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 This study conducted a bibliometric analysis to investigate the trends and patterns in the application of artificial 

intelligence (AI) in mathematics education during the period 2020-2025. By analyzing a large dataset of scholarly 

publications, the study aims to identify the key research areas, influential researchers, and emerging trends in this 

field. The findings of this study provide valuable insights into the current state of AI research in mathematics 

education and highlight the potential of AI to revolutionize teaching and learning mathematics. 
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INTRODUCTION 

Bibliometric analysis is a quantitative method used to evaluate and analyze academic literature within a specific field. This 

approach employs statistical and mathematical techniques to assess various aspects of publications, such as citation counts, 

authorship patterns, and publication trends (Marvi & Foroudi, 2023; Riaman et al., 2022; Wulansari et al., 2020). It helps in 

identifying influential researchers, key studies, and emerging research areas by visualizing data through tools like VOSviewer and 

CiteSpace (Yardibi & Demirci, 2025; Donthu et al., 2021; Grassia et al., 2025). Bibliometric analysis can map relationships between 

concepts, track the evolution of research topics, and provide insights into the state of the art in a particular domain (Aleixandre-

Benavent et al., 2017; Abd Kadir et al., 2024; Irwanto et al., 2023). It is widely used across different scientific disciplines, including 

educational science, medicine, environmental science, and business research, to guide future research directions and 

policymaking (Benavides-Sánchez et al., 2025; Koo & Lin, 2023). Despite its popularity, there is a need for standardized reporting 

guidelines to ensure consistency and reliability in bibliometric studies (Koo & Lin, 2023). 

Through stages of development, bibliometric analysis has had strong influences on the development of educational science 

in the world, attracting the attention of many researchers (Awang et al., 2025; Kondrashev et al., 2024; Pavlova, 2024). 

Currently, bibliometric analysis has been widely applied in many research fields such as information technology, religion, 

biology, science and technology, etc. In particular, many scientific topics have conducted bibliometric analysis in the field of 

educational science, typically including development of physics teaching aids (Krismayani et al., 2021), trends in using information 

technology in teaching mathematics (Muhammad et al., 2022), technology-based learning (Putri, 2017), technology-based biology 

teaching aids (Muhammad et al., 2022), creating dynamic graphics as digital learning aids (Rahmawati et al., 2022). 

Many previous studies have leveraged bibliometric analysis tools such as VOSviewer and Bibliometrics with data from Google 

Scholar to explore trends in education, such as the Metaverse Trends Computational Mapping (Muktiarni et al., 2023) and the 

education research bibliometric analysis (Al Husaeni & Nandiyanto, 2022). However, these tools are only a small part of the tools 

available. To conduct a more comprehensive analysis of AI research in mathematics education, we used CiteSpace, a powerful 

tool that provides visualizations of relationships between authors, institutions, and collaboration networks. 

A review of the literature shows that no prior study has combined CiteSpace with both Scopus and Web of Science data sources 

to conduct a bibliometric analysis on the development of AI in mathematics education. This study aims to fill that gap by applying 

this integrated model to analyze the trends and knowledge structure in this particular field. 

AI applications are gaining significant traction in education, particularly in mathematics. Research has explored AI's potential 

in various educational contexts (Chen et al., 2020a; Cope et al., 2020; He et al., 2019; Schiff, 2021; Vaishya et al., 2020). AI's rapid 

evolution (Gao, 2020) can enhance student learning by improving mathematical skills and cognitive abilities. While technology 

should augment human thinking (Popenici & Kerr, 2017), AI can facilitate faster and easier access to information, empowering 
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independent learning. However, AI will not replace educators (Cope et al., 2020) and challenges remain in effectively integrating 

these technologies (Popenici & Kerr, 2017). 

