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Abstract

This study aims to examine the academic development of artificial intelligence (Al) technologies
in the field of physical education and sports sciences. A total of 953 scientific publications
indexed in the Web of Science (WoS) database were analyzed using bibliometric methods.
Using the Bibliometrix R package and VOSviewer software, dimensions such as annual
publication trends, citation counts, keyword evolution, thematic progression and international
collaboration networks were examined. Findings indicate that the first research on this topic
emerged in 1992. In recent years, there has been a significant increase in the use of concepts
such as artificial intelligence, machine learning, virtual reality, augmented reality and the
metaverse. The annual growth rate of publications was calculated at 16.13%, reflecting rising
academic interest in the field. Common keywords included physical activity, health,
performance, technology, with growing attention toward demographic groups such as children
and adolescents. Al-supported systems offer a broad range of applications, from performance
analysis to motor skill training. The increased use of digital education tools following COVID-19
has accelerated the integration of Al into physical education. This study highlights the
deepening impact of Al on both educational and health aspects of sports sciences and provides
a foundation for future interdisciplinary research

Keywords Physical Education, Sports, Artificial intelligence.

oz

Bu calisma, yapay zeka (YZ) teknolojilerinin beden egitimi ve spor bilimleri alanindaki akademik
gelisimini incelemeyi amaglamaktadir. Web of Science (WoS) veri tabaninda indekslenen toplam
953 bilimsel yayin, bibliyometrik analiz ydntemleriyle dederlendirilmistir. Bibliometrix R paketi ve
VOSviewer yazilimi kullanilarak yillik yayin egilimleri, atif sayilari, anahtar kelime evrimi, tematik
gelisim sUregleri ve uluslararasi is birligi aglar gibi gesitli boyutlar ayrintili bi¢cimde analiz
edilmistir. Bulgular, konuyla ilgiliilk arastirmanin 1992 yilinda yayimlandigini géstermektedir. Son
yillarda yapay zeka, makine 6égrenmesi, sanal gerceklik, artinlmis gerceklik ve metaverse gibi
kavramlarin kullaniminda énemli bir artis yasandigr gézlemlenmistir. Yillik yayin artis oraninin
%16,13 olarak hesaplanmasi, alana ydnelik akademik ilginin giderek arttigini ortaya koymaktadir.
Fiziksel aktivite, saglik, performans ve teknoloji en sik karsilasilan anahtar kelimeler arasinda yer
almakta; cocuklar ve ergenler gibi demografik gruplara yonelik calismalara ise artan bir ilgi
oldugu gorilmektedir. YZ destekli sistemler, performans analizinden motor beceri egitimine
kadar genis bir uygulama yelpazesi sunmaktadir. COVID-19 sonrasinda dijital egitim araclarinin
kullanimindaki artis, beden egitimi alaninda YZ entegrasyonunu hizlandirmistir. Bu calisma,
YZ'nin spor bilimlerinde hem egitimsel hem de saglik temelli etkilerinin derinlestigini ortaya
koymakta ve gelecekteki disiplinlerarasi aragtirmalar iin saglam bir zemin sunmaktadir.

Anahtar Kelimeler Beden Egitimi, Spor, Yapay Zeka.
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Introduction

Sport is a physical, mental and emotional activity focused on maintaining and improving
human health (Akdag and Tiirkmen, 2023; Ulusoy et al., 2019). In this context, according
to Ozel and Tiirkmen (2023), sport emerges as an important socio-cultural
phenomenon, taking on various functions such as health, entertainment, happiness,
profit and pleasure and shaping based on the principles of performance and social values.
In today’s world, sport plays a significant role in the progress of nations (Aydin and
Kurudirek, 2025). Particularly, with the development of technology, significant
transformations are occurring in the field of sports (Cakir et al., 2023; Uluca et al., 2024;
Calkar & Catikkas, 2025). While technological advancements make life easier by reducing
the intensity of daily activities, they also increase the number of sedentary individuals in
the long run, which negatively impacts physical health. Especially, as modern society
increasingly engages in virtual shopping and limits its daily movements, a sedentary
lifestyle is being promoted, necessitating the development of new strategies in the fields
of physical education and sport (Kul and Aydemir, 2024; Bozkus et al., 2023; Coskuntiirk
et al,, 2023). In this context, artificial intelligence (AI) technologies provide solutions
against sedentary lifestyles, leading to significant changes in the health and sports fields
and making physical activities more efficient, thus enabling sport to reach broader
audiences (Yilmaz, 2023; Giizel & Yaman, 2025). In this context, Artificial Intelligence
(AI) has become a technology that leads to significant changes and developments in
various fields such as health, finance, education, entertainment, physical education and
sports (). Al aims to design machines capable of performing human-like cognitive
functions and these systems have the ability to simulate human thought processes,
language use and problem-solving abilities with high accuracy (Alam et al., 2023).
Thanks to these characteristics, Al can personalize learning processes in education,
enhance student participation and provide individualized feedback based on specific
needs (Esmer and Yuksel, 2024; Tirkmen, 2023; Roll and Wylie, 2016). These
developments also highlight the potential of Al technologies integrated into the field of
physical education and sport. It is essential for individuals in the field of physical
education, just like those involved in professional education, to possess certain
competencies, as the modern world, shaped significantly by these technologies, demands
such skills (Bekar and Tiirkmen, 2023).

