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Abstract: The advancement of artificial intelligence (AI) has been significantly driven by
developments in machine learning and neural networks. As Al becomes increasingly
pervasive, its applications are diversifying, with notable penetration in sectors such as
health, education, social media, robotics, and entertainment. One area in which Al is being
deployed is science education. The objective of this study is to examine the research that

incorporates Al within the field of science education. By analyzing trends in the reviewed
studies, this research identifies the countries, institutions, journals and scholars that are
the most prominent contributors to this field of enquiry. The findings suggest that the
incorporation of artificial intelligence into science education is still in its infancy, with a
paucity of widespread implementation. However, there is a discernible increase in the
quantity of published works, with an emerging emphasis on the assessment of learning
outcomes and the enhancement of academic performance. The findings indicate that the
United States is the leading country in terms of publications related to Al in science
education, accounting for 38% of the total contributions. Additionally, Tiirkiye has
emerged as a notable contributor in this field, demonstrating a growing presence. The
Journal of Science Education and Technology was identified as the preeminent journal
publishing research on Al Furthermore, the findings revealed that GPT was the most
frequently utilized tool in this context. In light of these findings, it is recommended that
future investigations into the application of artificial intelligence (AI) in science education
employ a range of Al tools and explore the development of higher-order thinking skills.

Received: 16.05.2024
Accepted: 05.11.2024
Available Online: 10.11.2024

Keywords: Artificial Intelligence, Bibliometric Analysis Science Education, Science
Learning

1. Introduction

The development of artificial intelligence (Al), accompanied by the advent of technologies such as neural
networks and machine learning (Wang, 2019), represents a significant advance in computing. In
contrast, conventional Al is typically designed to address a specific set of challenges by reacting to
distinct inputs and relying on existing datasets (Cheung et al,, 2024; Page et al., 2018; Schlegel & Uenal,
2021), Conversely, generative artificial intelligence (GenAl) is engineered to produce novel content or
data by recognizing patterns gleaned from training data (Dwivedi et al., 2023). While traditional Al is
typically focused on analysis and forecasting, GenAl has the potential to generate novel content, thereby
opening up new avenues for creativity and innovation (Abbott & Rothman, 2022). This shift indicates a
transition towards an educational framework and societal landscape where Al technology increasingly
aids individuals in addressing their challenges (Cooper et al., 2024). GenAl represents a valuable tool
for fostering creativity, personalized learning, and inventive pedagogical approaches (Cheung et al,,
2024; Perera & Lankathilake, 2023; Garcia-Pefialvo et al., 2023). Through autonomous content creation,
GenAl can furnish tailored learning resources, formulate practical exercises, and devise realistic
scenarios or simulations for hands-on learning experiences (Mello et al., 2023). The advancement of this
technology signals the advent of a new era of innovation, which will redefine the concept of intelligence
by embracing the dynamic integration of human ingenuity and machine capabilities (Cooper & Tang,
2024).