AI, encompassing expert systems, natural language processing, speech recognition, and machine vision, aims to replicate 

human intelligence in machines. Pedagogical agents, a type of AI software, can personalize learning experiences. While AI excels 

at complex tasks, concerns exist about its potential impact on human jobs. These concerns, termed "risk perception of AI" (Neri & 

Cozman, 2020), stem from anxieties about potential negative consequences. Despite these concerns, AI offers significant benefits 

in education, such as enhancing student engagement (Francis & Davis, 2018). Research has explored the use of robotics in 

mathematics education (Lopez-Caudana et al., 2020), particularly to address the challenges of learning programming and 

problem-solving at a young age. 

Existing systematic literature reviews (SLRs) exploring educational robotics in education, including mathematics, are limited 

(Chen et al., 2020a; Guan et al., 2020; Zhong & Xia, 2020). While Zhong and Xia (2020) focus on empirical evidence for robotics in 

mathematics, previous SLRs have primarily concentrated on AI applications in fields like engineering and computer science, 

neglecting its potential in mathematics education. This review aims to fill this gap by providing a comprehensive overview of AI's 

role in teaching and learning mathematics across all educational levels. It will investigate the impact of AI, including personalized 

learning, adaptive learning, intelligent tutoring systems, virtual learning environments, educational chatbots, automated grading, 

expert system. 

 This paper answers the following two research questions: 

RQ1 How is the research landscape of artificial intelligence in mathematics education geographically distributed across 

different countries and institutions? 

RQ2 What are the current and emerging research topics in this field? 

METHODOLOGY 

Research Design 

A comprehensive literature review was conducted to answer our research questions. This study only considered articles 

published between 2020 and 2025; no older articles were included. The review process we followed was as follows: 

Step 1: Collect data 

To conduct a systematic study, the first step is to identify the appropriate database for the research area. Popular academic 

databases include Scopus, Web of Science, and Google Scholar. In this study, we will focus on two main data sources, Scopus and 

Web of Science (WoS). Data will be extracted from both platforms to ensure comprehensiveness. For the data source from Scopus, 

the extraction process will be conducted according to a specific scheme to ensure efficiency and accuracy (see Figure 1). 

To collect data effectively, the researcher first needs to build a detailed list of keywords related to his research topic (Table 2). 

This list should include synonyms and related terms to ensure the search is comprehensive. Once a list of keywords is compiled, 

the database search tools are used to find and download the appropriate data. Make sure that the data is formatted consistently 

to facilitate the next steps of analysis. 

Step 2: Data preprocessing 

In the data preprocessing step, the first step is to clean the data to remove duplicate, irrelevant records, and errors. This 

process helps ensure that each piece of information is unique and accurate. Next, data normalization is performed to ensure 

consistency. This includes normalizing keywords, author names, and organization names so that different variations of the same 

entity are treated the same. By combining these two steps, the data becomes clean and consistent, creating a solid foundation for 

the subsequent analysis steps. 

 

Figure 1. Data collection process (Source: Author’s own elaboration) 
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Step 3: Network construction 

After collecting and preprocessing the data, the next step is to build networks to analyze the relationships between research 

entities. Citation networks are created based on the citation relationships between documents, helping to visualize how ideas and 

research influence each other over time. Meanwhile, co-authorship networks are built to represent collaboration between 

researchers, allowing the identification of influential research groups and authors. Finally, keyword networks are formed based 

on the co-occurrence of keywords in the same document, thereby helping to highlight related research topics and the structure of 

a scientific field. The construction of these three types of networks provides a comprehensive view of the internal structure and 

dynamics of a research field. 

Step 4: Network analysis  

Network analysis is a powerful method used to reveal the underlying structure of a research field. By treating research data as 

a network of interconnected nodes and links, researchers can gain a deeper understanding of its key components and their 

relationships. Clustering algorithms are used to group nodes (e.g., documents, authors) into smaller, more manageable clusters, 

with each cluster representing a distinct research topic or subfield. This helps to identify the major themes within the larger 

network. Centrality analysis helps identify the most important nodes. A node with high centrality, such as an influential document 

or a key author, is a central hub in the network, often connecting different research topics or having a significant impact on the 

field. Finally, shortest path analysis helps researcher map the connections and intellectual evolution within the network. By 

finding the shortest paths between nodes, you can trace how one idea or paper influenced another, revealing the direct 

relationships and flow of information between concepts, authors, or research topics. 