Physical education and sports have significant impacts on individuals' physical
health and performance and recent academic studies in this field have shown an
increasing focus on the integration of artificial intelligence (AI) and technology (Aydin
and Aydin, 2024a). Al-supported systems personalize athletes' training processes while
also enabling in-depth analyses in critical areas such as performance analysis, pre- and
post-injury recovery processes (Esmer, 2025; Aydin and Aydin, 2024b). Just as in
education, Al is making learning processes, training and performance in sports more
personalized, thus increasing efficiency. Almusawi et al. (2021) noted that with the help
of technology, individual feedback and guidance can be provided to students, allowing
teachers to better understand the individual learning situations of their students. This
creates new opportunities in physical education, especially with applications like Al-
based motor skill learning systems, which enhance the potential in this field (Oriicii and
Selek, 2020; Wang, 2021; Yu and Qi, 2018). Al is increasingly used in education, offering
real-time assessments, personalized feedback and guidance to students, while also
providing various opportunities to address individual learning difficulties (Lin et al.,
2023; Deeva et al.,, 2021; Lee and Lee, 2021). The adaptation of this approach to the field
of physical education typically occurs through systems based on the analysis of skeletal
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structure, utilizing technologies like OpenPose for skeleton detection (Hsia et al., 2025;
Lin et al., 2023; Su and Feng, 2022; Jain et al., 2021). In recent years, there has been an
increase in academic studies regarding the integration of Al in physical education and
sports (Uluca et al., 2024; Cakur et al., 2024; Cakur et al., 2023). These studies focus on
the development of Al-based systems in areas such as sports analytics, personalized
training programs and real-time performance tracking (Zhao et al., 2025; Ghosh et al.,
2023; Aydin and Aydin, 2024c). Machine learning algorithms, computer vision and
wearable technologies are just a few examples of Al-supported tools that are
revolutionizing athletes' training, competition and recovery processes. These
innovations not only enhance athletic performance but also promise to make physical
education programs more individualized and adaptable, thus increasing their
effectiveness (Chidambaram et al., 2022; Jiang, 2024).

In order to utilize AI more effectively in physical education and sports sciences, it is
important to understand the developments in this field and evaluate the trends in the
literature. In this context, the aim of this study is to examine scientific publications on
artificial intelligence (AI) and physical education/sports sciences through bibliometric
analysis, revealing the publication trends, keywords, thematic developments,
geographical distributions and collaborations in this field. The study aims to provide
significant findings regarding the integration of Al into physical education and sports
sciences. In this context, the main research questions that the study seeks to answer are
as follows:

e  How has the development of Al in physical education and sports sciences
progressed over time, as indicated by temporal production and citation
analysis?

e What thematic relationships and evolutions are observed between the key
concepts of AI and physical education/sports through word and
conceptual analysis?

e What are the levels of collaboration and geographical distributions
regarding the integration of Al in physical education and sports sciences?

e How have Al-supported teaching and application approaches in physical

education and sports literature changed over time?

Through these questions, the research aims to analyze the dynamics of
developments in the literature and to develop a deeper understanding of scientific
trends, collaboration networks and conceptual themes in this field. This study is of great
importance for better understanding the potential of Al in physical education and sports
sciences and for providing direction for future research.

Materyal and Method

Research Model

This research aims to analyze the integration of artificial intelligence (AI) into the field
of physical education and sports sciences through bibliometric methods. Bibliometric
analysis and bibliometric mapping are research methods that use statistical tools and
mathematical techniques to quantitatively assess scientific publications. This process
involves the systematic analysis and evaluation of publications based on specific
parameters such as publication year, keywords, countries and other variables (Ozkan et
al,, 2025). In this study, the analysis of scientific publication trends has been conducted
in temporal, thematic and geographical dimensions.
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The universe of the research consists of all academic studies on the themes of physical

education and artificial intelligence published between 1992-2025 in the Web of Science

(WoS) database. The sample consists of the following keywords in the “Topic Search
(TS)” field of WoS. (Ts=(physical education OR physical education and sport*)) AND
Ts=(AI OR artificial intelligence*). As a result of this search, a total of 953 academic

studies were reached. Figure 1 shows the advanced search screenshot of WoS.

953 results from Web of Science Core Collection for:

a

(Ts=(PHYSICAL EDUCATION OR physit ion and sport*]) AND Ts=(Al OR artificialintellig ) @ Copy query link

&)

Q More opticns v Search Help

Query Preview

Ts=(PHYSICAL EDUCATION OR physical education and sport)) AND Ts=(Al OR artificial intelligence')

4

Figure 1: WoS Advanced Scanning Screenshot.

Data Collection Tools

As in the study of Yilmaz (2024), two different software tools were used in the analysis

of the data: the Bibliometrix R package and VOSviewer.

Data Analysis

Within the scope of bibliometric analysis, various evaluations have been made through

the following graphs, tables and maps across different dimensions:

Temporal production and citation analyses:

Main information

Annual scientific production

Average citations per year

Frequency of abstracts over time
Frequency of titles over time

Frequency of author’s keywords over time

Frequency of keywords plus over time

‘Word and conceptual analyses:

Common words

Keywords plus word cloud
Author keywords word cloud
Mds analysis of keywords plus
Mds analysis of author keywords
Mds analysis of titles

Mds analysis of abstracts
Thematic evolution of abstracts

Thematic evolution of keywords
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Collaboration and geographical distribution:
e Countries of co-authors
e Production of countries over time

e Countries collaboration world map
Findings
In this section, the findings obtained within the scope of the study are presented.

Findings Regarding Key Information

The trend of increasing publications on the theme of artificial intelligence and sports has
shown a noticeable rise since the early 2000s. Particularly after 2018, a significant
momentum in the volume of publications has been observed. This trend is presented in
detail in Figure 2, which shows the distribution of the number of publications over the
years

Timespan Sources Documents Annual Growth Rate

1992:2025 636 983 16.13%

Authors Authors of single-authored docs [l International Co-Authorship Go-Authors per Doc

3700 140 23.08 % 413

Author's Keywords (DE) References Document Average Age Average citations per doc

3020 43122 3.45 12.88

Figure 2: Main Information.