In addition to the potential advantages offered by these technologies, there are also significant
disadvantages and ethical concerns that must be considered (Mumtaz et al., 2024). Learning Analytics
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platforms have the capacity to provide detailed insights into student engagement, performance trends
and learning processes. Nevertheless, the Council of Europe (2022) has identified a number of critical
ethical issues pertaining to the potential impact of these technologies on the representation of students
and teachers. In this context, existing research indicates that interactions with automated artificial
systems may result in a reduction in the sense of control experienced by human operators (Berberian
etal, 2012; Yusufetal.,, 2024). Such a dependency may have a negative impact on human interaction, as
it could lead to a decline in the quality of decision-making processes. Additionally, the gathering of
personal and confidential data, such as mood analysis, gives rise to substantial ethical concerns,
including the monitoring of activities pertaining to political views, ethnic identity, and sexual orientation
(Tundrea, 2020). It is therefore of paramount importance to safeguard the privacy of individuals and
guarantee the security of data during the utilization of such technologies. The effective utilization of
educational technologies will be contingent upon a comprehensive consideration of their potential
benefits, in addition to a rigorous addressing of the aforementioned ethical concerns. Furthermore,
there is a substantial concern that the advent of new technologies may exacerbate existing inequalities
in education, potentially exposing learners to biases and cultural barriers (Malik et al., 2024; Miao et al,,
2021). This situation has the potential to negatively impact both the learning process and assessment
strategies. For example, while pedagogical agents are designed to enhance educational experiences by
emulating human interactions and cultivating positive emotions, they also give rise to concerns
pertaining to emotional privacy and the character of virtual relationships (Hudlicka, 2016; Vuckovi¢ &
Sikimi¢, 2024). Consequently, ethical issues may emerge from competing interests that extend beyond
individual users to their families. Discussions surrounding these matters frequently reflect the diverse
viewpoints of various stakeholders, whose perspectives differ based on their associations with private
companies, government bodies, research institutions, universities, or educational organizations
(Popenici & Kerr, 2017). Kowalczuk-Waledziak et al. (2019) posit that the extant framework for teacher
education is in need of reassessment, particularly at the nexus of ethical concerns and pedagogical
practices. A participatory approach that actively involves educators could facilitate significant
advancements in pedagogy (Chichekian & Benteux, 2022). Furthermore, a systematic review of the
literature addressing the ethical dimensions of Al applications has revealed a notable lack of focus on
ethical considerations, even in the context of the launch of various educational initiatives in schools
(Mouta et al,, 2023). Notwithstanding the existing challenges, a number of recent initiatives have been
launched with the objective of addressing these pressing concerns and needs (Malik et al., 2024). Among
these is the UNESCO Al Competence Framework for Educators, scheduled for introduction in 2024. The
framework comprises a three-phase progression plan, which is designed to foster a human-centered
approach, address ethical considerations related to Al, facilitate comprehension of the fundamental
principles and applications of Al, integrate it into pedagogical practices, and utilize it for ongoing
professional development (UNESCO, 2023). To illustrate, the AI4T initiative, which seeks to improve the
training of educators and school administrators in the field of artificial intelligence, has been developed
in a collaborative manner by France, Slovenia, Italy, Ireland, and Luxembourg. The ethical implications
of Al in educational contexts have been identified as a key priority within the shared learning objectives
established for professional development pathways across these nations. In this context, it is imperative
that ethical challenges are effectively addressed in order to create a more inclusive and equitable
educational landscape (Mouta et al.,, 2024).

A review of the last decade reveals that artificial intelligence (AI) has become increasingly pervasive and
has exerted a significant influence across a range of domains, including health, education, social media,
robotics, and entertainment (Su & Yang, 2022) Al technologies such as GPT-4 and Google Brain have
been demonstrated to possess capabilities approaching those of humans, encompassing visual
recognition, the ability to write programming code, and the capacity to solve mathematical problems
(Cheung et al., 2024). Consequently, as Al has gained a significant presence in society, researchers have
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emphasized the importance of improving students' Al literacy (Druga et al., 2019; Ng et al,, 2022). Some
scientists define Al literacy as comprising cognitive skills and emotional attitudes (Ng etal., 2021). These
skills include the ability to comprehend, utilize, and assess Al, as well as to address ethical concerns.
While these components align with cognitive skill levels in Bloom's taxonomy (Bloom et al., 1956), they
also relate to values associated with Al technologies. However, these mental functions and emotional
feelings regarding Al technologies conflict with epistemic considerations and call into question the
accuracy of the information produced by the technology. Indeed, the majority of studies concentrate on
knowledge and skills (Li & Ironsi, 2024). It would be beneficial to investigate which other variables are
examined in the use of Al in the field of SE in order to provide guidance for future studies in this area
and highlight potential gaps in the existing literature (Almasri, 2024). It is therefore important to
determine the purposes of using Al in SE, the most examined variables, the authors and journals with
high impact value, and other trends on this issue in the studies to be conducted. Furthermore, it is
essential to investigate the potential effects of using Al in the field of SE in order to gain insight into the
current status of Al in SE. Furthermore, the existing literature on the integration of Al in SE can provide
insights into the effectiveness of this integration, which can in turn inform curriculum planning and
teaching processes in science education (Riera-Negre et al., 2024). Consequently, this research can serve
as a pioneering investigation into the present state of Al in SE, offering insights to inform the work of
researchers, practitioners, and policymakers by identifying emerging trends. A bibliometric analysis on
Al in SE is of particular importance given the rapid development of both fields. A comprehensive and
systematic review of the extant literature is a crucial undertaking, as the growing deployment of Al in
SE has the potential to usher in transformative shifts in the landscape of science pedagogy (Akhmadieva
et al, 2023). The present study employs bibliometric methods to identify areas of prospective
development and innovation, ascertain pivotal research trends, and furnish objective, data-driven
insights into the current state of integration of Al in SE. In conclusion, given the rapidly increasing
volume of publications in the field of SE, bibliometric analysis studies on Al in SE can be stated as an
indispensable method to organize this accumulation, to obtain meaningful results, and to identify the
most important studies that can guide educational practices and policy-making processes. Furthermore,
as Heeg and Avraamidou (2023) have noted, such studies in the literature provide guidance for readers
and researchers alike, illuminating potential avenues for future inquiry and underscoring the value of
continued investigation in this domain. To illustrate the significance of this endeavor, it is essential to
reference the review studies that delineate the evolving trends in research on Al in the field of SE.

