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Abstract

The application of artificial intelligence (AI) to pedagogical frameworks is rapidly evolving, 
particularly in STEM education. This study investigated research trends in the literature on AI 
and STEM education from the earliest to the most recent. A bibliometric analysis was conducted 
to answer seven research questions. The Scopus database was used to collect data, yielding 354 
documents from 2008 to 2025. The findings revealed that publication trends in AI and STEM 
education increased gradually, whereas the annual citation rate fluctuated. According to the 
keyword co-occurrence analysis, STEM education, AI, and robotics were the most commonly 
used terms. Research trends in AI and STEM education are evolving from the integration of 
simple computer systems in early publications to the practical use of AI platforms, such as 
ChatGPT, in STEM teaching. These findings provide comprehensive information and insights 
into the dynamics of AI and STEM education, informing future research.
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Introduction
In this fast-paced world, where science and 

technology advance rapidly, Artificial Intel-
ligence (AI) makes significant contributions 
to human life, including in education. The 
emergence of AI in education has attracted 
considerable attention in recent years (Chen et 
al., 2020; Hwang et al., 2020). AI is recognized 
as a supercomputer with advanced capabilities 
that integrate adaptive behaviour, human-like 
cognition, and two-way communication between 
humans and computers (Chen et al., 2020; 
Kohnke & Zaugg, 2025). Artificial Intelligence 
is a broad concept encompassing computational 
technologies that replicate human thought, 
enabling machines to tackle tasks that would 
previously have required human intelligence 
(Jantakun et al., 2021). The presence of AI 
aims to facilitate idea generation in addressing 
cognitive challenges by mimicking human intel-
ligence, including pattern and speech recog-

nition, learning adaptation, and decision-making 
(Chassignol et al., 2018; Sharma et al., 2019; 
Wartman & Combs, 2018).

Artificial Intelligence in Education (AIEd) has 
emerged as an interdisciplinary field that inte-
grates advanced technologies such as machine 
learning, data analytics, and algorithms (Kavitha 
& Joshith, 2024) within educational paradigms, 
particularly in the context of teaching practices, 
research pursuits, assessments, and academic 
administration (Chassignol et al., 2018; Falebita 
& Kok, 2024; Hwang et al., 2020; Jebli et al., 
2021). The main aim is to promote educa-
tional reform (Ouyang & Jiao, 2021) and create 
engaging learning environments (Xu & Ouyang, 
2022a). This is aligned with interdisciplinary 
STEM learning, which is not just outlining the 
connection across science, technology, engi-
neering, and mathematics disciplines but, more 
importantly, the implementation of interdis-
ciplinary learning practices, curriculum, and 
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assessment (Gao et al., 2020), and deep inter-
disciplinary knowledge integration (Liao et al., 
2021). The presence of AI may help students to 
understand STEM concepts better (Carlos et al., 
2023). In reality, implementing STEM teaching 
is challenging. It is not as simple as integrating 
several disciplines, but the “intentional” and 
“specific” factors need to be considered in the 
curriculum (Bryan et al., 2015). Integrating AI 
into STEM education requires tactical consid-
erations (Xu & Ouyang, 2022b) that go beyond 
technological aspects to address the social and 
psychological factors influencing students’ 
attitudes (Ateş & Gündüzalp, 2025).

The integration of Artificial Intelligence 
(AI) within STEM (Science, Technology, Engi-
neering, and Mathematics) education is a subject 
of academic interest, particularly in identifying 
best practices for STEM teaching and fostering 
students’ skills. This study aimed to investigate 
the evolution of research on the use of AI in 
STEM education by analyzing publications from 
the Scopus database, spanning from the earliest 
studies to the most recent contributions. The 
outcomes of this study are expected to provide 
a solid foundation for future investigations in 
AI and STEM education. While several biblio-
metric studies have addressed various aspects 
of AI in education, such as its application in 
science education (Akhmadieva et al., 2023), 
AI integration in STEM/STEAM education 
based on publications from 2014 to 2024 from 
the Web of Science (WoS) database (Sun & 
Saleh, 2024), and insights, opportunities, and 
patterns of AI-enhanced STEM education of 186 
documents published in 2013 to 2023 from Web 
of Science (WoS) database (Yang et al., 2024), 
a comprehensive bibliometric study that system-
atically traces the evolution of AI research in 
STEM education, from the initial to the most 
recent publications from Scopus database 
remains absent. This gap in the literature high-
lights the need for an in-depth examination 
of the full trajectory of AI research in STEM 
education from its inception to the present publi-
cation. This study not only presents insights into 
emerging trends and research directions but also 
provides a foundational roadmap to guide future 

scholars in advancing AI-driven innovation in 
STEM education.

