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ABSTRACT 

 
AI-Augmented STEM Learning is a way of teaching Science, Technology, 
Engineering, and Mathematics (STEM) that uses Artificial Intelligence (AI) 
to enhance, broaden, and personalize the learning experience for students. 
This study aims to analyze the trends in research on AI-Augmented STEM 
Learning, the types of documents, the most productive researchers, the 
countries and affiliations that contribute the most, and a visual map of 
bibliometric data using the VOSviewer program. The results of this 
bibliometric study show that the trend of research in AI-Augmented STEM 
Learning has been growing each year from 2017 to 2026. The most 
commonly available type of document is articles, and the majority of these 
documents come in the form of journals. The country that produces the 
most documents on AI-Augmented STEM Learning is the United States, 
while Indonesia ranks ninth in producing the most documents. The affiliate 
that produced the most documents is the Puls Med Association, with a total 
of 6 documents. On the other hand, the affiliate from Indonesia is Malang 
State University, which has 2 documents. The most productive writer is 
Octavian Munteanu, who has 5 documents. He is from the Department of 
Anatomy at the “Carol Davila” University of Medicine and Pharmacy in 
Bucharest, Romania. There are four clusters based on the VOSviewer 
software visualization that focus on keywords: generative artificial 
intelligence, innovation, perspective, and teacher. Meanwhile, 
opportunities and potential for future research related to STEM Learning 
using AI that are currently still underexplored include topics on STEM 
education using AI, student engagement, and systematic literature reviews. 
Keywords: STEM Learning, Artificial Inteligence, Bibliometric  
 
INTRODUCTION  

Learning Science in the 21st century faces many challenges that are 
becoming more complicated as technology advances and the needs for 
global skills change. Science learning should no longer focus only on 
understanding concepts and memorizing facts. Instead, it should help 
students develop skills like critical thinking, problem-solving, creativity, 
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collaboration, and digital literacy (Agarwal & Bain, 2024; Rosario, 2025). 
However, various studies show that the science learning process in many 
schools is still mostly focused on a teacher-centered approach. This leads to 
students being less actively involved in building their own knowledge. As a 
result, students' ability to connect science concepts with real-life problems 
in their surroundings is still quite low (Saija et al., 2022). This situation 
presents a significant challenge in preparing a generation that can adjust to 
the rapid changes in science and technology (Leon et al., 2025). 

Moreover, the growth of digital technology, especially Artificial 
Intelligence (AI), has changed how people gather, process, and use 
information. On the other hand, the easy access to information through 
digital technology is often not matched by a sufficient ability to think 
scientifically and have good science literacy (Chang et al., 2023; Miller, 
2022). Various studies show that students tend to rely more on finding 
quick answers instead of truly understanding concepts in depth. As a result, 
the learning process in science is at risk of losing elements like exploration, 
curiosity, and critical thinking skills (Teaching STEM in 2025, 2025). This 
challenge requires innovative teaching methods that can meaningfully 
incorporate technology while still keeping the core of science learning as a 
process of investigation and scientific discovery  (Lee & Zhai, 2024; Saija et 
al., 2022; Sukmawati & Wahjusaputri, 2024; Zhai, 2023). 

In Indonesia, various reports and research findings indicate that the 
quality of science education still faces several challenges. These include 
students' low science literacy skills, limited laboratory facilities, a lack of 
technology integration in teaching, and the not-yet-optimal use of project-
based learning and problem-solving approaches (Anggreni et al., 2025; 
Darmayanti & Pratiwi, 2025; Jamaah et al., 2024). In many schools, science 
learning still focuses on passing tests, which means that the teaching 
activities tend to emphasize understanding concepts in theory rather than 
applying those concepts in real life (Saija et al., 2022; Szarka & Borovicza, 
2023). This situation leads to students having fewer chances to develop 
higher-order thinking skills (HOTS), which are very important for facing the 
challenges of the Fourth Industrial Revolution and Society 5.0. 

One way that is seen as able to address various problems is by using 
STEM-based learning, which stands for Science, Technology, Engineering, 
and Mathematics. The STEM approach allows students to learn science 
concepts in an integrated way through activities like investigation, 
engineering design, experiments, and solving real-world problems (Xu & 
Ouyang, 2022a). Through STEM learning, students not only grasp scientific 
concepts but also learn to use that knowledge to create solutions for real-
world problems. Thus, STEM is an important way to build 21st-century 
skills like creativity, teamwork, communication, and critical thinking that 
are needed in both life and future job settings (Lafifa et al., 2023). 