When reviewing the existing literature on Al implementation in SE, Cheung et al. (2024) focused on
investigating studies utilizing Al, particularly their treatment of epistemological insight. They noted a
general need for more reference to this concept within the studies surveyed. Meanwhile, Jia et al. (2023)
conducted a study delving into Al within SE, explicitly concentrating on experimental studies from 2013
to 2023. Their inquiry primarily centered on primary and secondary education levels, scrutinizing only
those studies with full texts available. Their findings revealed a prevailing superficial integration of Al
into SE, particularly noticeable at these educational tiers. The superficial integration of artificial
intelligence (AI) has also permeated the domain of educational assessment, where its full potential
remains largely untapped. A significant deficiency in the existing literature is the urgent necessity for
the development of a comprehensive curriculum framework that effectively integrates Al into the
processes of science education assessment. By contrast, Tahiru (2021) examined a wide range of
academic subjects, encompassing disciplines such as language education (Liang et al., 2021) and
catering to diverse target audiences, including students in higher education settings (Ouyang et al.,
2022). It is particularly noteworthy that only one systematic review has explicitly focused on the
application of Al within the context of STEM education (Xu & Ouyang, 2022). This paucity of
comprehensive investigation suggests a substantial avenue for further inquiry in this pivotal domain.
Xu and Ouyang (2022) have identified several noteworthy trends in relation to teaching methodologies,
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contextual factors, and the level of educator involvement required to integrate Al within STEM
education. The research conducted by Heeg and Avraamidou (2023) sought to answer three key
questions: which Al application was utilized, which method was favored, and what was the impact of Al
on the outcome. To this end, the researchers analyzed 22 studies. Akhmadieva et al. (2023) conducted
a bibliometric analysis similar to the one presented here, but unlike our study, they limited their
examination to the Scopus database. Moreover, their analysis of studies conducted between 2002 and
2023 diverged from our study in terms of both temporal scope and the specific studies included. The
dissimilarity of the research questions posed by this study and our own study serves to differentiate the
two studies from one another. This study will contribute to the existing body of knowledge in this field
by employing bibliometric analysis. This analytical approach differs from previous studies in terms of
the timeframe, sample selection criteria, methodological approach, and research objectives. The
application of bibliometric analysis enables researchers to gain a comprehensive overview of their
current scholarly position and to identify new avenues for future research. Furthermore, employing
clustering techniques facilitates the identification of emerging publications, notable authors, and
prominent journal groups, thereby offering valuable insights into the current landscape of Al research
within SE. The research aimed to reveal trends in Al in SE by examining studies on Al in SE using
bibliometric analysis. By examining the systematic literature review studies in the literature, it can be
seen that the research in question differs from the above mentioned studies in terms of article inclusion
criteria, time period of the studies examined, sample size, analysis technique, and specific research
questions. Therefore, it can be said that the study will contribute to the literature in accordance with
these characteristics. In conclusion, the present study is distinct from existing literature in this field,
offering novel insights and contributions to the existing body of knowledge. This research aims to
determine the research trends regarding the use of Al in SE by revealing the current situation in the
literature and guiding researchers in their studies. The research questions of the study carried out for
these purposes are as follows:

1. Whatis the yearly trend in Al publications within this area?

2. Whatis the ranking of the leading institutions and countries in research in this field?

3. What are the most frequently addressed topics concerning sustainable development goals?
4. What are the most preferred keywords in this field?

5. What are the terms used extensively in article summaries on Al?

6. Who are the leading authors in this field in the use of Al based on citation and co-citation
analysis?

7. Which journals are the most frequently cited for articles on Al in SE, as determined by citation
and co-citation analyses?

2. Method

The research was conducted to examine the trends of the studies conducted in Web of Science (WoS)
for the use of Al in science education by systematic literature review. The research examined 80 articles
on Al in SE in WoS with bibliometric analysis. The bibliometric technique involves applying quantitative
techniques on research data such as citations publications and, authors (Broadus, 1987, Pritchard,
1969). Clustering techniques are effective in identifying trending relevant journals, publications and
authors thus guiding researchers about the current status of the literature (Van Eck & Waltman, 2017).
Bibliometric analysis is essential for determining trends in the literature on a particular research topic
(Donthu et al., 2021; Falagas et al., 2006; Moral-Mufioz, et al., 2020; szey & Arici, 2024; Song et al,,
2019). Bibliometric analysis is a technique that reveals the output of a specific research topic in a certain
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period with quantitative data (Chen et al., 2019). For this reason, this method was used to obtain
numerical data on research trends in examining studies on Al in SE. The search included studies from
the date of the first publication of the article on Al in SE to the date of this research (Last access date: 23
April 2024).

