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Abstract: Artificial intelligence (Al) is now used widely to support mathematics learning in schools, but the
growth of this research field has not been documented in a clear way. This study used bibliometric analysis to
describe the trend, the main contributors, and the main themes of research on Al in school mathematics education.
A Scopus search for 2016 to 2026 gave 294 English-language documents. The results were analyzed by year,
country, affiliation, author, funding sponsor, and a supporting keyword analysis. From 2016 to 2023, output
increased gradually to 47 documents, after that, it increased significantly to 116 documents in 2025 and 98 in
2026. The United States (60 documents) and China (47) dominated the field, followed by Hong Kong, Germany,
and Indonesia. No single institution or author dominated. The National Science Foundation and the National
Natural Science Foundation of China were the largest funders. Research on ChatGPT and large language models
appeared after 2023 and now appears in nearly half of all documents. The findings can help researchers and
policy makers plan future work.
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Introduction

Mathematics is an essential subject for schools across most countries; however, mathematics is difficult
for many students and also very challenging for many teachers to provide individual attention. Artificial
intelligence (Al) offers new ways to support both. Intelligent tutoring systems, adaptive learning platforms, and,
more recently, generative Al tools can give hints, check answers, and adjust tasks to the level of the student
(Hwang et al., 2020). Earlier meta-analyses found that intelligent tutoring systems can improve learning outcomes
(Kulik & Fletcher, 2016; Ma et al., 2014), and large field trials have tested such systems in real schools (Pane et
al., 2014).

Since the public release of ChatGPT in late 2022, the discussion has changed quickly. Researchers and
teachers now ask how large language models can support mathematical reasoning and problem solving, and what
risks these tools bring. International organizations have also started to give guidance on the use of generative Al
in education (Miao & Holmes, 2023). As a result, many new studies have appeared in a short time, and it is hard
for readers to see the overall picture of this research.

Bibliometric analysis is a useful way to build this picture. It uses publication data to describe how a field
grows, who contributes to it, and which topics receive attention (Donthu et al., 2021; Zupic & Cater, 2015).
Several reviews of Al in education exist (Chen et al., 2020; Zawacki-Richter et al., 2019; Zhai et al., 2021), and
Hwang and Tu (2021) conducted research on Al in mathematics education. However, these works were published
before the recent rise of generative Al, and they did not focus on school-level mathematics. This gap is important
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because school teachers and policy makers need current evidence about where the research is growing and who
is producing it.

The purpose of this study is to describe the trend of research on Al in school mathematics education from
2016 to 2026. The study answers five research questions:

e RQI. How has the number of publications changed from 2016 to 20267

e RQ2. Which countries and territories contribute most to this research?

e RQ3. Which institutions and authors are the most productive?

e RQ4. Which funding sponsors support this research?

e RQS5. Which research themes appear most often, and how have they changed over time?

Method

Research Design and Data Source

This study used a bibliometric design with descriptive analysis. Data were taken from Scopus, a
large database of peer-reviewed literature that is widely used in bibliometric research because its records
are curated and of high quality (Baas et al., 2020).

Search Strategy

The search combined three groups of terms (see Table 1) in the title, abstract, and keyword fields.
Terms inside a group were joined with OR, and the three groups were joined with AND. The search was
limited to documents published from 2016 to 2026 and written in English. Review documents were
excluded. The search returned 294 documents, and all of them were kept for analysis.

Table 1: Search Strategy Used in Scopus

Concept Search terms (title, abstract, keywords) Joined by

Artificial intelligence “artificial intelligence” OR “generative AI” OR “ChatGPT” OR AND
“large language model” OR “intelligent tutoring system”

Mathematics “mathematics education” OR “mathematics learning” OR AND
“mathematical reasoning” OR “mathematical problem solving”

School level “school” OR “K-12” OR “primary school” OR “middle school” AND

OR “secondary school”

Filters Publication year 2016-2026; language: English; document type —
“review” excluded