The growth of Artificial Intelligence (AI) creates new opportunities 
to enhance the use of STEM in education (Ansiska, 2025). AI can offer 
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learning that adapts to each student, customizing materials based on their 
needs. It can analyze learning data in real-time, provide automatic feedback, 
and create virtual simulations and labs that help explore complex science 
concepts. The use of AI in STEM education can create a learning experience 
that is more interactive, effective, and focused on the students (Mai et al., 
2025; Xu & Ouyang, 2022b). Moreover, the growth of Generative AI allows 
students to get help in exploring ideas, creating models, visualizing 
concepts, and solving problems in a more thorough way (Adari et al., 2025). 

Even so, the study of AI-Augmented STEM Learning is still growing 
and hasn’t fully shown a clear direction for research yet. This is especially 
true when it comes to research trends, study focuses, methodological 
approaches, and chances for developing learning innovations in different 
educational settings. Most research still mainly concentrates on the general 
use of AI technology, while studies that specifically combine the idea of AI-
Augmented Learning with STEM education are still quite limited. Therefore, 
research that looks into the trends of AI-Augmented STEM Learning is 
important. It helps us understand the latest developments in research, 
identify research gaps, and uncover new opportunities that could lead to 
advancements in AI-based STEM learning and innovations in the future. In 
addition, such studies can provide valuable guidance for educators, 
researchers, and policymakers in designing more effective, adaptive, and 
technology-integrated STEM learning environments that are aligned with 
the demands of 21st-century education. 

 
METHOD  

This study is a descriptive research that uses bibliometric analysis 
(Noor, 2024; Noor et al., 2022; Yanuarti & Suprapto, 2021). The goal of 
bibliometric research is to examine the growth of published scientific 
articles and their impact on knowledge. This research uses the Scopus 
database. The Scopus database on AI-Augmented STEM Learning research 
was accessed on May 30, 2026. The research procedure can be seen in 
Figure 1. 

Figure 1: 
Research Steps of Bibliometric Research 
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Scopus metadata-based research identified 324 documents from the 
last ten years, from 2017 to 2026. The database was downloaded in RIS and 
CSV formats. This research was filtered using an advanced search with the 
keyword AI-Augmented STEM Learning. The RIS metadata was analyzed 
and processed using VOSViewer software. The VOSviewer software permits 
the creation of maps based on network data, which can be viewed and 
studied (van Eck & Waltman, 2019).  Meanwhile, metadata in CSV format is 
analyzed and processed using Microsoft Excel. Search strategy using: AI-
Augmented STEM Learning AND PUBYEAR > 2016 AND PUBYEAR < 2025. 
 
FINDINGS AND DISCUSSION  
Bibliometric Analysis of AI-Augmented STEM Learning Research 

The distribution of AI-Augmented STEM Learning publications has 
shown a continuous increase from 2017 to 2026. The growing adoption of 
AI in STEM education aligns with current technological advancements, 
making research on this topic increasingly relevant and important. The 
annual growth in the number of publications indicates that the integration 
of AI into STEM learning has attracted significant attention from 
researchers across various educational disciplines. This trend also suggests 
a growing need to develop more innovative and adaptive learning models 
that effectively leverage AI technologies to enhance the quality of STEM 
education. The annual distribution of publications is presented in Figure 2. 

Figure 2: 
Distribution of AI-Augmented STEM Learning Research Trend Documents 

 
 

Figure 2 shows that research on AI-Augmented STEM Learning has 
experienced significant growth in recent years. During the period from 
2017 to 2020, the number of publications remained very limited, with only 
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application of artificial intelligence in STEM education had not yet attracted 
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substantial attention within educational research during that period. From 
2021 to 2023, the number of publications increased gradually. In both 2021 
and 2022, four documents were published, followed by a notable increase 
to 19 documents in 2023. This upward trend reflects the growing interest 
among researchers in integrating AI technologies into STEM learning 
processes. 

The most notable increase occurred in 2024 and 2025. The number of 
publications reached 54 documents in 2024 and increased sharply to 146 
documents in 2025. This substantial growth indicates that AI-Augmented 
STEM Learning has become an increasingly prominent research topic, 
particularly with the advancement of generative artificial intelligence 
technologies, such as ChatGPT, which are being more widely adopted in 
educational contexts. According to Kasneci et al. (2023), the emergence of 
generative AI technologies offers significant opportunities to support STEM 
learning by providing rapid feedback, assisting with problem-solving, and 
enhancing students' creativity. Meanwhile, the number of publications 
declined to 95 documents in 2026. However, this decrease is likely 
attributable to the ongoing indexing process for publications released in 
2026, meaning that the available data may not yet be fully comprehensive. 
Overall, the trend illustrated in the figure indicates that research on AI-
Augmented STEM Learning continues to expand and holds considerable 
potential for further investigation as an innovative approach to science and 
technology education (Olatunbosun Bartholomew Joseph & Nwankwo 
Charles Uzondu, 2024). 