2.1. Article selection process

The articles to be examined in the study were analyzed using diagrams that explained the inclusion and
exclusion of articles, as is common practice in review studies. The studies were identified using the
PRISMA flow diagram (Moher et al,, 2012), which is used as a publication for systematic reviews and
meta-analyses. Additionally, the diagram utilized by Arici et al. (2019) was employed to identify the
studies to be examined. Figure 1, which illustrates the review process and the stages of determining the
included and excluded studies, is presented below.

Figure 1

Stages of Determining the Articles Included in the Research

T:J&:La;?;ili?,gfgrma;sﬁhﬁ H The k;vwor:”s use: were “artificial
y intelligence” in the topic section
EXPANDED, A&HCI, CPCI-S, CPCI- fmeng ) !

! S and “science learning” or" science
5::&:;5:;;‘:;1:?; ‘;I;tseszs::;s teaching" or "science education"in
other important indexed journals atg:at: c':fi ssﬁ:: fmgtsl::

easily (Akcayir & Akcayir, 2018). .

2.2. Validity and reliability
2.2.1.The reliability of the data set

The data set utilized in the analysis was procured from a reliable and widely accepted academic
database, such as WoS or Scopus. As such databases furnish data from reputable, peer-reviewed sources,
the reliability of our dataset is considerable (Eker et al., 2019; Smith et al.,, 2015).

2.2.2.Validity of the data collection process

The keywords and search strategies were meticulously devised, and terms that are commonly utilized
in literature reviews on the subject were selected. This process ensured the selection of articles that
were pertinent to the research question of the study (Mukherjee et al,, 2022).

2.2.3. Consistency of analysis methods

The methods most commonly employed in bibliometric analysis, including citation analysis and
collaboration network analysis, were applied in accordance with established procedures. These
methods represent established analytical techniques that have been validated in previous studies and
are widely accepted in the literature (Van Eck & Waltman, 2010).
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2.2.4. The reliability of the Results

To guarantee the reliability of the results, the findings were cross-checked with different analytical
methods. For example, citation network analysis and word frequency analysis served to validate the
findings in different dimensions (Zupic & Cater, 2015).

The aforementioned measures ensure that the study adheres to the requisite standards of validity and
reliability. Furthermore, to enhance the representativeness of the data, a comprehensive time span was
selected, spanning from the date of publication of the inaugural article to the date of the study's
implementation (April 23, 2024). This comprehensive approach enhances the contribution of our study
to the existing literature.

3. Findings

3.1. Publication countries/regions

Research data obtained from WoS and showing which countries the researchers examined belong to
revealed that among these countries, the USA is the country with the most publications, 38%. Table 1

shows the publication regions of other studies examined within the scope of the study, which is
presented below.

Table 1

Frequencies of Articles by Country

Frequencies o
Ranking Countries qa f

Articles
1 USA 31
2 Spain 7
3 Germany 6
4 China 5
5 Tirkiye 4
6 Australia 3
7 Brazil 3
8 [taly 3
9 Sweden 3
10 Canada 2

The results obtained in the analysis carried out to determine the widespread use of Al-related research
in the field of SE among countries are presented in Figure 2.
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Figure 2

Examination of Articles on Al by Country in the Field of SE
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3.2. Publication years

When WOS data is examined, it is seen that the first study on the use of Al in the field of Al was published
in 1985. It has been understood that the number of publications is increasing, and the year in which the
most publications were made is 2023. The chart showing the publication range of the studies is
presented in Figure 3.

Figure 3

Density of Studies According to the Years They Were Published
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3.3. Institutions where research is conducted

The results obtained from the analyzes carried out to determine the prevalence of Al-related research
conducted in the field of Al among institutions, institutes and universities are as shown in Figure 4.

Figure 4

Institutions that Publish the Most Articles on Al in the Field of SE

6 3 2 2
UNIVERSITY SYSTEM OF GEORGIA CURTIN UNIVERSITY STATE UNIVERSITATD [PUNIVERSITY OF
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3

STATE UNIVERSITY OF NEW YORK SUNY

STONY BROOK 1
ABILENE CHRISTIAN
UNIVERSITY

1
CALIFORNIA
POLYTECHNIC STATE

4

3
AL E Y STATE UNIVERSITY OF NEW YORK SUNY UNIVERSITY SAN
SYSTEM

1 1
1 ALMETYEVSK STATE | CALIFORNIA STATE
AALBORG UNIVERSITY OIL INST UNIVERSITY SYSTEM

As illustrated in Figure 4, the University System of Georgia (F=6), the University of Georgia (F=5),
Stanford University (F=4), and Curtin University (F=3) are the four institutions with the highest scores.