Step 5: Visualize the results 

The analysis and interpretation process is an important step in assessing the current state of a field and determining its future 

direction. First, researchers need to identify trends by identifying emerging and declining research topics. Emerging topics often 

have a rapid increase in publications, attract new researchers, and are increasingly cited. Conversely, declining topics may have 

been fully exploited or have lost much potential. Next, to assess the importance of a topic, researchers should rely not only on the 

number of papers but also on the number of citations, as this is a measure of its influence and impact. Other indicators such as 

funding and media attention also reflect the importance of a topic. Finally, identifying research gaps is essential for researchers 

to make a valuable contribution. This gap may be an under-researched problem, an under-applied method, or an area of conflict 

that needs to be resolved. This process helps you not only understand the big picture of the industry but also find opportunities 

to explore and develop new ideas. 

FINDINGS 

This section presents some results obtained from the CiteSpace-Scopus-Web of Science model. Accordingly, the results are 

focused on the development trend of AI in mathematics education. To serve this research, 365 articles were collected from Scopus 

and Web of Science database, the number and selection criteria are described in Table 1. 
 

Visual Analysis of AI Distribution Map between Author, Countries, Affiliation and Subject Area 

Figure 2 shows the number of papers published by country or region, with China leading the way with 78 papers, dominating 

the rest. Saudi Arabia is second with 63 papers, followed by the South Korea with 49 papers, showing the strong contribution of 

these three countries to the field of scientific research. Other countries such as Spain (39), India (33) and Romania (26) have lower 

numbers of papers but still show significant efforts. In addition, United States (30) and Pakistan (350) also contribute to the overall 

number of scientific publications. The chart shows a clear division between China and the rest and reflects the development of 

science on an international scale. 

Table 1. Data description 

Inclusion criteria Exclusion criteria  

Published between 2020 and 2025 <2020 

Document type Not Article 

English language Not English 
 

Table 2. Synonyms and alternatives terms for main search terms 

Artificial intelligence in mathematics education Math 

Machine learning Math 

Personalized learning Mathematics 

Adaptive learning Mathematics 

Intelligent tutoring systems Mathematics education 

Educational chatbots Mathematics education 

Automated grading Mathematics education 

Expert system Mathematics education 
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Figure 3 illustrates the global research landscape of AI in Mathematics Education. China and the United States emerge as 

leaders, exhibiting high publication output and extensive collaborations. They form strong research connections with India, Saudi 

Arabia, and other nations. A distinct cluster comprising Germany, France, Italy, Japan, and Australia showcases active regional 

and international cooperation among developed countries. Latin American and North American countries, including Mexico, 

Brazil, and Canada, also contribute significantly. While larger countries dominate, smaller nations like Lithuania, Croatia, Estonia, 

and Argentina demonstrate growing research activity. This period signifies robust growth in AI research within Mathematics 

Education, characterized by the dominance of major players and the emerging contributions of developing countries. 

Figure 4 and Figure 5 depict global research activity in AI for Mathematics Education, visualized through the size and 

connectivity of country nodes. Larger and more interconnected nodes signify higher research activity. A marked increase in both 

the number of nodes and the degree of connectivity between 2020 and 2025 indicates growing research interest in this field. China, 

the United States, and South Korea emerge as leading players, forming prominent red clusters that signify high research output 

and extensive collaborations. European countries like Germany, Romania, and Switzerland, alongside Asian nations such as 

Singapore and Bangladesh, demonstrate a growing global research network. Notably, developing countries like Nigeria, Kenya, 

Zambia, and Paraguay are increasingly contributing to the field through international research collaborations. Furthermore, 

smaller Eastern European and Baltic states, including Lithuania, Latvia, and Estonia, are actively joining the global scientific 

network. This signifies that the spread of AI in Mathematics Education extends beyond major powers, encompassing a diverse 

range of countries. This global reach underscores the inevitable trajectory of AI integration in the era of digital transformation and 

smart education. 
 