Methodology

Research Design
This study employs bibliometric analysis to 

generate quantitative data and determine the 
current state of research on Artificial Intelligence 
and STEM education. The bibliometric study 
analyses the connections among publications, 
authors, countries, affiliations, etc., using visual 
data (Zupic & Čater, 2015), which is gaining 
substantial popularity within the academic 
community when combined with content analysis 
(Koskinen et al., 2008). This study comprises 
two primary stages Jamali et al. (2023): dynamic 
and structural analyses. Dynamic research 
examines publication patterns and distributions, 
including authors’ data, keywords, citations, 
and bibliometric indices such as the h-index. 
Meanwhile, structural studies include analyses 
of co-occurrence, collaboration, and co-citation 
networks, as well as thematic maps.

Data Collection
Data were collected from the Scopus database 

on March 06, 2025. Scopus by Elsevier is a 
prominent publisher, renowned for its high-
quality studies and an extensively used database 
for rigorous scientific research (Alshater et al., 
2022). According to Chadegani et al. (2013) 
the Scopus database, it has extensive coverage 
in the social sciences compared to the Web 
of Science (WoS). Alshater et al. (2022) and 
Falagas et al. (2008) revealed that for citation 
analysis purposes, Scopus provides approxi-
mately 20% better coverage than Web of Science 
(WoS), while Google Scholar was criticized for 
its inconsistent accuracy, coverage, and poor 
quality. Therefore, this study used the Scopus 
database as the source of document collection. 
This study examined past and current research 
trends in AI and STEM education. The timespan 
covered 17 years of publication, from the first 
published article on Artificial Intelligence (AI) 
in STEM Education in 2008 to the last review on  
March 06, 2025. 
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Figure 1: Document Collection Flow
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Data Processing and Tools
The bibliometric analysis tools used in this 

study included Microsoft Excel, OpenRefine, 
RStudio, and VOSviewer. Data were collected 
from the Scopus database following specific 
search queries and inclusion and exclusion 
criteria, as shown in Table 1. The data were 
exported as Comma-Separated Values (CSV) 
files. Microsoft Excel and OpenRefine were 
used to clean the data, eliminating incomplete 
and inappropriate data used in this study. Double 
data cleaning was conducted to obtain specific 
and clean data for the study. Moreover, the 
OpenRefine software merged the terms that 
were meant and defined similarly. Subsequently, 

RStudio and the Bibliometrix package were 
used to analyze the quantitative data from the 
documents (Aria & Cuccurullo, 2017). Because 
the data in RStudio was not easily editable, 
Microsoft Excel was used to redesign and 
restructure the quantitative data into graphs and 
tables. Finally, VOSviewer was used to visualize 
bibliometric networks (Van Eck & Waltman, 
2010) and conduct network and content analyses 
of the documents used in this study. Detailed 
information on the document collection flow is 
presented in Figure 1.

Table 1: Inclusion and Exclusion Criteria

Result and Discussion
Table 2 summarizes the descriptive statistics 

for the dataset on “Artificial Intelligence” and 
“STEM Education” from the Scopus database 
(2008-2025). The data were divided into two 
sections according to the research design: 
dynamics and structure. First, in the dynamic 
analysis, 354 articles were published in 119 
journals during the given timespan. It can be 
seen that the average citation per document 
was 24.13, which is regarded as exceptionally 
high compared to the social sciences fields (2.1) 
(Mumu et al., 2021) and the field of engineering 
study (6.92) (Ebrahim et al., 2020). Moreover, 
the dataset covered 1,125 author keywords.