3.4. Sustainable development goals

Figure 5 illustrates the distribution of research on utilizing Al in SE across Sustainable development
goals.
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Figure 5

The Sustainable Development Goals are Discussed in Articles on Al in SE,
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According to Figure 5, it is seen that Quality Education (F=47), Good Health and well-being (F=3),
Responsible Consumption and Production (F=2), and No Poverty (f=1).

3.5. Frequently preferred keywords in articles on the use of Al technology in SE

The terms author keywords and co-occurrence were chosen to determine the most recurring keywords
in studies on the use of Al in the field of SE. Number 3 was chosen as the frequency of repetition of the
keyword, and it was seen that ten keywords matched it. Figure 5 below shows keywords and the
relationships between them.

Figure 6

Common Keywords in Al-related Articles in SE
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Based on Figure 6, the analysis delineated two distinct clusters, wherein the term "artificial intelligence"
emerged as the most prevalent (f=27). Additionally, the examination underscores that keywords such
as "SE" (f=18), "computer science education" (f=11), "machine learning” (f=9), "Chatgpt" (f=7), and
"educational technology” (f=3) are among the most frequently employed terms in articles pertaining to
Al within SE. These findings suggest a predominant focus on science education, computer science
education, and machine learning within the articles. A selection of the most commonly occurring
keywords identified in the analysis is shown in Table 2.

Table 2

Frequencies of Commonly Occurring Keywords in Al Related Articles in SE

Ranking Keyword f Overall Connection Capacity
1 Artificial Intelligence 27 20
2 Science Education 18 15
3 Computer Science Education 11 12
4 Machine Learning 9 15
5 ChatGPT 7 8
6 Educational Technology 3 3
7 Large Language Model 3 8
8 Learning Progression 3 2

In the analysis carried out to examine the change in the frequency of preference of keywords over time
in studies using Al in the area of SE, it was seen that ChatGpt and the Large Language Model have been
intensively studied recently. Figure 7 illustrates the progression in the number of articles published on
these topics over time. This distribution provides insight into the growing scientific interest in these
areas, particularly in the context of Al in SE.

Figure 7
Status of the Keywords Used in the Articles Over the Years
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al

science @Jcation
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3.6. Repetitive words in research abstracts

In order to determine the frequently repeated words in the abstracts of the studies and thus the
variables subject to the studies, the data set was run in the analysis programme. The programme
investigated the abstracts of the studies by means of the binary counting method and generated the
results. The minimum occurrence threshold for each term was set at 10 and 20 terms were
automatically selected for inclusion. Figure 8 below shows the distribution of this data.

Figure 8

Trends in Frequently Used Words in Research Abstracts
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Three clusters of twenty items are shown in Figure 8. In addition, Table 3 provides overviews of
commonly repeated words in the abstracts of the articles.

Table 3

Frequencies of Certain Words in the Study Summaries

Ranking Words in Abstract f

1 Education 52
2 Study 41
3 Artificial Intelligence 40
4 Learning 29
5 Paper 24
6 Knowledge 23
7 Use 23
8 Approach 23
9 Analysis 21
10 Field 20
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In Table 3, "education" is the most frequently utilized word in abstracts (f=52), suggesting that it is the
dominant concept in articles related to Al in SE. Additionally, the data indicates that "study," "artificial
intelligence," "learning," "paper,” and "knowledge" are among the most prevalent keywords, with
frequencies of f=41, =40, =29, f=24, and =23, respectively (see Table 3).

The distribution of these words over the years shows that the articles focus mainly on evaluation,
approach and, more recently, ChatGPT. Figure 9 shows the distribution by year of the most frequently
used words in the abstracts of the articles.

Figure 9

Distribution of Most Used Words in Abstracts of Researches by Years
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3.7. The most cited authors

Data were analyzed to identify the most cited authors in studies on the use of Al in the field of SE. In
order to be included in the review, it is preferred that an author have at least two articles and at least
two citations. 8 writers who met this condition were selected by the program. The resulting graph is
shown in Figure 10 below.
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Figure 10

Authors With the Largest Number of Citations
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Figure 10 depicts two clusters and five links. Moreover, a summary of the authors included in the
citation analysis is provided in Table 4 below.