European countries like Germany, Romania, and Switzerland, alongside Asian nations such as Singapore and Bangladesh, 

demonstrate a growing global research network. Notably, developing countries like Nigeria, Kenya, Zambia, and Paraguay are 

increasingly contributing to the field through international research collaborations. Furthermore, smaller Eastern European and 

 

Figure 2. Number of papers published by country or region (Source: Authors’ own elaboration) 

 

Figure 3. Visual map of research on artificial intelligence (AI) in mathematics education of countries in the period 2020-2025 

(Source: Authors’ own elaboration) 
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Baltic states, including Lithuania, Latvia, and Estonia, are actively joining the global scientific network. This signifies that the 

spread of AI in Mathematics Education extends beyond major powers, encompassing a diverse range of countries. This global 

reach underscores the inevitable trajectory of AI integration in the era of digital transformation and smart education. 
 

AI Development Trends for Specific Fields in Mathematics Education 

AI in Mathematics education enhances teaching and learning through various applications. Virtual tutors and intelligent 

assistants, leveraging natural language processing and rule-based systems, provide personalized explanations and instant 

feedback, fostering problem-solving skills. AI also automates scoring and assessment, analyzing both answers and problem-

solving processes, saving teachers time and providing accurate results. AI learning analytics platforms utilize big data to identify 

learning trends, predict outcomes, and offer personalized recommendations. Chatbots and intelligent assistants provide 24/7 

support, answering questions and delivering flexible learning materials. Furthermore, machine learning and deep learning 

algorithms optimize teaching methods and facilitate early identification of struggling students. 

The map in Figure 6 and Figure 7 shows prominent clusters of potential research findings according to topics on AI in 

Mathematics education such as artificial intelligence, machine learning and deep learning, etc. Machine learning and deep 

learning are widely applied thanks to their ability to build effective predictive models and analyze data, in which the concepts of 

convolutional neural networks and explainable artificial intelligence stand out as a new trend to solve the problem of transparency 

 

Figure 4. Collaborative network on AI in mathematics education among research institutes for the period 2020-2025 (Source: 

Authors’ own elaboration) 

 

Figure 5. Map of the AI collaboration network in mathematics education among countries (2020-2025) (Source: Authors’ own 

elaboration) 
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and explain how AI models work, thereby enhancing the applicability in mathematics education. In addition, topics such as big 

data, blockchain, etc. have expanded the scope of AI applications to the education field, especially in analyzing large amounts of 

learning data and monitoring students' learning outcomes. Big data helps process and optimize the education system through 

advanced machine learning algorithms, while blockchain can improve security and transparency in learning material 

management. In addition, hybrid models and soft computing also show the potential to combine multiple AI techniques to 

improve the effectiveness of teaching and learning mathematics. This trend affirms that AI not only helps improve the quality of 

education but also plays an important role in personalizing teaching methods, meeting increasingly diverse and complex learning 

needs. 
 

The map in Figure 8 shows 16 keywords with a spike in citations, reflecting research trends ranging from pedagogical theory 

to advanced AI application in the 2020-2025 period. These keywords are ranked according to: Year (the time when the keyword 

started to have an impact), strength (the intensity of the citation explosion, the higher the value, the greater the level of interest), 

begin-end (the period when the strong citation occurred (shown by the horizontal bar). In the period (2020 - 2021), keywords such 

as “problem-based learning” and “individual differences” had the highest citation intensity, 7.86 and 5.89 respectively. The above 

figures reflect the strong level of interest in problem-based learning methods and AI-based personalized learning to improve the 

learning experience in mathematics education. In addition, concepts such as “competence” and “computer-supported 

collaborative learning” are also noted, from which we see the role of technology in supporting collaborative learning and 

developing learners' competencies is being emphasized. Moving into the period 2021 - 2022, the research trend there is a clear 

 

Figure 6. Visual analytics map to uncover potential trends and emerging research directions in AI (Source: Authors’ own 

elaboration) 

 

Figure 7. Map of distribution of AI keywords by time slice (Source: Authors’ own elaboration) 
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shift in research toward advanced applications and techniques in AI, such as “Gaussian process regression”, “global optimization”, 

and “model predictive control”. These terms reflect an interest in machine learning and optimization tools to improve the teaching 

and learning of mathematics. In particular, “learning rate” shows a focus on improving algorithmic efficiency in the process of 

applying AI to education. Although the citation intensity of these keywords is not very high, it reflects the development of AI 

technology and the combination of mathematical theory and modern machine learning tools. 
 