On the other hand, Table 2 also presents the 
data from the structural study. A total of 1,167 
authors published articles on Artificial Intel-
ligence and STEM education, including 31 
single-authored and 323 collaborative publi-
cations. The number of co-authors per document 
is 3.7, which indicates the average number of 
authors who collaborated on a single document. 
The last criterion of the bibliometric structure 
study is the number of references (18,461). The 
average number of references per document 
was 52.15 (18,461/354), suggesting that future 
studies on “Artificial Intelligence” and “STEM 
education” should include at least 52 references 
per article.
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Publication Trends by Years and Average 
Annual Citation

Figure 2(A) shows that the number of publi-
cations on “Artificial Intelligence” and “STEM 
Education” is gradually increasing. Artificial 
intelligence has evolved rapidly in the last few 
years, becoming a current research hotspot 
(Zhang & Lu, 2021) since the end of the 20th 
century (Xu, 2013). The steady increase in 
annual scientific publications indicates that more 
researchers are studying the topic, leading to 
advances in knowledge and the emergence of 
new research areas (Liu et al., 2020). The number 
of AI and STEM education research publications 
published in 2025 decreased significantly to 

only 13, as the data were collected on March 06, 
2025. Some documents related to AI and STEM 
education are likely to be produced in 2025. The 
graph indicates that research on “Artificial Intel-
ligence” and “STEM education” will remain 
trending in the coming years. Xu and Ouyang 
(2022a) agree that considering AI to improve the 
quality of STEM learning is a fertile ground for 
further studies. Song and Wang (2020) revealed 
that further research on Artificial Intelligence is 
emerging. Taken together, these findings indicate 
that research on the integration of AI in STEM 
education is an emerging area with significant 
potential for further scholarly development.

Table 2: Dataset Summary

Figure 2. (A): Annual Publication Trends Figure 2. (B): 	Average Annual Citations

Figure 2 (B) depicts the average citations per 
year for research on “Artificial Intelligence” 
and “STEM education.” In the initial period, 
the average annual citation rate was 0.06, and 
it fluctuated in the following years, peaking 
in 2016 at 21.32. The average yearly citation 
sharply declined to 4.51 in 2017 and remained 

depressed at 1.73 in 2024. Citation is sometimes 
referred to as the “measurement” of scientific 
quality (Abramo & D’Angelo, 2011; Durieux 
& Gevenois, 2010), encompassing aspects of 
scientific impact and relevance (Aksnes et al., 
2019), and it can be affected by several factors. 
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Citation Analysis 
The citation analysis of journal sources was 

conducted according to the h-index, number 
of published articles, total citations, first publi-
cation year, and link strength. Table 3 presents 
the top 10 journal distributions ranked by total 
citations. The most cited journal was Computers 
and Education. This open-access journal with 
an impact factor of 4.1 is in Quartile 1 (Q1), 
published by Elsevier Ltd., United Kingdom. 
There are 9 articles on “Artificial Intelligence” 
and “STEM education” published since 2015, 
with a total of 1,180 citations and an average 
citation per document (NCpR) of 131.1. The 
second-most-cited journal was the Journal of 
Science Education and Technology (TC = 667). 
This journal is in Quartile 1 (Q1) by Springer, 
Netherlands, with an impact factor of 3.3. There 
are 13 documents published in this journal, 
making it the second most productive journal. It 
is essential to highlight that the Journal of Science 
Education and Technology (JOST) not only 

ranked highly based on total citations and number 
of publications but also achieved the highest total 
link strength (TLS = 52), indicating it is the most 
influential and impactful journal. Moreover, two 
journals published the most documents: IEEE 
Transactions on Education (NCpR = 24.7; TLS 
= 8) and Education Sciences (NCpR = 21.6; TLS 
= 14), with 15 articles published. However, these 
journals have low citation rates (NCpR) and total 
link strengths (TLS), indicating that they are 
less influential. The higher the TLS score, the 
stronger the connection between nodes (Kwon, 
2023). Several researchers have also high-
lighted similar results: Computers & Education 
(Moreno-Guerrero et al., 2020; Talan, 2021), 
IEEE Transactions on Education (Chen et al., 
2020), and the Journal of Science Education and 
Technology (Jamali et al., 2023) are among the 
standout publishers of articles related to AI and 
STEM education.