Figure 3: 
Network Visualization of AI-Augmented STEM Learning by VOSViewer 
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Figure 3 presents a network visualization of the relationships among 
terms associated with AI-Augmented STEM Learning. Based on the color 
distribution shown in Figure 3, four clusters can be identified, represented 
by the terms generative artificial intelligence (blue), teacher (green), 
perspective (red), and innovation (yellow). The terms appearing in the 
network visualization represent keywords that frequently occur in 
publications related to AI-Augmented STEM Learning. Generative artificial 
intelligence, teacher, perspective, and innovation are among the key terms 
most closely associated with AI-Augmented STEM Learning research. 
Generative AI, as a form of innovation in artificial intelligence, is now a key 
part of the technology transformation. As time has passed, generative AI has 
made a lot of progress, creating new opportunities and having a big impact 
in many different areas (Bau et al., 2024).  

The network visualization also highlights potential directions for 
future research. Several keywords, including AI-supported STEM education, 
student engagement, and systematic literature review, exhibit relatively few 
connections with other keywords in the network. This finding suggests that 
these topics remain underexplored within the existing literature and offer 
opportunities for further investigation. Future studies may examine these 
areas in greater depth by integrating related concepts or by developing 
innovative learning approaches that strengthen the relationships among 
research themes in AI-Augmented STEM Learning (Mai et al., 2025; Xu & 
Ouyang, 2022b). 

Figure 4: 
Potential Keywords for Future Research and Innovation (STEM Education, 

Student Engagement, dan Systematic Literature Review) 
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Figure 4 highlights several keywords that have received relatively 
limited attention in the existing literature, including STEM education, 
student engagement, and systematic literature review. Among these, STEM 
education is connected to only a few keywords, such as generative AI, 
science, and engineering, with relatively low occurrence frequencies, as 
indicated by the smaller node size compared to other keywords in the 
network. This suggests that the intersection of STEM education and 
generative AI remains an emerging area of research and may offer 
opportunities for identifying novel research contributions in future studies. 
The use of AI in education is being explored through the integration of AI 
technology in STEM learning at high schools. This approach focuses on 
personalization, challenges, and implications. Despite its potential, STEM 
education still faces several difficulties, including gaps in access and 
limitations of traditional methods. Therefore, it is important to study how 
AI technology can be used effectively in STEM education in schools. This is 
especially necessary to meet the personalized learning needs and to 
develop strategies and solutions to address the challenges in education 
(Uban Subandi & Supardi Us, 2024). 

The second keyword is student engagement. This keyword is 
connected to only a limited number of terms, including performance, group, 
creativity, ChatGPT, institution, and innovation. The occurrence frequency of 
student engagement is also relatively low, as indicated by its smaller node 
size compared to other keywords in the network. According Muhammad 
Yatim (2024), STEM education has the potential to enhance student 
engagement. In addition, the STEM approach can foster students’ critical 
thinking, creativity, collaboration, and problem-solving skills (Prasetyo et 
al., 2025). Nevertheless, based on the VOSviewer visualization, studies 
examining student engagement in AI-supported STEM learning remain 
limited. This is reflected in the relatively low occurrence and connectivity 
of the student engagement keyword within the network.  

The third keyword is systematic literature review. This keyword is 
represented by a very small node and is connected to only three other 
terms, namely article, higher education, and web. This finding indicates that 
the use of systematic literature review as a research approach in studies on 
AI-Augmented STEM Learning remains limited. Therefore, future research 
may benefit from employing this method to provide a more comprehensive 
synthesis of the existing literature and to identify emerging trends and 
research gaps in the field. Systematic Literature Review (SLR) is a 
methodical approach to gathering, critically assessing, integrating, and 
summarizing findings from research related to a specific topic that you 
want to study (Lusianti et al., 2024). 
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AI-Augmented STEM Learning Research by Document Type and Source 
Type 

The majority of publications were published as journal articles. This 
finding indicates that researchers predominantly disseminate their work 
through academic journals rather than book publishers. Review articles and 
conference papers represent the second and third most common document 
types, respectively, followed by book chapters, books, and other publication 
formats. 