DISCUSSION 

This bibliometric analysis explores the growing integration of Artificial Intelligence (AI) in mathematics education between 

2020 and 2025. As the use of AI continues to expand across various fields, its applications in education, particularly mathematics, 

have shown significant potential. Our findings reveal a noticeable increase in the number of publications focusing on AI in 

mathematics education, indicating an expanding interest in this area among researchers and practitioners. 

Early research topics in AI focused on fundamental concepts such as “machine learning”, “deep learning”, and “feature 

extraction”. These pioneering studies were quickly integrated into the field of education, as evidenced by strong connections to 

applications such as “student learning systems” and “educational technology”. In the mid-2010s, the focus of research shifted to 

more specialized applications, as AI began to be applied to specific subjects such as “college English”, “classroom teaching”, and 

“mathematics”. The emergence of topics such as “virtual reality” and “federated learning” signaled a trend towards more 

interactive and distributed learning environments. During the late 2010s and early 2020s, AI research in education shifted to 

exploring more complex models. Keywords such as “deep neural networks,” “generative adversarial networks,” and “adversarial 

machine learning” emerged, reflecting a shift from generic machine learning algorithms to more specialized and sophisticated AI 

technologies, especially in areas such as “data technology” and “English teaching.” Recently, emerging and interdisciplinary 

topics have attracted attention, including “genetic algorithms,” “fuzzy neural networks,” and “interpretability.” The emergence 

of terms like “energy consumption” and “conscious learning” reflects growing interest in the efficiency, ethical issues, and 

cognitive aspects of AI in education. 

Between 2020 and 2025, the distribution of AI research in mathematics education has been notably concentrated in a few key 

countries and institutions. China and the United States have emerged as leaders in both scientific output and international 

collaboration (Hossein-Mohand et al., 2025; Kavitha et al., 2024; Widayanti et al., 2024). This is further supported by a bibliometric 

study showing that China has surpassed the US in the number of AI-related publications in higher education (Ojha et al., 2024). 

Beyond the two major players, other nations are also significant contributors. The United States, Malaysia, and Spain, for instance, 

are prominent in research on augmented reality within mathematics education (Gusteti et al., 2025). This global effort is also 

reflected in strong co-authorship networks, which include countries like Saudi Arabia and the United Kingdom, indicating a 

collaborative push to advance the field (Kavitha et al., 2024). Leading research institutions, such as Chitkara University in India 

and Johannes Kepler University Linz in Austria, are pivotal in driving this research, particularly in areas like augmented reality 

(Gusteti et al., 2025). Furthermore, institutions are directly integrating AI into their curricula; for example, the Department of 

Applied Mathematics and Artificial Intelligence at NRU MPEI has developed new educational programs focused on AI methods and 

technologies (Eremeev et al., 2022). This concentration of research in well-resourced contexts highlights a potential gap in 

underrepresented regions, underscoring the need for more inclusive studies to address these disparities (Castillo et al., 2025). 

Through bibliographic analysis, one prominent trend identified in this study is the diverse range of AI technologies being 

incorporated into mathematics teaching and learning. These include adaptive learning systems, intelligent tutoring systems (ITS), 

 

Figure 8. Visualization map of the most cited keywords for artificial intelligence (AI) research in mathematics education 2020-2025 

(Source: Authors’ own elaboration) 
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and machine learning algorithms. Adaptive learning systems, in particular, are gaining traction for their ability to personalize 

learning experiences, adapting to the needs of individual students based on their performance and learning styles. This is 

particularly relevant in mathematics education, where students often struggle with abstract concepts and benefit from tailored 

