathematics pedagogy. These
collaborations are essential for addressing the complexities of teaching advanced mathematical concepts while fostering deeper student
engagement and understanding.

Furthermore, the analysis of thematic connections within the literature highlights critical areas such as ICT integration, gender
dynamics, and student motivation, which are increasingly recognized as integral to the effective implementation of Al in education.
The focus on digital technology in conjunction with STEM education points to an evolving landscape in which technology, especially
Al, is used to enhance learning experiences. The rise of gender-inclusive practices and the need for contextual relevance reflect the
ongoing efforts to ensure equity and accessibility in education, particularly in low-resource settings. The bibliometric coupling map
further illuminates the field's dynamic nature, with the continuous emergence of new research, such as Dejan Ravselj's work, adding
fresh perspectives to long-established theories. As Al continues to evolve, this research underscores the importance of balancing
technological innovation with the irreplaceable value of human interaction, ensuring that Al becomes a powerful ally in the ongoing
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quest to improve mathematics education globally.
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