Data Analysis

The analysis followed the steps described by Donthu et al. (2021). First, the document counts were
obtained directly from the Scopus database using its “Analyze search results” tool. Second, percentages were
calculated using 294 as the base. For countries, affiliations, authors, and funders, one document can be counted
more than once when it has several contributors, so these percentages do not add up to 100. Third, the years were
divided into three phases (2016-2019, 2020-2023, and 2024-2026) to compare growth, and the compound annual
growth rate was calculated for 2020 to 2025. Finally, for RQS5, the author keywords were counted after joining
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spelling variants (for example, “LLM” and “large language models”), and key terms were searched in titles,
abstracts, and keywords to show how themes changed by year. The counts for year, document type, and country
were cross-checked within Scopus to confirm that they were consistent.

Results

RQ1: Publication Trend, 2016-2026

Figure 1 and Table 2 show the number of documents per year. Research output was very small at the
starting years. Only 12 documents (4.1% of the total) were published from 2016 to 2019, an average of three per
year. In the second phase (2020-2023), output rose to 35 documents, or about nine per year, and it stayed at 10
documents in both 2022 and 2023.
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Figure 1: Number of Documents on Al in School Mathematics Education by Year, 2016—2026

The third phase (2024-2026) shows a very strong rise. Output grew from 10 documents in 2023 to 33 in
2024, an increase of 230%, and then to 116 in 2025, an increase of about 252%. The year 2025 alone produced
more documents than the nine years from 2016 to 2024 together (80 documents). By August 2026, 98 documents
had already been indexed, which is also higher than the total for 2016 to 2024. Because 2026 is incomplete (up
to August 2026), the drop from 2025 to 2026 should not be read as a decline. Overall, 247 documents (84.0%)
were published in the last three years. The compound annual growth rate from 2020 (9 documents) to 2025 (116
documents) was about 67%.
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Table 2: Documents by Year and Phase

Year Documents % of total Cumulative Phase
2016 2 0.7 2 1 (2016-2019)
2017 1 0.3 3

2018 6 2.0 9

2019 3 1.0 12

2020 9 3.1 21 2 (2020-2023)
2021 6 2.0 27

2022 10 3.4 37

2023 10 3.4 47

2024 33 11.2 80 3 (2024-2026)
2025 116 39.5 196

2026* 98 333 294

Note. %2026 is a partial year (data up to August 2026).

RQ2: Contributing Countries and Territories

Figure 2 shows the ten leading countries and territories. The United States was first with 60 documents
(20.4% of all documents), followed by China with 47 documents (16.0%). Hong Kong, which Scopus lists as a
separate territory, was third with 18 documents (6.1%). Germany and Indonesia each had 15 documents (5.1%),
Turkey had 11, India and Malaysia each had 9, and Italy had 8. Another 11 documents had no country information
(“Undefined”).

There are two main points. First, the gap between the two leader countries and the rest is large: the United
States and China together account for 107 country counts, while the third-ranked territory has 18. Second, five of
the ten places are held by Asian countries or territories (China, Hong Kong, Indonesia, India, and Malaysia), and
Europe is present through Germany and Italy. This shows that the topic is international and not limited to the

traditional research centers.
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Figure 2 Documents by Country or Territory

Table 3: Top Ten Countries and Territories by Number of Documents

(o))
(V]

Rank Country or territory Documents % of 294
1 United States 60 20.4
2 China 47 16.0
3 Hong Kong 18 6.1
4 Germany 15 5.1
4 Indonesia 15 5.1
6 Turkey 11 3.7
6 Undefined 11 3.7
8 India 9 3.1
8 Malaysia 9 3.1
10 Italy 8 2.7
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RQ3: Productive Institutions and Authors

Institutions

Figure 3 lists the ten most productive aftiliations. The Education University of Hong Kong was first with
9 documents, followed by Carnegie Mellon University (8), the University of Florida (7), the University of Utah
(7), the University of Hong Kong (6), Carnegie Learning, Inc. (6), Central China Normal University (5), and
Worcester Polytechnic Institute (5). Peking University and Khon Kaen University each had 4 documents.