Table 3: Journal Distribution Rank

Citation analysis of the corresponding authors’ 
countries was performed using the Bibliometrix 
package in RStudio and VOSviewer. The top 
10 countries by total citations, based on the 
two criteria, are presented in Table 4. Firstly, 
the country should have at least two published 
articles on “Artificial Intelligence” and “STEM 
education” followed by the second criterion 
with a minimum of two citations. Initially, the 
authors were from 68 countries, but only 48 met 
the publication threshold and were included in 
this study. It is clear that the USA is the most 

influential country, with the most publications 
(133), the most total citations (4,185), and the 
highest total link strength (123), followed by the 
UK in second position with 1,106 total citations 
from 19 publications. Some relevant studies 
also revealed similar results, with the US being 
the top country with the most published articles 
on Artificial Intelligence (Akhmadieva et al., 
2023; Guo et al., 2024; N. Sun & Saleh, 2024) 
and STEM education (Jamali et al., 2023; Su & 
Yang, 2024; Zhan et al., 2022).
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Table 4: Countries Distribution Rank

Document Citation Analysis 
A citation analysis of articles with the highest citation counts on the subject in the Scopus database 

was conducted. The pertinent data is shown in Table 5.

Table 5: Most Cited Documents

Table 5 presents information about the top 
ten authors based on the most frequently cited 
documents in the Scopus database from 2008 
to 2025. As can be seen, Potkonjak et al. (2016) 
received the most citations (668). They reviewed 
articles on virtual laboratories in STEM fields 
published in the journal Computers & Education. 
The second to fourth most-cited papers mainly 

discussed the integration and implementation of 
robotics in the classroom environment. Kazakoff 
et al. (2013), as the second most-cited paper, 
received 297 total citations, followed by Sullivan 
and Bers (2016) 265 in the third place. Their 
articles discuss the design of robotics programs 
for preschool students. 
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The three earliest publications on AI and 
STEM education are listed in Table 6. Schneider 
et al. (2008) A paper was written investigating 
the NASA Robotics Alliance Cadets Program to 
design an interactive, integrative undergraduate 
STEM education curriculum and assessment. 
The results show that the instruments meet the 
criteria for accessibility and sustainability and 
satisfy the program validation standards. This 
article has only received one citation since it 
was first published. Following this, Zapata‐

Rivera et al. (2009) the focus was on fostering 
students’ vocabulary and mathematics compre-
hension using BELLA, an integrated assessment 
and educational gaming system. These results 
support the idea that BELLA illustrates the 
advancement of artificial intelligence in the 
academic context, reflecting its validity as an 
instructional resource. Interestingly, one of the 
first published articles Nugent et al. (2010) had 
numerous citations (190) discussing the practical 
implications of robotics in the learning context.

Table 6: Earliest Published Documents

Table 7: Latest Published Documents
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The three latest publications on Artificial 
Intelligence and STEM Education are presented 
in Table 7. The total number of citations for the 
latest documents remains very limited; therefore, 
the discussion will mainly focus on the research 
topic. Valeri et al. (2025) In a paper titled 
“Exploring Students’ Experience of ChatGPT 
in STEM Education,” the authors aimed to 
investigate how upper-secondary students use 
ChatGPT in STEM education. A mixed-methods 
approach was used to gather qualitative and quan-
titative data through surveys and semi-structured 
interviews. The finding highlights students’ 
use of ChatGPT specifically to learn biological 
concepts. The results also showed that although 
students had a limited understanding of AI, they 
could perform a compelling prompting approach. 
Li et al. (2025) intended to explore human (inter-
personal) and human-machine (generative AI) to 
foster STEM teaching in collaborative learning. 
Three collaborative methods were employed: 
in-service Teacher-Student Teacher Pair 
Learning (TSPL), ChatGPT-Student Teacher 
Pair Learning (CSPL), and integrated Human-
Machine Collaborative Learning (iHMCL). 
These results suggest that the collaborative 
learning approach is effective across all three 
methods. Chan et al. (2025) systematically inves-
tigated the large language models (LLMs), such 
as ChatGPT’s ability to generate assessments on 
STEM fields. Their findings suggest that chat-of-
thought prompting, particularly with GPT-4.0, 
produces well-formed questions, supporting the 
potential of LLMs as valuable tools for teachers 
in generating STEM-related assessments.