In Figure 2, the bibliometric analysis study on the integration of artificial
intelligence in the field of physical education and sports examines publications between
1992 and 2025. The first study on the integration of artificial intelligence in the field of
physical education and sports was published in 1992 and a total of 953 documents have
been analyzed from this date until 2025. These documents were obtained from 636
different sources. This indicates that the literature covered in the study is vast and
diverse, drawing from numerous sources. The annual growth rate of the analyzed
documents was calculated to be 16.13%. This rate demonstrates that Al-based studies in
the field of physical education and sports have been published with an increasing
momentum over the years. This rise is noteworthy as it reflects the growing impact of
technological advancements on sports sciences and the shift in academic interest toward
this direction. The average age of the analyzed documents was determined to be 3.45
years. This data suggests that the publications in the field are relatively recent and that
the topic is being addressed with increasing interest today. Each document received an
average of 12.88 citations, which indicates that the studies in the literature have a
significant scientific impact. Additionally, a total of 43,122 references were used across
all documents. This high number of references demonstrates the depth of the literature
studied and the academic foundation of the research. When the contents of the
documents were examined, it was found that the number of Keywords Plus (ID) used
was 1,340 and the number of Author Keywords (DE) was 3,020. This indicates the
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conceptual diversity of the literature and shows that researchers are approaching the
topic from different perspectives. The high density of keywords reveals that the field is
open to interdisciplinary studies and that artificial intelligence and sports sciences are

being integrated in various contexts

Findings Regarding Annual Scientific Production
The distribution of publications by year is presented in Figure 3, which clearly illustrates

the annual scientific production trend and highlights the rapid increase in recent years.

Annual Scientific Production
Articles

284
1858
i

Year

Figure 3: Annual Scientific Production.

As shown in Figure 3, the scientific production related to the integration of artificial
intelligence in the field of physical education and sports between 1992 and 2025 has
exhibited a notable increase over the years. In the early years, particularly in the 1990s
and the early 2000s, the number of publications remained quite limited, with some years,
such as between 1993 and 2001, having no publications at all. In years like 1992, 1996
and 1997, only a few articles were published. However, from the mid-2000s onward, an
increasing trend in the number of publications was observed. By 2016, there was a rapid
rise in the number of publications in the field of artificial intelligence and sports sciences.
Significant growth was recorded in 2021 and 2022, with 96 articles published in 2021 and
130 in 2022. By 2024, the annual number of publications reached 256. This rapid increase
demonstrates that Al-based research in sports sciences is gaining more importance and
that academic interest is shifting toward this area. Additionally, the impact of
technological advancements on sports sciences and the growing influence of scientific

work in this field are clearly evident.

Findings Regarding Average Citations Per Year
Figure 4 presents the findings regarding the annual changes in the average number of

citations per year.
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As shown in Figure 4, an analysis of the annual average citation counts of

publications related to the integration of artificial intelligence and physical education

and sports between 1992 and 2025 reveals noticeable fluctuations over the years. In 1992,

a single article published received an average of 1 citation per year, while in 1996, one
article received 64 citations, significantly increasing the average citation count. In 2000,
two articles were published, each receiving an average of 282 citations, marking a notable
rise. However, between 2002 and 2004, the average citation counts remained around 50
and between 2006 and 2009, articles generally received an average of about 20 citations
per year. After 2016, particularly up to 2020, citation counts saw an increase. In 2020, 44
articles received an average of 9.23 citations per year and in 2021 and 2022, the average
citation counts varied between 14 and 9. By 2024, a total of 256 articles were published,
with an average of 1.58 citations per article and by 2025, citation counts began to
decrease again. These general increases and decreases indicate that scientific
engagement in the field of artificial intelligence and sports has occurred at varying speeds
over time, with a significant rise in attention to the literature in recent years.

Findings Regarding Web of Science Index
Table 1 presents the findings related to the Web of Science Index.

Table 1;: Web of Science Index
Web of Science Index

n
Science Citation Index Expanded (SCI-EXPANDED) 484
Social Sciences Citation Index (SSCI) 228
Emerging Sources Citation Index (ESCI) 213
Conference Proceedings Citation Index — Science (CPCI-S) 141
Conference Proceedings Citation Index — Social Science & Humanities (CPCI-
SSH) 45

Arts & Humanities Citation Index (A&HCI)
Book Citation Index — Science (BKCI-S)
Book Citation Index — Social Sciences & Humanities (BKCI-SSH)

Table 1 reveals that studies on the integration of artificial intelligence in the field of
physical education and sports span a broad academic spectrum. A significant portion of
these studies are indexed in the SCI-EXPANDED, with a total of 484 publications
available through this index. Other major indexes include the SSCI and the ESCI, with
228 and 213 studies indexed, respectively. Additionally, many studies are indexed in
multiple databases. Furthermore, 141 studies are published in the CPCI-S and 45 studies
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are included in the CPCI-SSH. Fewer studies are indexed in other databases: 9 studies in
the A&HCI, 8 in the BKCI-S and 7 in the BBKCI-SSH. These findings clearly show that
research on artificial intelligence and its integration into sports spans a wide range of
scientific, social sciences and other multidisciplinary fields. They also demonstrate that
these studies have been published across various academic sources. Moreover, the fact
that these works appear in multiple indexes indicates the breadth and interdisciplinary

nature of research in this field.

Findings Regarding Common Words
Figure 5 presents the findings related to the common words.

architecture education

ate
}hy calgherapy
higher wcaﬂgﬁ s,
medical educauon- ﬂ)"

&<

student &

fourth iggusgiial revolugion hypaggensi

“mhesigy %
Jlg'q WP adrenal insuffic

@ heaith education

‘edmcatlon démenta,

computer-gsed learning
A vosvicwei I

Figure 5: Common Words.

According to the analysis results presented in Figure 5, the most frequently used
terms in studies on the integration of artificial intelligence in the field of physical
education and sports include artificial intelligence, education, machine learning, physical
education, metaverse, deep learning, virtual reality and augmented reality. This finding
demonstrates that the field is strongly integrated with technology and that the impact of
Al-based systems on educational and teaching processes is steadily increasing.
Additionally, modern AI methods such as machine learning and deep learning are
commonly used in applications within sports sciences and education. Technologies like
virtual reality and augmented reality are expected to play a significant role in sports
education and training processes. Furthermore, the rise of the metaverse concept
indicates the rapid digital transformation of the fields of sports and education, suggesting
that these technologies will occupy an important place in the future of physical education

and sports.