Moreover, the analysis highlights the growing intersection between AI and educational theories, such as constructivism and 

behaviorism, with AI tools being developed to enhance student engagement, foster active learning, and promote deeper 

understanding. The collaboration between AI and educators in creating effective, data-driven teaching methods is vital for 

advancing educational outcomes in mathematics. The integration of AI in mathematics education has seen significant growth 

from 2020 to 2025, with a notable increase in publications and research interest. Key themes identified include the use of 

generative AI, such as deep learning and ChatGPT, for assessment and personalized learning (Hossein-Mohand et al., 2025; 

Opesemowo & Adewuyi, 2024). The focus has been on enhancing mathematics instruction, providing real-time feedback, and 

developing AI-driven personalized learning experiences (Opesemowo & Adewuyi, 2024). Additionally, the role of AI in addressing 

educational disparities and preparing learners for the demands of the 4th Industrial Revolution (4IR) has been highlighted 

(Opesemowo & Adewuyi, 2024). The emergence of generative AI research in education, particularly in 2023, underscores the 

growing interest in leveraging AI technologies to improve educational outcomes (Dúo-Terrón, 2024). The study also reveals a rising 

focus on addressing challenges such as educational equity and accessibility. AI tools have the potential to bridge educational gaps, 

offering students from various socio-economic backgrounds access to high-quality mathematics instruction. However, this 

potential is contingent on addressing issues such as digital literacy, resource availability, and the ethical implications of AI 

deployment in classrooms. As AI continues to develop, it is essential that researchers and policymakers work together to ensure 

that these technologies are accessible and beneficial to all students. 

The keyword analysis from various studies highlights several emerging themes and research directions. Keywords such as 

"Technology," "Chatbot," "Experience," and "Neural Networks" are identified as potential research frontiers (Liu et al., 2024). The 

thematic analysis also reveals a focus on the ethical implications of AI in education, the development of AI tools for curriculum 

enhancement, and the role of AI in higher education (Pituy et al., 2024; Trošelj et al., 2024). The evolution of AI research in education 

is becoming increasingly complex, involving a wide range of fields and forming multiple evolution paths (Liu et al., 2024). This 

indicates dynamic and rapidly evolving research. 

Recent studies highlight several emerging trends in the application of artificial intelligence (AI) in mathematics education. One 

significant trend is the increasing use of generative AI technologies, such as deep learning and ChatGPT, for educational purposes, 

particularly in assessment and personalized learning (Hossein-Mohand et al., 2025). These technologies are being leveraged to 

create adaptive learning systems that tailor educational content to individual student needs, thereby enhancing engagement and 

learning outcomes (Canonigo, 2024; Inderjeet & Bhardwaj, 2024). Additionally, there is a notable rise in the use of AI-driven tools 

like GeoGebra and intelligent tutoring systems, which have shown to improve students' conceptual understanding and self-

efficacy in mathematics (Canonigo, 2024). The integration of AI in mathematics education is also marked by a growing interest in 

interdisciplinary collaboration, with China and the United States leading in scientific productivity and international partnerships 

(Hossein-Mohand et al., 2025). The research on AI in mathematics education is evolving to address various educational challenges 

and opportunities. One emerging direction is the development of AI-powered adaptive learning systems that provide real-time 

feedback and personalized learning pathways (Chen, 2025; Inderjeet & Bhardwaj, 2024). These systems utilize machine learning 

algorithms to diagnose individual learning needs and adjust instructional content, accordingly, making learning more interactive 

and engaging (Inderjeet & Bhardwaj, 2024; Moussa, 2024). Another promising area is the use of AI in creating immersive learning 

environments through technologies like virtual reality (VR) and augmented reality (AR), which can simulate real-world scenarios 

and enhance students' problem-solving skills (Haq et al., 2025). Furthermore, there is a growing focus on the ethical implications 

of AI in education, including concerns about potential biases in AI systems and the need for transparent communication and 

teacher oversight to ensure responsible use (Alvarez, 2024; Canonigo, 2024). 