In summary, after discussing the most cited, 
earliest, and latest documents, it can be concluded 
that research trends in AI and STEM education are 
evolving. The earliest publications in the Scopus 
database on AI and STEM education found that 
research mainly focused on integrating simple 
computer systems. It is a contrast to notice that 
the research topic on AI and STEM education 
evolved from the use of robotics, technological 
devices, and game-based learning to the practical 
use of AI-based platforms such as large language 
models (Latif et al., 2023), predictive analysis 

(Jia et al., 2024), deep learning (Hwang et al., 
2020), and natural language processing (Chng et 
al., 2023). The field of AI has experienced rapid 
advancement and transitioned from the use of 
simple computer systems to embedded systems 
(Chassignol et al., 2018), pushing the limits of 
achievable capabilities with intelligent machines 
(Marengo et al., 2024), big data technologies 
(Duan et al., 2019), artificial neural networks, 
and deep learning (Haenlein & Kaplan, 2019). 

Co-authorship Analysis
Co-authorship analysis was conducted to 

investigate international author collaboration. 
In this study, 68 countries were included; 42 
met the minimum two-publication threshold for 
AI and STEM education. Fractional counting 
was performed to mitigate the impact of multi-
ple-author documents (Alshater et al., 2022). 
Figure 3 shows the five clusters, each in a different 
color, representing how countries are connected 
within the research network. The UK, Canada, 
Colombia, and Germany were in the same 
cluster, presenting internal collaboration within 
a similar field. The size of the circle indicates the 
dominance of total publications, while the line 
indicates the connection or cooperation between 
countries. Moreover, a closer position between 
the two countries indicates a strong and broad 
collaboration. For instance, the United States 
produced the most documents co-authored with 
authors from 11 countries. 

In contrast, the Netherlands and Germany 
cooperated with 14 countries (link = 14) to 
produce nine papers. Surprisingly, the United 
Kingdom has the most links (20), indicating that, 
in producing 19 documents, UK authors collab-
orated with foreign authors from 20 countries. 
Overall, while the US has the highest number 
of publications, its collaboration was limited to 
authors from only 11 countries. In comparison, 
the UK, despite producing fewer documents 
(19), has a significantly higher collaboration 
rate, involving authors from 20 countries. This 
suggests that both the number of publications 
and international co-authorship are important 
indicators of research impact and collaboration.
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Co-citation Analysis
Co-citation analysis was conducted to 

visualize connections among published articles 
in the Scopus database on AI and STEM 
education. Co-citation analysis investigates the 
associations and interrelations among scholarly 
articles and research fields (Kim & McMillan, 
2008). The citation count was limited to at 
least 10, resulting in 211 journals meeting the 
threshold out of 8,932. As shown in Figure 4, 
six clusters indicate a similar field of study, and 
they are often cited together. For instance, the 

blue node represents computer-science-related 
journals such as “Computers and Education” and 
“Computers in Human Behaviour.”  Moreover, 
the larger circles indicate citations that are more 
frequently cited within the respective clusters. 
The spatial distribution of the nodes indicates the 
connections; the closer their positions, the more 
often they have been co-cited. For instance, 
“Computers and Education” appears to overlap 
significantly with other journals, reflecting its 
centrality in the network. 

Figure 3: Co-Authorship Analysis in the Authors’ Country

Figure 4: Co-citation Analysis on Journal Sources
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Keywords Co-occurrence Analysis
Keyword co-occurrence analysis was 

conducted on author keywords to determine and 
explore the network structure of connections 
among them, as shown in Figure 5. Studies on 

keyword co-occurrence within scholarly publi-
cations can yield valuable insights into research 
trends (Liu et al., 2020).

The occurrence threshold was set to at least 
3, yielding 69 terms used in this study from an 
initial 1,163 keywords. STEM education is the 
most widely discussed term, as indicated by the 
larger circle relative to the other nodes. In addition 
to size, the location of the nodes also reflects 
their frequency and their strong connections to 
different terms. For instance, STEM education, 
artificial intelligence, and robotics are positioned 
at the center of the map, indicating their co-oc-
currence and the frequency with which they are 
studied alongside other keywords within clusters. 
The results also revealed that ChatGPT, artificial 
intelligence, generative AI, STEM integration, 
and machine learning are the leading, emerging, 
and most discussed terms, as indicated by the 
yellow circles. 