Findings Regarding Word’s Frequency over Time
Figure 6 presents the findings related to the frequency of keywords over time, as

indicated by the keywords plus.

Words' Frequency over Time

Cumulate occurrences

2004

Year
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Figure 6: The Frequency of Keywords Plus over Time.

In the analysis of keywords in studies on the integration of artificial intelligence in
the field of physical education and sports, as shown in Figure 6, it is observed that
research in this field has increasingly focused on topics such as technology and physical
activity, particularly in recent years. Between 1996 and 2025, the most frequently
encountered keywords included physical activity, health, performance and technology.
In 1996, there was only one occurrence of the term physical activity, but by 2025, the
term had been used 1,261 times. The term health appeared 1,050 times, performance
800 times and technology 950 times. These data indicate that the impact of Al
applications on physical activity and performance has increased and the use of
technology in this field has become more prominent. Keywords such as virtual reality
and simulation, which have gained significant attention in recent years, are particularly
noteworthy. After 2020, the usage of these terms rose considerably, with virtual reality
being used 350 times and simulation 400 times. This suggests that AI and technology are
increasingly being combined with experimental and virtual applications in sports science
and more research is being conducted on risk factors in this context. Additionally, the
term risk factors being used 500 times shows that this concept is gaining more
prominence in the literature and that health risks related to sports are becoming a key
focus. An increase in the use of keywords related to demographic groups, such as
children and adolescents, has also been observed. The term children, used 450 times,
reflects the rise in studies examining the impact of Al on young individuals. These
findings indicate that the integration of AI in sports is becoming a more
multidisciplinary field, gaining increasing interest and suggests that future research will
delve deeper into this topic.

Figure 7 presents the findings related to the frequency of keywords over time, as

indicated by the author’s keywords.

Words' Frequency over Time

Cumulate occurrences

1996
1998
2000
2002

004

9 )
8 2
g 5
&

Term

2006
2012
2014
2018
2018
2020
2022

Figure 7: The Frequency of Author’s Keywords over Time.

The analysis of the frequency of author keywords over the years, as shown in Figure
7, reveals that artificial intelligence and related technologies are increasingly finding
their place in fields such as physical education, education and sports sciences. Between
1996 and 2025, there was a significant increase in the frequency of keywords such as
Artificial Intelligence and Education. This increase indicates that academic research in
these areas has been rapidly growing and the integration of technologies in education,

physical activity and sports has become more intense. In particular, the frequency of the
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keyword Artificial Intelligence, which appeared once in 1999, rose to 269 by 2025. On
the other hand, the frequency of the term Machine Learning increased to 56 in 2025,
showing that research in this area has grown. Deep Learning, used 38 times in 2025,
highlights the continued growth of academic interest in this field. The frequency of the
term Physical Education showed a significant increase from 1999 to 2025. This keyword,
which was not used at all in 1999, appeared 48 times in 2025. Similarly, the frequency of
the keyword Education increased from 0 in 1999 to 76 by 2025. This finding suggests
that Al-focused research in education has grown and the impact of these technologies
on educational processes is being increasingly examined. More recent keywords, such as
Metaverse and Internet of Things, have also seen an increase in usage since 2021. By
2025, the term Metaverse appeared 39 times and Internet of Things was used 24 times.
This development signals that these technologies are attracting more attention in
research fields and new technologies are gaining more prominence in academic
literature. These findings demonstrate the increasing frequency of keywords related to
AT and technology and the growing presence of these technologies in disciplines such as
physical education, sports and education. The increase observed after 2016 indicates that
the role of technology in these fields has intensified and research in these areas has
diversified rapidly.

Figure 8 presents the findings related to the frequency of keywords over time, as
indicated by the titles.

Words' Frequency over Time

Cumulats occurrences

=)

1894
o8
1898
2000
2002
200

2006

Figure 8: The Frequency of Titles over Time.

Figure 8 The annual changes in the academic title frequency of concepts such as
Education, Physical Education, Artificial Intelligence, Machine Learning, Metaverse and
Virtual Reality between 1992 and 2025 are presented. This analysis highlights the
popularity of specific concepts over time and their evolution in academic literature. A
clear increase in the frequency of the Education title is observed between 1992 and 2025.
In 1992, the number of titles was zero, but by 2025, it had reached 279. Especially after
the 2020s, the number of education-related titles has significantly increased, which could
be attributed to the COVID-19 pandemic. Similarly, a notable rise is observed in the
Physical Education title. In 1998, the number of titles was just 1, but by 2025, it had
increased to 194. This growth reflects the increasing importance of sports sciences and
physical activities in the academic field. The increase, which began towards the end of
the 2000s, indicates the growing acceptance of physical education and sports in the
scientific community. The Artificial Intelligence title, which was at zero levels in the
1990s, has reached 190 titles by 2025. The increasing amount of research on artificial
intelligence, particularly in the fields of education, health and technology, explains this
rise. Since the 2010s, interest in Al applications has increased, which is reflected in the
rise in the number of related academic titles. The Machine Learning title also shows a

notable increase. This concept, which was not present in the 1990s, reached 190 titles in
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2025. This increase reflects the growing trend of machine learning in the academic
world, especially as big data analytics, artificial intelligence and automated learning
systems have gained significance. The Metaverse title shows an upward trend starting in
2016. In 2016, there were 15 titles, which increased to 125 by 2025. This rise is due to the
growing potential of metaverse technologies in education, social interaction and
business. With the development of digital worlds, academic interest in the metaverse has
significantly increased. The Virtual Reality title has seen a rapid rise since the late 1990s,
reaching 86 titles by 2025. The Internet of Things title has also experienced notable
growth. From just 7 titles in 2016, it reached 86 by 2025. This increase reflects the
growing role of the Internet of Things in education, health and industry. When
evaluating all the findings, the title frequency analysis between 1992 and 2025 shows that
especially the titles Education, Physical Education and Artificial Intelligence have
significantly increased. Technologies such as Artificial Intelligence and Machine
Learning are increasingly being applied in sports sciences. The rise in Physical Education
indicates that sports sciences are becoming more widely studied in academic research.
Furthermore, the application of digital technologies such as Metaverse and Virtual
Reality in education and sports has led to the increase in these titles. In the future, it can
be predicted that the use of technologies in education and sports will continue to rise
and research in these areas will persist.