Table 4

Summarised Results of the Most Frequently Cited Authors

Ranking Authors Documents Citations
1 Cooper, Grant 3 106

2 Chin, Doris B 2 72

3 Dohmen, Isla M 2 72

4 Schwartz, Daniel L 2 72

5 Zhai, Xiaoming 4 71

6 Nehm, Ross H 3 32

7 Haudek, Kevin C 2 5

8 Kaldaras, Leonora 2 5

Table 4 shows the number of citations for authors within the field, with Cooper Grant (106 citations),
Chin Doris B (72citations), Dohmen, Isla M (72citations) and Schwartz, Daniel L (72citations) as the
most cited authors.

A co-citation analysis was conducted utilizing the cited author method, with the minimum number of
citations attributable to an author set at six. Twenty-three authors were identified as eligible for
inclusion based on the specified criteria. This selection process is illustrated in Figure 11, which depicts
the resulting graph of the analysis.
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Figure 11

Common Citation Frequency of Top Authors
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In Figure 11 there are five clusters and forty items with a total of 592 links. Table 6 below also provides
summaries of the authors for the co-citation study.

Table 5

Summary of Top Citations (Co-Citation Analysis)

Ranking Authors Citations
1 Zhai X M 45
2 Nehm, RH 15
3 Blingsley, B 11
4 Lee,HS 12
5 National Research Council 10
6 Liu, OL 9
7 Gobert, |D 8
8 Cooper, G 8
9 Pellegrino, JW 7
10 Beltorini, R 7

As shown in Table 5, Zhai (45 citations), Nehm (15 citations), Billingsley (11 citations) and Lee (f=12)
are the most frequently citing authors in the area.

3.8. Frequently cited journals

To create a visualization illustrating the highly referenced journals, a citation analysis was performed,
emphasizing the origins of the publications. The minimum requirement for the count of documents
associated with a source was set at 2, while the minimum threshold for citation count was established
at 2. The system automatically determined the inclusion of 9 sources. The resultant visualization is
depicted in Figure 12.
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Figure 12

Citation Analysis of the Journals
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Figure 12 illustrates the presence of three clusters and nine entries across seventeen links. Moreover,
Table 6 below presents a summary of the most frequently cited journals, as determined by a citation
analysis.

Table 6

A Summarization of the Most Frequently Cited Journals

Ranking Journals Documents Citations
1 Journal of Science Education and Technology 6 155

2 Educational Technology & Society 2 80

3 IEEE Transactions on Learning Technologies 6 54

4 Education and Information Technologies 4 51

5 Journal of Research in Science Teaching 4 33

6 Computer Science Education 2 20

7 Frontiers in Education 9 12

8 Science & Education 5 9

9 Asia-Pacific Science Education 2 5

Table 6 illustrates the journals with the greatest number of citations. These include the Journal of
Science Education and Technology (155 citations, 6 documents), Educational Technology & Society (80
citations, 2 documents), IEEE Transactions on Learning Technologies (54 citations, 6 documents), and
Education and Information Technologies (51 citations, 4 documents).

In order to conduct the aforementioned co-citation analysis, a visual representation of the sources most
commonly referenced in conjunction with one another was produced using the cited sources method.
This involved the identification of the sources that were most frequently cited in conjunction with
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others. A minimum citation threshold of 15 was established, resulting in the automatic selection of 24
sources for inclusion. The resulting visualization is depicted in Figure 13.

Figure 13

Summary of Highly Referenced Journals
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Figure 13 illustrates the presence of two clusters and a total of twenty-two items at six thousand one
hundred fifty-two links. Furthermore, Table 8 presents a summary of the journals that have been cited
most frequently (co-citation analysis).

Table 7

Summary of Highly Referenced Journals

Rating Rank Journals Citations
1 Journal of Research in Science Teaching 108
2 Journal of Science Education and Technology 97
3 Science & Education 50
4 Education and Information Technologies 36
5 Computers & Education 35
6 Arxiv 34
7 International Journal of Science Education 33
8 International Journal of Artificial Intelligence in Education 30
9 Science 25
10 Computers in Human Behavior 25
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As demonstrated by Table 7, the four most frequently cited journals in the field are Journal of Research
in Science Teaching (f=108), Journal of Science Education and Technology (f=97), Science & Education
(f=50), and Education and Information Technologies (f=36).