The leading institution accounts for only 3.1% of all documents, so no single institution dominates this
field. The list also shows a mix of university groups and one company (Carnegie Learning, Inc.), which develops
mathematics learning software. Five of the ten affiliations are in the United States, two are in Hong Kong, two
are in mainland China, and one is in Thailand.

The Education University of Hong Kong [
Carnegie Mellon University [
University of Florida [
The University of Utah [
The University of Hong Kong [
Carnegie Learning, Inc. [
Central China Normal University [ R
Worcester Polytechnic Institute [N
Peking University [
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Figure 3: Documents by Affiliation

Authors

Figure 4 shows the most productive authors. Li, C. was first with 7 documents, followed by Xing, W. (6
documents). Fancsali, S. E., Li, H., Ritter, S., and Sun, D. each had 5 documents, and Aleven, V., Belpaeme, T.,
and Borchers, C. each had 4.
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Table 4: Main Research Groups behind the Most Productive Authors

7.5

Authors

Main affiliation

Main focus in the dataset

Example

Xing, W.; Li, C.; Lj,
H.

University of Florida
(Xing); University of
Utah (Li, C.)

Generative Al teachable agents and
language models for middle school
mathematics

Xing et al. (2025);
Zhang et al. (2025)

Fancsali, S. E.; Ritter,
S.

Carnegie Learning, Inc.

Embedded formative assessment and
prediction of state test scores (2018—
2020)

Zheng et al. (2019)

Aleven, V.; Borchers, | Carnegie Mellon | Tutoring systems, caregiver support, | Venugopalan et al.
C. University and combining language models with | (2025)
tutoring systems
Belpaeme, T. Ghent University Language-model-powered social | Rutatola et al. (2025)
robots as math tutors
Sun, D. The Education Generative Al learning environments | Liu et al. (2025)

University of Hong
Kong

for word problem solving

The most productive author wrote only 7 of the 294 documents (2.4%). This low concentration means that
the field is spread across many research teams. The titles of the documents in the Scopus database show that the
top authors form five main groups, and each group works on a different part of the field (see Table 4). The
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Carnegie Learning group (Fancsali and Ritter) published between 2018 and 2020, for example on the use of
embedded formative assessment to predict state test scores (Zheng et al., 2019). In contrast, the groups around
Xing and Li, around Sun, and around Belpaeme published in 2025 and 2026 and work with generative Al or large
language models (Liu et al., 2025; Rutatola et al., 2025; Xing et al., 2025; Zhang et al., 2025).

RQ4: Funding Sponsors

Figure 5 shows the ten funding sponsors that appear most often. The National Science Foundation (NSF)
of the United States supported 13 documents, and the National Natural Science Foundation of China (NSFC)
supported 11. The Education University of Hong Kong, the Institute of Education Sciences, and the U.S.
Department of Education each supported 5 documents. The National Research Council of Thailand and
VLIRUOS (Belgium) each supported 4, and the Coordenacao de Aperfeigcoamento de Pessoal de Nivel Superior
(CAPES, Brazil), the European Commission, and the Research Grants Council of Hong Kong each supported 3.
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Figure 5: Documents by Funding Sponsor

The order of the top two funders matches the order of the top two countries, which suggests that national
research funding is linked to research output in the United States and in China. Three United States federal bodies
(NSF, the Institute of Education Sciences, and the Department of Education) appear 23 times in total, although
some documents may be counted for more than one of them. The list also includes funders from Europe, South
America, and Southeast Asia, which shows wide international interest. In addition, data shows that 137 of the 294
documents (46.6%) report some kind of funding, so more than half of the documents do not.

RQS5: Research Themes and Their Change over Time

The keyword analysis used the 250 documents that have author keywords. After joining spelling variants,
“mathematics education” (82 documents) and “artificial intelligence” (78) were the most common keywords,
which is expected because they are part of the search. Next came large language models (35), intelligent tutoring
systems (26), generative Al (21), STEM or STEAM education (19), ChatGPT (15), and personalized learning
(14) (see Table 5).
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Figure 6 shows how the main themes changed. Terms about intelligent tutoring systems appear in 58
documents and are present in most years from 2016. Terms about ChatGPT, generative Al, and large language
models are absent until 2023: only one document mentions them in 2023, but 19 do so in 2024, 66 in 2025, and
511in 2026. In total, 137 documents (46.6%) mention at least one of these terms, and they make up about 57% of
the documents in 2025. At the same time, 47 of the 58 tutoring-system documents do not mention generative Al,
so classic tutoring research continues next to the new work.