Figure 9 presents the findings related to the frequency of keywords over time, as
indicated by the abstracts.

Words' Frequency over Time

Cumulate occurrences

1882
1994
1996
1028
zo0n
2002
2004
zo08
2008
2010
2012
2014
2016
z201a
zozo
2022
2024

Figure 9: The Frequency of Abstracts over Time.

Between 1992 and 2025, The Frequency of Abstracts over Time data in Figure 9
shows a significant increase in the frequency of abstracts of various titles in the academic
literature. In particular, while Education had only 2 abstract titles in 1992, this number
increased to 1738 in 2025. This increase shows that the academic literature in the field
of education is rapidly expanding and that digitalization in education and distance
education are becoming increasingly important. The number of physical education
abstracts also increased from 1 in 1992 to 1584 in 2025. It indicates that since the late
1990s, sports sciences, physical education and healthy living have found more space in
the academic field. While Artificial Intelligence started with 1 abstract in 1992, it has
reached 1077 abstracts by 2025. The fact that artificial intelligence has become more of
a research topic in the field of physical education and sports is related to the
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developments in athletes' performance analysis, digital health solutions and educational
technologies. The increase in Machine Learning is also noteworthy, with the number of
abstract titles increasing from 2 in 1992 to 1067 in 2025. This shows that in Sports
science, machine learning and artificial intelligence are increasingly finding a place,
especially in topics such as sports performance evaluation, health monitoring and
personal training plans. Students increased from zero in 1992 to 976 in 2025. Health has
also seen a significant increase, from zero in 1992 to 729 summaries in 2025. The
association of sport sciences with physical education and healthy living has also
contributed to this increase. The increase in the word research is also noteworthy; the
number of abstracts increased from 0 in 1992 to 718 in 2025. This shows that physical
education and sport sciences are being researched with a more interdisciplinary
approach and that technology is driving research in many fields. The number of
technology abstracts also increased from zero in 1992 to 635 in 2025. It shows that with
the impact of digital transformation, technology is increasingly finding a place in physical
education, health and other fields. The word results increased from 0 in 1992 to 541 in
2025. The increase in the word Systems is also noteworthy, from 1 in 1992 to 523 in 2025.
Educational technologies increased from zero in 1992 to 399 in 2025. These data show
that research on the integration of technology in physical education is increasing rapidly,
emphasizing the importance of integrating digital tools into educational processes.
Finally, the Social vocabulary increased from zero in 1992 to 312 in 2025. This increase
shows how digital worlds, the metaverse and social interactions are becoming an
important topic in education and other fields. When all these findings are evaluated, this
significant increase in the frequency of titles in the physical education and sport
literature between 1992 and 2025 shows that digitalization and technology-oriented
research areas are increasingly finding a place and this trend will continue in the future.
In particular, areas such as education and artificial intelligence show a higher increase
compared to other fields and it can be predicted that these topics will increase even more

in the coming years.

Findings Regarding Thematic Evolution
Figure 10 presents the findings on thematic evolution of the abstracts.

Figure 10: Thematic Evolution of The Abstracts.

As shown in Figure 10, the relationship between education and physical education
has undergone a significant transformation between 1992 and 2025. Research in the field
of physical education, which started with just a few abstracts in 1992, has shown a
significant increase by 2025, indicating the rapid expansion of academic interest in this
field. This growth highlights the increasing prominence of physical education and sports

sciences, which have become more research topics over time. The rise in physical
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education research is driven by the growing presence of digitalization and technology in
education, particularly in the physical education field. In the years 2024-2025, research
related to physical education has increasingly focused on the integration of artificial
intelligence and digital tools into physical education practices. This period is marked by
innovations such as the use of digital platforms in physical education for students, the
development of interactive systems and artificial intelligence-based exercise analysis. In
physical education research, concepts like health and social interaction also play a
significant role. Studies related to health and quality of life emphasize the positive impact
of physical education on individuals' overall health. The development of digital health
solutions and exercise tracking systems has led to more focus on this area. Additionally,
social interaction and rising trends like the metaverse are starting to have an influence
in physical education as well. When considering all these findings, it is clear that between
1992 and 2025, research in physical education has undergone a major transformation.
The integration of digitalization, artificial intelligence and technology-based systems has
significantly increased academic interest in this field. It is expected that this trend will
continue in the future, with digital educational tools playing an increasingly prominent

role in physical education.

Figure 11 presents the findings on thematic evolution of the keywords.

1992-2023 2024-2025

Figure 11: Thematic Evolution of The Keywords.

As shown in Figure 11, between 1992 and 2025, research on the relationship
between physical education and artificial intelligence has undergone a significant
transformation, influenced by various technological developments and digitalization.
Studies focusing on the intersection of fields like artificial intelligence and physical
activity have become prominent. Between 1992 and 2023, keywords related to physical
education included basic topics such as sports, performance, motivation and physical
education itself, whereas research from 2024-2025 highlights innovative concepts such
as augmented reality, virtual reality and technological integration. This shift indicates
that the educational processes in physical education have been enriched and made more
interactive through digital tools and technologies. Keywords related to physical activity
have also undergone a substantial change. Between 1992 and 2023, terms such as
physical activity, sports and physical education were frequently used, while in 2024-2025,
terms like motivation, perceptions, augmented reality and technological tools became
more prominent. This shows that the integration of technology in physical education
has increased and digital tools have begun to be used to help students perform physical