Figure 5: 
AI-Augmented STEM Learning Research by Document Type 

 
 

Based on Figure 5, the most dominant document type in AI-
Augmented STEM Learning research is articles, accounting for 150 
documents. This number is substantially higher than that of other 
document types, indicating that academic journals serve as the primary 
outlet for disseminating research on AI-Augmented STEM Learning. The 
next most common document type is review articles, with 51 documents, 
followed by conference papers with 48 documents and book chapters with 
44 documents. Meanwhile, books account for 28 documents, suggesting 
that this topic is also increasingly being addressed through books and more 
comprehensive academic references. 

In contrast, several document types are represented by only a small 
number of publications, namely short survey, note, and editorial, each 
accounting for a single document. This distribution indicates that research 
on AI-Augmented STEM Learning is primarily disseminated through 
publications reporting empirical findings and comprehensive literature 
reviews rather than through brief communications or opinion-based 
publications. The predominance of journal articles further suggests that AI-
Augmented STEM Learning has developed into a well-established research 
area that has attracted considerable attention from the academic 
community, resulting in a substantial body of scholarly work published in 
academic journals (Tsakeni et al., 2025). 
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With respect to publication source types, journals constitute the 
predominant source of publications, followed by books, conference 
proceedings, and book series. 

Figure 6: 
AI-Augmented STEM Learning Research by Source Type 

 
Based on Figure 6, journals constitute the dominant publication 
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documents or approximately 63.9% of the total publications. This 
dominance indicates that research findings in this field are primarily 
disseminated through scholarly journal articles. The high proportion of 
journal publications also suggests that AI-Augmented STEM Learning has 
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considerable attention from the academic community. 
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common publication source, with only 8 documents. Overall, this 
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STEM Learning remains heavily concentrated in scholarly journals, 
although other publication sources also contribute to the development and 
expansion of the field (Almarashdi et al., 2026). 
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AI-Augmented STEM Learning Research by Country 
The distribution of publications by country is presented in Figures 7 

and 8. 
Figure 7: 

Countries’ Contribution in AI-Augmented STEM Learning Research 

 
 

Figure 8: 
Visualization of Countries’ Contribution in AI-Augmented STEM Learning 

Research 
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geographical distribution of AI-Augmented STEM Learning research across 
countries. 
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Based on Figure 7, the United States is the leading contributor to AI-
Augmented STEM Learning research, with 68 publications, followed by 
China with 47 publications and India with 31 publications. Saudi Arabia, 
Malaysia, and Australia each contributed 14 publications, while the United 
Kingdom and Germany produced 13 publications each. Indonesia ranked 
ninth with 11 publications, followed by Taiwan with 10 publications. These 
findings indicate that research on AI-Augmented STEM Learning is 
concentrated in countries with strong research capacity and technological 
development. 

These findings are further supported by Figure 8, which illustrates the 
geographical distribution of country contributions on a world map. Darker 
shades indicate a higher number of publications. The United States appears 
as the darkest region, reflecting its leading contribution to research in this 
field. China and India also demonstrate substantial contributions within 
Asia, while Australia emerges as one of the most active contributors in the 
Oceania region. This geographical visualization suggests that AI-
Augmented STEM Learning research is primarily concentrated in North 
America and Asia. 

In addition to highlighting the dominance of developed countries, 
both figures indicate the growing involvement of developing countries in 
AI-Augmented STEM Learning research. The presence of countries such as 
India, Saudi Arabia, Malaysia, and Indonesia suggests that the integration of 
artificial intelligence into STEM education has become a topic of global 
interest (Kavak, 2023). This trend reflects the growing recognition of the 
importance of leveraging AI technologies to enhance learning quality, foster 
21st-century skills, and prepare students to meet the challenges of the 
digital era (Irfan et al., 2025). 

Overall, Figures 7 and 8 demonstrate that AI-Augmented STEM 
Learning research is geographically widespread, although it remains 
dominated by a number of countries with more advanced research and 
technological ecosystems. This situation also presents opportunities for 
other countries to strengthen international collaboration and expand their 
contributions to the advancement of AI-Augmented STEM Learning 
research in the future. 
 