4. Conclusion, Discussion and Recommendations

To ascertain the utilization of Al in SE, a bibliometric research methodology was employed. This entailed
the implementation of a bibliometric mapping analysis, the findings of which revealed valuable insights.
The research yielded several important insights regarding the use of Al in the field of social engineering.
The results of the research indicate that approximately 38% of the relevant studies were conducted in
the USA. The United States of America was followed by Spain, Germany, China, and Tiirkiye. The
frequency of Al-related publications in these countries can be attributed to their endorsement of policies
that facilitate the integration of technology in educational settings. The implementation of various
policies to popularize the use of technology in these countries provides an explanation for this situation
(Esiyok & Demircioglu, 2022). Similarly, Akhmadieva et al. (2023) analyzed studies in the Scopus
database from 2002 to 2023 in the field of science education and revealed a ranking of the top three
countries as the USA, the United Kingdom, and China. It was observed that Spain and the United Kingdom
were assigned disparate rankings in the two studies. This discrepancy can be attributed to the utilization
of disparate databases and varying timeframes. In the study conducted by Almasri (2024), the United
States was ranked second, while Germany and Tiirkiye were ranked third and fourth, respectively. The
following ranking is based on the time period between 2014 and 2023. The present study encompasses
the entire time period under consideration. The results demonstrate that Tiirkiye and Germany have
recently allocated greater resources to the development of Al, whereas the United States has maintained
a consistent trajectory of advancement in this field. The results of the research indicate that the number
of Al-related articles published annually has been increasing continuously since 1985, when the
inaugural study was published. The year 2023 saw the greatest number of publications. The slope of the
graph shows that this increase will continue. It can be predicted that the use of Al in SE will increase,
especially with the emergence of new Al tools and their widespread use (Oh and Lee, 2024). Heeg and
Avraamidou (2023) observed that the frequency of publications increased in conjunction with the
advent of diverse Al applications that facilitated the advancement of research findings. Another result
obtained from the research showed that the leading institutions that distribute research on the use of
Al in SE on an institute and school basis are the University System of Georgia, University of Georgia,
Stanford University, and Curtin University. It can be said that these universities are trending towards
this field by foreseeing the future contributions of Al. As a matter of fact, since the limits of Al cannot be
predicted, its contributions cannot be estimated in terms of reaching a conclusion about the extent to
which it will be reached. It is an undeniable situation that especially higher education institutions tend
to act quickly in terms of focusing on this technology in order to be among the leading institutions in
this field (Cheung et al., 2024). In their 2023 study, Ng and colleagues elucidated this phenomenon by
highlighting the more advantageous resources and infrastructure available at higher education
institutions. The authors asserted that the absence of Al applications in alignment with those of other
educational institutions, coupled with their limited access to Al or certain of its facilities, has positioned
higher education institutions as the vanguard in this domain among all levels of education. It is therefore
anticipated that in the future, more suitable and cost-effective types of Al technology will contribute to
an increase in the use of this technology in SE at different levels of education (Heeg & Avraamidou, 2023;
Ng et al,, 2023).Another result obtained from the research stated that in the issues related to sustainable
development goals, emphasis was placed on Quality Education, Good Health and Well Being,
Responsible Consumption and Production, and No Poverty. This result has shown that Al has gained a
visible level of importance compared to other fields, and that studies focusing on improving the quality
of education are more intense. This situation is valuable in showing the need for quality education. The
quality of education is one of the most important concepts that positively affects many variables (Al
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Husaeni et al,, 2024). Akhmadieva et al. (2023) asserted that this situation differs significantly between
eastern and western countries. They further observed that the majority of western countries prioritize
methodology in studies on Al, whereas eastern countries tend to prioritize educational applications.
Moreover, Almasri (2024) asserted that studies tend to prioritize the examination of knowledge and
skills. This situation demonstrates that articles on Al place particular emphasis on the cognitive abilities
of students, with the objective of enhancing the quality of SE. A further outcome of the research indicated
that the most commonly used keywords in articles about Al in SE were Al, science education, computer
science education, machine learning, and educational technology. Especially the frequent use of machine
learning and ChatGPT among these words can be explained by the fact that ChatGPT takes the lead in Al
applications. The fact that the terms ChatGPT and large language models are used in the distribution of
words according to years indicates that ChatGPT maintains its superiority even though there are many
new tools in the use of Al in education (Cheung et al., 2024; Dunder et al., 2024). A review of the
applications' functional areas reveals that, in particular, Al is employed for the purposes of evaluation
and feedback. As the range of Al applications continues to expand, it is anticipated that the rate of growth
in the utilization of Al in scientific education will also increase (Heeg & Avraamidou, 2023). In addition
to the aforementioned applications, Al tools are currently employed in a multitude of domains, including
the enhancement of productivity, the examination of data, and the customisation of user experiences.
To illustrate, natural language processing (NLP) tools provide efficacious solutions for the analysis of
human language, including text analysis and emotion detection (Russell & Norvig, 2016). In particular,
highly sophisticated NLP models, such as GPT-3, offer significant convenience in the production of text.
Machine learning (ML) is another Al tool that is employed in tasks such as prediction and classification
through the process of learning on large datasets. In this field, popular platforms such as scikit-learn
and TensorFlow are particularly noteworthy (Brownlee, 2016). The application of machine learning
(ML) contributes to the process of decision-making by enhancing the accuracy of predictions in data-
intensive sectors such as marketing and healthcare (Chollet, 2021).