activities more effectively. Specifically, research in the fields of sports and physical
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education during 2024-2025 has been enriched with technologies such as augmented
reality and virtual reality. These technologies are used to enable students to experience
physical activity in educational processes and to develop more effective teaching
methods. The growing interest in physical education and sports suggests that physical
education teaching has expanded not only to include physical activities but also to
support the psychological and cognitive development of students. Topics such as
motivation, performance assessment and sports psychology have become more common
research subjects in 2024-2025. This demonstrates how technology is being used in
physical ed. The relationship between health and physical education has also
strengthened significantly. Between 1992 and 2023, research on health mainly focused
on general health knowledge and healthy lifestyles, while in 2024-2025, topics like
obesity, health management and the impact of physical activity on health have gained
more attention. Virtual environments, augmented reality, motivation-enhancing
technologies and socially interactive platforms are leading to new paradigms in physical
education teaching. These technologies allow students to experience physical activities
in a more fun and educational way, while also provide. Considering all of these findings,
it is clear that between 1992 and 2025, the role of technology and digital tools in
education has increased and this trend is expected to continue in the coming years. It
can be said that technology and digital solutions will play a greater role in physical
education teaching and will be a significant factor in enhancing student performance

and motivation.

Findings Regarding TheWord Cloud
Figure 12 shows the word cloud for keywords plus.
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Figure 12: Keywords Plus Word Cloud.

Figure 12 reveals that the relationship between artificial intelligence and physical
education is undergoing a multidimensional developmental process. Core concepts such
as education, physical activity, performance and health lie at the center of the physical
education literature. In particular, the integration of physical activity into educational
practices plays a critical role in fostering healthy lifestyle habits among individuals of all
age groups, especially children and adolescents. In this context, practice oriented
concepts such as exercise, motivation, management and programming also draw
attention. The impact of technological developments on physical education has become

increasingly visible, especially with the emergence of concepts such as artificial
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intelligence, virtual reality, augmented reality and big data. These technologies make
physical education practices more interactive, measurable and personalized, offering
new opportunities in assessing students physical performance, providing feedback and
enhancing motivation. On the other hand, physical education research also establishes
strong connections with health related terms such as obesity, risk factors, depression,
stress and quality of life, demonstrating that the field is not limited to physical skills alone
but also contributes to the psychological and social development of individuals. Studies
conducted across different target groups such as children, adolescents, women and
adults indicate that the field investigates age and gender specific needs and strategies.
Taken together, these findings show that physical education research is expanding into
a broad field that encompasses pedagogical, technological and health related
dimensions.

Figure 13 shows the word cloud for author keywords.
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Figure 13: Author Keywords Word Cloud.

As shown in Figure 13, the relationship between physical education and artificial
intelligence has entered an interdisciplinary transformation process in recent years,
driven by rapidly advancing technological developments. The prominence of concepts
such as artificial intelligence, machine learning, deep learning, big data and augmented
reality in the keyword frequency analysis indicates that this transformation is being
extensively examined at the academic level. The growing impact of artificial intelligence
in the context of physical education is particularly evident in areas such as personalized
learning, monitoring physical performance, optimizing exercise programs and
enhancing student motivation. Alongside practice-oriented concepts such as exercise,
physical activity, learning and sports, the emergence of technological tools like
generative Al and natural language processing suggests that physical education is
shifting away from traditional teaching models toward a more digital, interactive and
data-driven structure. Furthermore, technologies such as virtual reality, mixed reality,
digital twins, wearable technology and the Internet of Things have made it possible to
measure students’ mobility, conduct training through simulations and adapt content
based on individual needs. All these findings indicate that physical education, artificial
intelligence and related concepts point to a technological paradigm shift within the field

of physical education.

Findings on the Multidimensional Scaling Analysis
Figure 14 presents the findings of the multidimensional scaling analysis of keywords

plus.
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things

Figure 14: Multidimensional Scaling Analysis of Keywords Plus.

Figure 14 presents the different thematic clusters in the literature on the integration
of physical education and sports based on multidimensional scaling (MDS) analysis
using keywords. The data show that keywords in this field are grouped into clusters, with
each cluster reflecting a specific theme. Among the most frequently encountered
keywords in the field of Physical Education and Sports are terms such as physical.activity
(n=0.93), exercise (n=0.96) and sports (n=1.16), which are concentrated in clusters 2 and
1. This indicates that research related to physical activity and sports are among the most
important topics in the field. While the terms physical.activity and exercise are directly
related to health and individual performance, they are also connected to studies
analyzing the biological and psychological effects of sports. The psychological aspects of
Physical Education and Sports are reflected in keywords such as motivation (n=-0.16),
behavior (n=1.13) and engagement (n=-0.10). These terms highlight research focused on
understanding the effects of sports on human behavior and motivations for engaging in
sports and are primarily grouped in clusters 1 and 2. These findings suggest the presence
of an approach that aims to understand the impact of sports on individuals' quality of
life. The health effects of sports are another focal point of the analysis. Keywords like
health (n=0.79), risk (n=0.78) and prevention (n=1.14) appear in clusters 2 and 4. This
indicates that research on the health-improving and disease preventing effects of
physical education and sports is prominent. Particularly, the term health highlights the
increasing body of literature emphasizing the positive health impacts of sports and
concerns related to health are at the forefront of studies in this area. On the other hand,
the social dimensions of sports also hold significant importance. Keywords such as
children (n=1.14) and adolescents (n=1.20) cluster in clusters 4 and 2. These keywords
focus on studies examining the impact of sports on children and adolescents.
Adolescents and children typically point to research on the integration of education and
psychological development with sports. Finally, keywords such as technology (n=-0.27)
and virtual.reality (n=-0.83) are found in clusters 1 and 6. These terms represent
innovative studies investigating the integration of technology with physical education
and sports. Particularly, research on the impact of virtual reality and digital platforms on

enhancing individuals' sports experiences and motivations has been rapidly increasing.
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Figure 15 presents the findings of the multidimensional scaling analysis of author
keywords.
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Figure 15: Multidimensional Scaling Analysis of Author Keywords.