Bibliographic Coupling Network
Bibliographic coupling analysis yields 

insights into the alignment of scholarly articles 
in terms of their thematic content or additional 
attributes. Bibliographic coupling analysis was 
conducted using VOSviewer, following Van Eck 
and Waltman (2010), and the unit of analysis 
was set to documents. Three criteria were used to 
define and analyze the data. First, the minimum 
number of citations was set at 10. Of the 354 
papers, 165 met the threshold, resulting in 158 
interconnected datasets. Second, fractional 
analysis was performed instead of full counting. 
Fractional counting facilitates a degree of control 
to minimize the effect of documents written by a 
larger number of authors (Alshater et al., 2022). 
Third, the cluster size was set to at least 10, 
yielding 8 clusters.

Figure 5: Co-occurrence Analysis on Authors’ 
Keywords
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Figure 6 presents the results of the 
bibliographic coupling network analysis. 
Furthermore, a comprehensive review and 

analysis of each cluster generated by VOSviewer 
was performed by reading each article and iden-
tifying its categorization, as shown in Table 8.

Table 8: Thematic Topic of Research on AI and STEM Education

Figure 6: Bibliometric Coupling Network Analysis
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Cluster 1: Artificial Intelligence in Education 
and Learning Technologies

Cluster 1 represents the most substantial 
entity within the group, encompassing 31 publi-
cations that mainly focus on the broader appli-
cations of AI and various learning technologies 
in education. The key themes discussed in this 
cluster included intelligent tutoring systems, 
AI-driven personalized learning, and educa-
tional technologies. Lin et al. (2021) Conducted 
a three-week STEM learning integrated with AI 
for 328 students and found a strong correlation 
between students’ AI literacy and AI ethical 
issues awareness. Dzikovska et al. (2014) 
developed a circuit simulator, “Basic Electricity 
and Electronics Tutorial Learning Environment 
(BEETLE II)” to address students’ challenges 
in studying electricity and electronics topics 
through guided experimentation and reflective 
discussion. The results show that the system is 
highly effective in fostering students’ self-ex-
planation ability, with an effect size of 1.72 
relative to the pre- and post-test results. Graesser 
et al. (2018) designed the “ElectronixTutor” to 
investigate intelligent tutoring systems (ITSs) 
to address STEM challenges, particularly on the 
electronic circuits topic, by gathering several 
types of well-tested and valid intelligent tutoring 
systems like BEETLE II (Dzikovska et al., 
2014), AutoTutor, LearnForm, ASSISTments, 
narrative instruments, and videos into a single 
integrated system. Chng et al. (2023) identified 
82 documents through a systematic literature 
search on how AI and technology facilitate 
STEM education. The results highlight that 
augmented reality (AR) and natural language 
processing are two technologies commonly 
used in STEM learning. Alabdulhadi and Faisal 
(2021) Conducted a systematic literature review 
of 47 publications from four databases inves-
tigating self-study simulator-based intelligent 
tutoring systems (ITSs) in STEM education. The 
study revealed that most ITSs are implemented 
in computer science and engineering subjects, 
particularly in tertiary education settings. 
Although they are also found in elementary and 
middle/high school education, their numbers are 
limited. Following this, Paladines and Ramirez 

(2020) a systematic review of intelligent tutoring 
systems using natural language was conducted 
across 33 documents published over the last two 
decades. This result aligns with Alabdulhadi and 
Faisal (2021), who found the finding that ITSs 
are often used by tertiary (university) students 
in STEM subjects, with the majority agreeing to 
use them to solve scientific problems by applying 
laws, theories, and rules.

Cluster 2: Technology-enhanced Learning 
Environments and STEM Teaching

The second largest cluster, comprising 29 
items, is Cluster 2. This cluster primarily focuses 
on designing, implementing, and evaluating 
technology-enhanced learning environments in 
STEM education, including virtual or e-learning 
environments, flipped-classroom models, and 
active-learning approaches. Fowler et al. (2022) 
Conducted a one-week technology-enhanced 
STEM program for 107 7th-grade students. 
The results showed that the program positively 
impacted students’ spatial skills and attitudes 
towards STEM. Battaglia and Kaya (2015) 
Conducted experimental research on two groups 
of students, following a traditional lecture (23 
students) and a flipped digital circuit engineering 
class (29 students) on a similar topic. The research 
revealed that students in the flipped classroom 
design comprehended theoretical concepts more 
deeply than those in the traditional lecture class. 
Furthermore, Yannier et al. (2020) integrated AI 
into the design of intelligent science station tech-
nology using a discovery model to enable active 
learning on specific science topics. This led to 
the finding that students had better compre-
hension of scientific principles, as indicated by 
a fourfold increase in post-test scores compared 
to pre-test scores.