Computer vision technologies also facilitate the analysis of visual data and are employed extensively in
domains such as object recognition, face recognition and image classification (Kelleher & Tierney, 2018).
In particular, within the domain of security, these technologies facilitate the automated analysis of
images captured by security cameras. In contrast, voice recognition tools permit users to control devices
via voice commands, with applications in numerous aspects of daily life, including the use of Siri or
Google Assistant (Goodfellow et al, 2016). Finally, Robotic Process Automation (RPA) represents a
significant time-saving measure, particularly within the business sector, through the automation of
repetitive processes. These tools, which relieve the burden on the workforce, particularly in areas such
as accounting and customer service, are rapidly becoming ubiquitous in business, with platforms such
as UiPath and Automation Anywhere (Russell & Norvig, 2016). Upon examination of the most frequently
occurring words in the abstracts of the articles, it becomes evident that the primary themes are
education, study, Al, learning, paper, and knowledge. This situation has revealed that studies on Al in SE
are mostly about knowledge and learning. It is understood that studies expressing high-level thinking
skills have not been concentrated yet. In the distribution of these words according to years, the terms
evaluation, approach and importance are used more in recent studies. This situation has especially
shown that Al is used as an evaluation approach in studies conducted in SE (Haudek & Zhai, 2023).
Furthermore, it is evident that the ethical principles pertaining to the utilization of Al are not addressed
in the aforementioned studies. This can be attributed to the fact that these studies are still in their
nascent stages (Dominguez Hernandez & Owen, 2024). Finally, the most recent developments in Al
demonstrate that its capabilities are not fully predictable, necessitating the use of limitations and ethical
principles in its application. Regarding citations and co-citation analysis, the leading researchers in this
field are Cooper, Chin, Dohmen, Zhai, Nehm, Blingsley. These results show that researchers are shifting
their fields of study towards Al In addition, it was determined that the most cited journals included
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Journal of Science Education and Technology, Educational Technology & Society, IEEE Transactions on
Learning Technologies, Science & Education and Education and Information Technologies. It is
understood that these journals, which have an important place in SE, give priority to the subject of Al.
These results obtained from the research have shown that it provides important and valuable
information in terms of revealing research trends in the use of Al in SE, leading journals and researchers,
and countries and institutions that prioritize Al.

It should be noted that the research is not without limitations. First and foremost, the search terms and
strategies employed in the research can be regarded as a potential limitation in the process of identifying
the included articles. Despite the use of rigorous and comprehensive search terms, it is possible that
additional studies may have been included had alternative terms been employed. Moreover, the
research was conducted using only the WoS database, which may have resulted in a more limited sample
of literature. An examination of different databases might have yielded a different study sample.
However, in the process of selecting the sample, particular attention was paid to the inclusion of
important indexes and high-quality publications. Consequently, studies included in other indexes were
excluded. The inclusion of studies in different indexes may result in a variety of changes to the results.
Nevertheless, the validity, reliability, and academic reputation of the sources were rigorously evaluated
at each stage of the process. In conclusion, the selected studies were identified through WoS searches at
the time the research was conducted. Consequently, studies published subsequent to this date were not
included in this research. Therefore, the results obtained are meaningful in line with this information.
The findings of the research allow for the formulation of the following recommendations for researchers
and future research:

% Given the dispersion of research efforts across various regions and the variances among
countries, it's evident that the United States has spearheaded the bulk of Al-related research.
Efforts can be channeled into emphasizing Al within educational programs in other nations.

¢ Collaborative international studies can be initiated by partnering with institutions boasting
significant publication outputs or by reaching out to researchers affiliated with these
institutions.

% Scholars’ ought to scrutinize the contributions of prominent researchers and contemplate
submitting their work to reputable journals or seeking publication opportunities therein.

+ Studies on the use of Al in SE focus more on information and evaluation, and studies on
different skills and subjects can be emphasized.

¢ Itis imperative that educators and those aspiring to become educators are made aware of the
latest developments in the field of Al. Furthermore, they should be provided with training on
the use of different Al tools, and the ethical principles that should be adhered to when using
them.

+* A more comprehensive understanding can be achieved by examining studies across a range of

indexes.

The study revealed a notable increase in the frequency of publications originating from Tiirkiye

in recent times. A review of Turkiye-based studies allows for the examination of trends and

comparison with international literature.

X3

%
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