In the multidimensional scaling (MDS) analysis based on author keywords shown
in Figure 15, a total of n = 90 keywords were examined and grouped into 8 clusters.
According to the analysis results, Cluster 1 (n = 60), the largest group, primarily includes
keywords focused on artificial intelligence, machine learning, educational technologies
and digital pedagogical applications. This cluster highlights concepts such as artificial
intelligence, education, machine learning, physical education, deep learning, covid-19,
technology, robotics, exercise, sports, e-learning, reinforcement learning, innovation,
health education, stress, mental health and quality of life. It reflects the integration of
physical education and sports with both healt. Cluster 2 (n = 4) includes terms related to
advanced digital systems and health technologies such as metaverse, internet,
telemedicine and healthcare. This structure demonstrates the relationship between
physical education and sports and themes such as digitalization, virtual environments
and remote health services. Cluster 3 (n = 9) represents augmented and virtual reality
technologies and their integration with sports. It includes concepts like virtual reality,
internet of things, augmented reality, mixed reality, extended reality, blockchain,
training, collaboration and X6g. Cluster 4 (n = 5) includes communication, medical
education, mhealth and digital divide, pointing to digital health services, mobile health
solutions and issues of digital inequality. It also illustrates the potential for integrating
Al-powered communication tools into physical education and sports settings. Cluster 5
(n = 3) is related to technologies capable of interacting with users, such as natural
language processing. This cluster includes natural language processing, emphasizing the
use of interactive Al-based applications in learning processes. Cluster 6 (n = 3) includes
digital twins, virtual reality and surveys, indicating the contribution of data-driven
simulation systems and assessment approaches to sports education. Cluster 7 (n = 1)
contains only the concept conversational agents. This cluster is regarded as a unique
indicator of the application of advanced AI technologies capable of natural
communication with individuals in the fields of physical education and health. Finally,
Cluster 8 (n = 1) includes only the keyword medical services. This concept represents a
distinct emphasis on the direct relationship between physical education, sports and

medical services.



Dertli et al., 2025.
International Journal of Health, Exercise, and Sport Sciences Vol 2, issue 2, June 2025 Page 339 of 347

Figure 16 presents the findings of the multidimensional scaling analysis of titles.
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Figure 16: Multidimensional Scaling Analysis of Titles.

In the multidimensional scaling (MDS) analysis of titles presented in Figure 16, a
total of n = 78 words were evaluated and grouped into 8 clusters. According to the
analysis, Cluster 1 (n = 15) brings together terms focused on education, artificial
intelligence, health technologies and digital transformation. In this cluster, words such
as education, physical, artificial, intelligence, training, technology, application, research,
virtual, medical, reality, integration and information stand out. This structure clearly
reflects the integration of physical education and sports with digitalization processes and
artificial intelligence technologies. Cluster 2 (n = 20) includes terms related to learning
processes, students, health, social factors and individual variables. This cluster contains
words such as learning, study, ai, health, students, development, activity, social, machine,
care, patients, diabetes, adults, factors, language, survey, school and American,
establishing a connection between physical education and Al based individual health
analyses. Cluster 3 (n = 14) mainly includes topics related to system design, instructional
practices and performance. Consisting of terms such as based, teaching, system, sports,
model, design, analysis, intelligent, data, evaluation, performance, quality, online and
college, this cluster provides insights into the development of Al-supported instructional
applications in the field of physical education. Cluster 4 (n = 2) includes only the terms
article and retracted. This cluster refers to content related to the publication process and
scientific integrity. Cluster 5 (n = 21) encompasses educational technologies, areas of
application, systematic approaches and future perspectives. Words such as review,
digital, future, metaverse, educational, systems, challenges, industry, approach,
engineering, technologies, role, smart, systematic, management, exploring, applications,
impact, potential, framework and trends are gathered in this cluster. This structure is
important for understanding the direction of future digital developments in the field of
physical education. Cluster 6 (n = 2) includes advanced Al architectures such as network
and neural and relates to the use of neural networks and network based modeling in
sports sciences. Cluster 7 (n = 1) consists solely of the term deep. The emergence of deep
learning techniques as an independent cluster indicates that this technology may hold a
distinct position in physical education and sports applications. Finally, Cluster 8 (n = 1)
includes only the term children. The existence of this cluster shows that studies focused
on children are considered an independent research focus, highlighting that children are

treated as a key target group in the field of physical education.
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Figure 17 presents the findings of the multidimensional scaling analysis of abstracts.
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Figure 17: Multidimensional Scaling Analysis of Abstracts.

As a result of the multidimensional scaling (MDS) analysis applied to the terms
appearing in the abstracts in Figure 17, a total of n = 31 words were evaluated and
grouped into 8 clusters. According to the analysis results, Cluster 1 (n = 4) consists of
fundamental concepts reflecting physical education and general educational practices.
This cluster includes the words education, physical, research and provide, indicating that
Al research in the field of physical education offers a foundational framework. Cluster 2
(n = 3) includes ai, health and including, demonstrating how artificial intelligence
technologies are associated with health-oriented content and how this integration is
evaluated in physical education practices. Cluster 3 (n = 9) covers educational
technologies and Al components focused on learning. The presence of terms such as
learning, students, artificial, intelligence, system, technology, development, paper and
educational suggests that Al-based instructional approaches are emerging in the fields
of physical education and sports. Cluster 4 (n = 6) focuses on research methods, data-
driven approaches and results analysis. Comprising the words study, data, training,
results, analysis and methods, this cluster highlights the applied dimension of Al-
supported sports research in the literature. Cluster 5 (n = 1) includes only the term
teaching. This cluster, which directly emphasizes instructional processes, draws
particular attention to the effects of digitalization in physical education teaching. Cluster
6 (n = 3) points to potential future developments and technological opportunities.
Including the terms technologies, potential and future, this structure enables inferences
to be made about the long-term impacts of artificial intelligence in the field of physical
education. Cluster 7 (n = 2) focuses on digital transformation and system components.
With the terms digital and systems, this cluster indicates the systemic-level integration
of digitalization in education. Finally, Cluster 8 (n = 2) consists of the terms model and
based. This cluster shows that Al-supported models are fundamental building blocks in

physical education research and that applications are built upon these models
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Findings Regarding Countries of Co-Authors
Figure 18 presents the findings for countries of co-authors
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Figure 18: Countries of Co-Authors.