Cluster 3: Robotics Interventions in STEM 
Learning

28 publications in Cluster 3 focused on 
robotics as an educational intervention in 
STEM learning. Nugent et al. (2010) examined 
two robotics and geospatial technologies inter-
ventions for middle school students. The first 
intervention was a 40-hour robotics program, 
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and the second was a 3-hour program similar 
to it. The results showed that the intervention 
period impacted students’ conditions differently. 
Students who followed the 40-hour program 
had a more profound understanding, while the 
short-term intervention program influenced 
students’ attitudes and motivation but did not 
improve their learning performance. Konijn and 
Hoorn (2020) designed an autonomous tutoring 
robot for 86 students (8-10 years) and revealed 
that students benefited from a robot tutor, partic-
ularly in multiplication tables. Moreover, Kim 
et al. (2015) aimed to facilitate pre-service 
teachers’ design and application of STEM-based 
learning using robotics. Quantitative and quali-
tative analyses were conducted, and the results 
indicated that the robotics program influenced 
teachers’ STEM engagement and attitude toward 
STEM. Jaipal-Jamani and Angeli (2017) also 
investigated robotics programs in preparing 
STEM teaching. The findings revealed that 
robotics activities enhanced pre-service teachers’ 
self-efficacy, computational thinking, under-
standing of scientific concepts, and interest in 
integrating robotics into STEM instruction.

Cluster 4: STEM Virtual Laboratories
Cluster 4, comprising 20 documents, focuses 

on the use of AI and technological devices in 
developing and implementing STEM virtual 
laboratories. Potkonjak et al. (2016), as the 
largest node in Figure 5, is the most-cited 
document (TC = 668) aimed at summarizing 
research on virtual laboratories within STEM 
fields, including computer graphics, augmented 
reality (AR), and virtual worlds that are replicated 
as fully software-based virtual labs. De Jong et 
al. (2021) developed the “Go-Lab”, an online 
platform that enables teachers to design Inquiry 
Learning Spaces (ILSs) in STEM-related online 
laboratories. “Go-Lab” has been translated into 
30 languages, with 614 laboratory activities, 
including 54 remote labs, 543 virtual labs, and 
17 data sets on STEM fields, benefiting 99,321 
students. Hossain et al. (2018) designed an open 
online course and interactive biology cloud 
laboratories comprising 2300+ inquiry-based 
experiments run by over 300 students. The 

study revealed that millions of users worldwide 
could utilize integrated open online courses and 
biology labs.

Cluster 5: Robotics and Programming in Early 
Childhood STEM Education

Cluster 5 comprised 17 documents that 
mainly discussed the utilization of robotics and 
programming in early childhood education. 
Kazakoff et al. (2013) investigated a one-week 
robotics programming program for 27 early 
childhood students in a STEM magnet school 
in the US. Paired-sample t-tests revealed that 
the program significantly enhanced preschool 
students’ sequencing abilities. Sullivan and Bers 
(2016) Conducted a two-month robotics program 
utilizing the “KIWI robotics kit” integrated with 
a programming language for 60 early childhood 
STEM curricula students. After the program, the 
children were assessed on their understanding 
of robotics and basic programming concepts. A 
significant influence on their understanding was 
observed, and Bers discussed “Coding as Another 
Language” (CAL) as a pedagogical approach for 
a preschool computer science program aimed at 
nurturing early childhood students to use a new 
language (symbolic or character representation) 
to express or communicate a function.