Future research in AI in mathematics education is likely to explore the integration of AI with other emerging technologies and 

pedagogical approaches. For instance, the combination of AI with extended reality (XR) technologies is expected to create more 

inclusive and sustainable learning environments, particularly in STEM education (Haq et al., 2025). Additionally, there is a need for 

more empirical studies to provide evidence-based support for the use of AI in early childhood mathematics education, as well as 

to understand the long-term impacts of AI on student learning and engagement (Zhang & Chen, 2022). However, several challenges 

remain, including the need for robust datasets to train AI models, addressing technological and ethical concerns, and ensuring 

that AI tools complement rather than replace traditional teaching methods (Canonigo, 2024; Moussa, 2024). Addressing these 

challenges will require ongoing collaboration between educators, researchers, and policymakers to optimize the use of AI in 

mathematics education and maximize its benefits for students. In another aspect, the integration of AI in mathematics education 

has led to several emerging trends and themes. There is a growing interest in generative AI, including deep learning and ChatGPT, 

for assessment and personalized learning (Hossein-Mohand et al., 2025; Opesemowo & Adewuyi, 2024). AI tools such as MATLAB, 

GeoGebra, and Khan Academy are transforming mathematics teaching by enhancing visualization, interactivity, and immediate 

feedback (Castillo et al., 2025). Additionally, the application of AI in elementary education shows a small but significant effect on 

students' mathematics achievement, moderated by variables such as grade level and learning topics (Hwang, 2022). These trends 

highlight the transformative potential of AI in addressing educational disparities and preparing learners for the demands of the 

4th Industrial Revolution (Opesemowo & Adewuyi, 2024). However, challenges related to data privacy, equity, and reliance on 

technology must be carefully considered to maximize the benefits of AI integration in mathematics education (Dias Rasteiro & 

Thiele, 2024). 

Finally, bibliometric analysis also uncovers several gaps in literature. While there is substantial research on the technological 

aspects of AI in education, less attention has been given to the social, psychological, and ethical dimensions of AI integration. 

Questions surrounding data privacy, AI biases, and the potential for the depersonalization of teaching need further exploration. 
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Furthermore, research on long-term impacts, including the effectiveness of AI in improving mathematics learning outcomes and 

the role of AI in the future of mathematics curricula, remains limited instruction. 

CONCLUSION 

Bibliometric analysis has shown a significant growth in the integration of Artificial Intelligence (AI) into mathematics education 

from 2020 to 2025. Research topics have shifted from basic concepts such as machine learning and deep learning to more complex 

applications such as adaptive learning systems, intelligent tutoring systems (ITS), and generative AI technologies such as ChatGPT. 

China and the United States emerged as the leading countries in terms of the number of publications and international 

collaborations, affirming their pioneering position in the field. The concentration of research in well-resourced countries and 

institutions also shows a notable trend, reflecting the rapid development and increasing importance of AI in mathematics 

education. 

Research on AI in mathematics education is evolving in a variety of directions, including the integration of emerging 

technologies such as virtual reality (VR), augmented reality (AR), and fuzzy neural networks. These trends represent a strong shift 

toward more interactive, personalized, and immersive learning environments. In particular, the emergence of keywords such as 

“energy consumption” and “conscious learning” reflects growing interest in the ethical, efficient, and cognitive aspects of AI. These 

advances are aimed not only at improving learning outcomes but also at preparing learners with the skills needed to meet the 

demands of the Fourth Industrial Revolution. 

Despite these significant advances, the analysis also highlighted some important research gaps. Specifically, while the 

technical aspects of AI have been widely studied, its social, psychological, and ethical implications have received less attention. 

Further research is needed to address issues of data privacy, bias in AI, and the long-term impact of technology on teacher-student 

interactions. In addition, the lack of research in underserved geographic areas and lower levels of education such as early 

childhood education highlights the urgent need for more comprehensive and inclusive research. Addressing these gaps will 

require close collaboration between educators, researchers, and policymakers to ensure AI is integrated responsibly and benefits 

all learners. 
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