AI-Augmented STEM Learning Research by Language Distribution 

Based on the language distribution of AI-Augmented STEM Learning 
publications, English is the predominant language, accounting for 317 
publications (98%). Chinese is represented by 3 publications (1%), while 
Spanish accounts for 2 publications (1%). 
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Figure 9: 
Language Distribution in AI-Augmented STEM Learning Research 

 
 

These findings indicate that English is the dominant language for the 
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Number of Publications by Top Institutional Affiliations 

 
 

 

English
98%

Chinese
1%

Spanish
1%

English

Chinese

Spanish

6

6

5

5

4

3

3

3

3

3

0 1 2 3 4 5 6 7

Puls Med Association

Universitatea de Medicina si Farmacie…

Zhejiang University

Universiti Maaya

Universiti Sains Malaysia

University of Johannesburg

Ministry of Education of the People's…

University of South Africa

Goethe-Universitat Frankfurt am Main

Harvard University

Number of Publications

A
ff

ili
at

io
n

s



 

The 4rd 2026 Education, Science, and Technology International Conference 
Vol. 4  

 

74 
 

Figure 10 presents the number of publications by the institutional 
affiliations contributing most actively to AI-Augmented STEM Learning 
research. The affiliations with the highest number of publications are Pus 
Med Association and Universitatea de Medicina si Farmacie, each 
contributing 6 publications. They are followed by Zhejiang University and 
Universiti Malaya with 5 publications each, and Universiti Sains Malaysia 
with 4 publications. Meanwhile, the University of Johannesburg, the 
Ministry of Education of the People's Republic of China, the University of 
South Africa, Goethe-Universität Frankfurt am Main, and Harvard 
University each contributed 3 publications. 

These findings indicate that research contributions originate from a 
diverse range of institutions across different countries, reflecting the 
multidisciplinary and collaborative nature of AI-Augmented STEM Learning 
research. Furthermore, the differences in publication counts among the top 
affiliations are relatively small, suggesting a fairly balanced distribution of 
research output across leading institutions. This pattern indicates that the 
development of AI-Augmented STEM Learning research is not concentrated 
within a single institution but is supported by the contributions of various 
universities and educational organizations worldwide. 
 
AI-Augmented STEM Learning Research by Top Prolific Authors 

Figure 11 presents the authors with the highest number of 
publications on AI-Augmented STEM Learning. 

Figure 11: 
Number of Publications by Prolific Authors 
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These findings indicate that publication productivity in AI-Augmented 
STEM Learning research is distributed across several authors, with no 
single researcher demonstrating a markedly dominant contribution. 
Although Munteanu, C. ranks first in terms of publication output, the 
difference in publication count compared with other leading authors is 
relatively small. This pattern suggests that the development of research in 
this field is supported by the contributions of multiple active researchers. 
Furthermore, the relatively balanced distribution of publication 
productivity reflects the broad engagement of the academic community in 
exploring and advancing the application of artificial intelligence in STEM 
education. The findings also highlight that progress in AI-Augmented STEM 
Learning research is driven by the collective contributions of researchers 
from diverse institutional and disciplinary backgrounds. 

 

CONCLUSION  
Bibliometric analysis of AI-Augmented STEM Learning publications 

from 2017 to 2026 indicates a substantial increase in research output over 
the past decade, reflecting growing scholarly interest in the integration of 
artificial intelligence within STEM education. The network visualization 
generated using VOSviewer identified four major clusters centered on 
generative artificial intelligence, teacher, perspective, and innovation, 
highlighting the main research themes in the field. 

In terms of document type, journal articles were the most prevalent 
publication format, accounting for 150 documents, followed by review 
articles (51 documents) and conference papers (48 documents). Regarding 
source type, journals constituted the dominant publication source with 205 
documents, followed by books (66 documents) and conference proceedings 
(45 documents). The United States emerged as the leading contributor with 
68 publications, followed by China (47 publications) and India (31 
publications), while Indonesia ranked ninth with 11 publications. English 
was the predominant publication language, accounting for 317 documents, 
whereas Chinese and Spanish contributed 3 and 2 documents, respectively. 

At the institutional level, Pus Med Association was the most 
productive affiliation with 6 publications. Indonesia was represented by 
Universitas Negeri Malang, which contributed 2 publications. Among 
individual researchers, Octavian Munteanu was identified as the most 
prolific author with 5 publications and is affiliated with the Department of 
Anatomy at the “Carol Davila” University of Medicine and Pharmacy in 
Bucharest, Romania. 

The analysis also revealed several underexplored research areas that 
present opportunities for future investigation, particularly AI-supported 
STEM education, student engagement, and systematic literature reviews. 
These topics offer promising directions for advancing knowledge and 
expanding the research landscape of AI-Augmented STEM Learning. 
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