Cluster 6: Engineering Design Process and 
Game Integration

A total of 13 publications were included in 
Cluster 6, mainly related to the engineering design 
process and game-enhanced learning in STEM. 
Bampasidis et al. (2021) initiated a Hydrobots 
project involving >300 teams of students in 
designing remotely operated underwater vehicles 
applying the engineering design process (EDP) in 
STEM fields. The study reported that the project 
contributed to students’ science performance, 
transversal ability, and positive attitude toward 
science and technology. Sen et al. (2021) inves-
tigated the computational thinking of gifted and 
talented students in a ten-week STEM program 
based on EDP. The program involves robotics 
and 3D modeling, utilizing Lego bricks, and 
seeks to enhance the computational thinking 
abilities of both gifted and talented students. 
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Zhao et al. (2022) investigated game-based 
programming courses (Newton Project and 
Educational Games for Programming Course) 
for undergraduate and postgraduate students. 
Four data types were collected: content under-
standing, students’ learning confidence, interest 
in STEM, and learning engagement. The findings 
presented the positive benefits of implementing 
serious games in programming classes. Ferro et 
al. (2021) designed Gea 2: A New Earth, a digital 
serious game, as virtual 3D learning media. The 
serious game integrates educational resources, 
content-based learning materials, a commu-
nicative interface, and an intelligent tutoring 
system. The study focused on the game’s vali-
dation and evaluation by hundreds of partic-
ipants. This indicates that the game is attractive 
to students for learning environmental topics.

Cluster 7: Robotics and Computational 
Thinking

In Cluster 7, 10 documents discussed the 
impact of robotics programs on students’ 
computational thinking skills. Naya-Varela et 
al. (2023) presented “Robobo SmartCity” as 
a learning resource designed to teach students 
the basic principles of Artificial Intelligence 
(AI) and nurture their computational intel-
ligence (CI). “Robobo SmartCity” has been 
tested on high school students and has presented 
outstanding results in student learning outcomes. 
Shang et al. (2023) aimed to investigate third 
and fourth-grade students’ self-efficacy and 
computational thinking skills by conducting 
a “Robotics STEM Camp” program in three 
consecutive days. 153 students from three rural 
schools in China participated in this program. 
The three-day robotics STEM camp significantly 
impacted students’ self-efficacy and computa-
tional thinking. In particular, those who pursued 
engineering programs had stronger computa-
tional thinking skills. They explored factors influ-
encing primary students’ computational thinking 
(CT) skills by conducting collaborative robotics 
activities for fourth and fifth-grade students. 
The results discussed three main factors influ-
encing CT: learning motivation, enjoyment, and 
intrinsic motivation.  

Cluster 8: Emerging Technologies and AI in 
Education

Cluster 8 comprised 10 documents focused 
on emerging technologies, particularly Artificial 
Intelligence (AI) and ChatGPT, and their ethical 
implications for education. Ding et al. (2023) 
purposedly investigated undergraduate students’ 
perceptions of using ChatGPT as a virtual educa-
tional resource in STEM education. Interestingly, 
the findings show that although ChatGPT is often 
inaccurate in its answers, students mostly believe 
it can answer questions correctly. Following this, 
Wang et al. (2024) analyzed ChatGPT’s ability 
to answer 40 college-level engineering physics 
questions. Surprisingly, although ChatGPT may 
provide correct answers to 62.5% of questions, 
its answers are inaccurate (8.3%).

Conclusion
This bibliometric study has several impli-

cations, especially for future studies on the 
evolving trends in Artificial Intelligence and 
STEM education. The analysis examined 
publication trends, citation analysis, research 
hotspots and topic shifts, co-authorship, co-ci-
tation, co-occurrence, and topic diversity of 
past and most recent articles on AI and STEM 
education from 2008 to 2025. The results of this 
study provide comprehensive information for 
future researchers interested in AI and STEM 
education, highlighting the most popular topics 
and future research trends. This study also 
presents comprehensive information on the 
most established authors in AI-STEM education, 
offering guidance for future collaboration and 
partnership opportunities, access to essential 
resources, and staying informed about the latest 
advancements in the field. Information about the 
top journal publishers might provide insights 
into identifying relevant articles and ideas for 
choosing publishers for future research. Overall, 
the research findings contribute to the theoretical 
understanding of the dynamics of Artificial Intel-
ligence and STEM education.

However, this study might have several 
limitations, ranging from the database used 
being limited to Scopus to the combination of 
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multiple databases such as Web of Science 
(WoS) and Google Scholar, which might yield 
different results and trends. Secondly, the number 
of publications in 2025 was limited since this 
study was conducted in March 2025. Moreover, 
this study manually read each article’s abstract 
as a selection criterion. This stage may have 
had both positive and negative impacts on the 
study. The positive side might be ensuring that 
all documents used in this study align with the 
research topic, as collecting documents based 
on the research title does not guarantee that the 
discussion within the articles aligns with the 
topic. However, the author’s personal interest 
may have influenced the selection criteria.
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