The citation data also show the older base of the field. The most cited document is a study that compared
an adaptive learning system with teacher-led instruction (Wang et al., 2023; 253 citations), followed by a study
of Al education and computational thinking in a STEAM high school (Huang & Qiao, 2024; 113 citations) and a
study of educational technology use during the COVID-19 pandemic (Christopoulos & Sprangers, 2021; 99
citations). Among the most cited documents are also an early study of tutoring systems as a math gap reducer in
an after-school program (Huang et al., 2016) and two studies on ChatGPT in mathematics teaching (Egara &
Mosimege, 2024; Getenet, 2024). The 294 documents have 2,132 citations in total, but the median is only one
citation per document, so a few documents receive most of the citations. Many recent documents have had little
time to be cited.

Table 5: Most Frequent Author Keywords After Joining Variants

Keyword Documents % of 250
Mathematics education (including “math education’) 82 32.8
Artificial intelligence (including “AI”) 78 31.2
Large language models (including “LLMs”) 35 14.0
Intelligent tutoring systems 26 10.4
Generative Al (including “generative artificial intelligence”) 21 8.4
STEM or STEAM education 19 7.6
ChatGPT 15 6.0
Personalized learning 14 5.6

Note. 250 of the 294 documents have author keywords.

Discussion

The results give a clear answer to the research questions of this study. Research on Al in school
mathematics education was small for most of the last decade and then grew very fast after 2023. This timing
matches the arrival of ChatGPT and other generative tools, and the keyword analysis supports this link: generative
Al terms are almost absent before 2024 and then appear in about half of all documents. The field has therefore
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moved from a period of intelligent tutoring systems to a period in which language models and generative Al
dominate the discussion (Miao & Holmes, 2023).

The results also show who drives the field. The United States and China lead by a large margin, and their
national funders, NSF and NSFC, are also the two largest sponsors. At the same time, the field is open and
international. Hong Kong, Germany, Indonesia, Turkey, India, Malaysia, and Italy all appear among the top ten,
and no single university or author is responsible for more than about 3% of the documents. Such a spread suggests
that many teams are entering the field at the same time, which is usual for a topic in its early growth phase.

Implications

For researchers, the growth of generative Al studies means that new evidence will arrive quickly, and that
reviews need to be updated often. There is space for more work from countries that are less visible in the top ten,
and for studies that follow students over a longer time. For teachers and policy makers, the fast growth shows that
the evidence base is still developing. Decisions about classroom use of Al tools should therefore use recent,
careful studies and national guidance rather than early reports alone. For funders, the results show that most
reported support comes from a small group of national agencies, and that more than half of the documents report
no funding at all.

Limitations and Future Research

This study has limits. First, only Scopus database was used, and other databases such as Web of Science
or Google Scholar may give different counts. Second, only English documents were included and review articles
were excluded, so the field may be larger than shown here. Third, the year 2026 is incomplete, and recent
documents have had little time to receive citations. Finally, this study used counts and simple trend measures.
Future work can add science mapping, such as co-citation or keyword network analysis (Donthu et al., 2021), and
can code the documents by school level, mathematics topic, and study design.

Conclusion

This bibliometric study analyzed 294 Scopus documents on Al in school mathematics education from
2016 to 2026. The main finding is a sharp rise in research after 2023, with 84% of all documents published in the
last three years. The United States and China lead in output and funding, but the topic is spread across many
countries, institutions, and authors. The themes moved from intelligent tutoring systems to ChatGPT and large
language models. These results give researchers, teachers, and policy makers a clear map of the field and show
where new studies are most needed.
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