According to the findings in Figure 18, the majority of the co-authors in the studies
on the integration of physical education and sport with artificial intelligence come from
certain countries. It is seen that most of the 249 co-authors in these studies are from
China and 240 of them are from the United States of America (USA). Other prominent
countries are the United Kingdom (UK) with 57 authors, India with 44 authors, South
Korea with 39 authors, Australia with 38 authors, Spain with 35 authors and Germany
with 31 authors. In addition, it was observed that 27 authors from Canada and Taiwan
each contributed. These findings show that artificial intelligence research in physical
education and sport is spreading globally and that certain countries are contributing

more in this field.

Findings Regarding Countries Production over Time
Figure 19 presents the findings on the production of countries over time.
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Figure 19: Production of Countries Over Time.

When examining the distribution of studies on the integration of artificial
intelligence into physical education and sports fields by year and country, as shown in
Figure 19, a significant increase is observed both temporally and geographically.
Especially after 2020, academic output in this field has gained considerable momentum.
As 0f 2025, the United States has produced the highest number of studies, with a total of
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645. It is followed by China with 612 studies. These two countries have solidified their
leadership in the field by accounting for a substantial portion of the total publication
volume. The United States has shown a consistent upward trend in production over the
years: 294 studies in 2022, 347 in 2023, 542 in 2024 and 645 in 2025. Similarly, China has
also exhibited a significant increase in output, with 257 publications in 2022, rising to
356 in 2023, 517 in 2024 and 612 in 2025. In 2025, the United Kingdom ranked third
with 116 studies, followed by India (108), Spain (82), Australia (80), South Korea (72)
and Germany (67). These figures indicate a growing engagement with artificial
intelligence in disciplines related to sports and physical education, suggesting a global
expansion of scientific interest in this area. When evaluating the temporal distribution,
annual production numbers remained quite limited before 2010. For example, the
United States produced only 53 studies in 2010, which exemplifies this trend.
However, following 2020, with the rapid advancement of Al technologies, there has been
a substantial increase in the volume of studies in these fields. The number of studies in
the U.S. rose from 115 in 2016 to 645 in 2025 an almost sixfold increase. Countries that
have seen a rise in recent years include Singapore (37 studies in 2025), Mexico (33),
Belgium (31), Iran (30) and France (63). The growing number of studies in these nations
indicates that interest in the field is not limited to a few key countries, but is instead
spreading across a wider geographical area. Overall, the analysis results demonstrate that
scientific output related to the integration of artificial intelligence into physical
education and sports has significantly increased over the past five years. The United
States and China are leading this growth. The intensification of research at the
international level highlights the strategic importance of this topic within the scientific

literature.

Findings Regarding Countries Collaboration World Map
Figure 20 presents the findings regarding the world map of countries cooperation.
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Figure 20: Countries Collaboration World Map.

Figure 20 presents the structure of multinational research networks based on a
world map showing inter-country collaborations. The data indicate that collaborations
have been established with varying intensities across more than 100 countries. When
examining the numerical distribution of these collaborations, it is evident that certain
countries have become regional and global hubs. The country with the highest number
of collaborations is the United States. The U.S. has conducted frequent joint studies with
China (n=20), the United Kingdom (n=14), Canada (n=9) and Italy (n=7). These
collaborations with a wide range of countries demonstrate that the United States is a
global hub in terms of research output. China has established high-level collaborations
with countries such as South Korea (n=10), India (n=8), the United Kingdom (n=7) and

Malaysia (n=4). China's particularly high-frequency connections in the Asia-Pacific
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region are considered an indicator of regional research integration. The United Kingdom
has maintained strong collaborations with countries in Europe, while also establishing
connections with countries from different regions, including India, Japan, Pakistan and
South Africa. This indicates that the United Kingdom is active in research collaborations
both regionally and globally. Australia is also among the notable countries in terms of
multinational collaborations, with significant work conducted with Sweden (n=3), Saudi
Arabia (n=2) and Ethiopia (n=2). The data reveal that the level of mutual collaboration
between countries is predominantly bidirectional and multicentric. Italy has high-
frequency collaborations with countries such as Germany (n=2), Romania (n=3) and
Switzerland (n=2). Spain, on the other hand, has expanded its research network with
collaborations involving France (n=2), Portugal (n=3) and Russia (n=2). Overall, the
analysis shows that research collaborations have diversified globally and evolved into a
multicentric structure. Certain countries play a central role in shaping the research

ecosystem both regionally and internationally.

RESULT

This study has examined the academic implications of artificial intelligence technologies
in the field of physical education and sports sciences from a multidimensional
perspective, highlighting the evolution of the field between 1992 and 2025. The
bibliometric analysis findings indicate that, over time, physical education has evolved
from its traditional focus on physical activity and performance to a multidisciplinary
structure based on digitalization, health, psychology and Al The increasing number of
publications and thematic diversity over the years demonstrate that Al is not only seen
as a technical tool but also as a pedagogical, therapeutic,and managerial component.

In recent years, the integration of virtual reality, augmented reality, the metaverse
and Al supported systems into educational processes has enabled physical education to
adopt a more personalized, measurable and interactive structure. Digital content tailored
to individual learning needs and real-time feedback mechanisms have enhanced the
quality of the learning process and positively influenced cognitive-emotional outcomes
such as motivation, participation and performance. These findings show that the
pedagogical function of Al is strengthening and Al is becoming a strategic tool not only
for physical development but also for cognitive and psychosocial development in the
context of physical education.

Research such as that by Drake et al. (2007) and Komalawardhana et al. (2021)
demonstrates that Al systems provide accurate and personalized feedback, enabling
more effective evaluation of students physical education performance. In particular,
allowing students to analyze their performance in-depth while watching training videos
helps them understand how to perform movements correctly and in a standardized
manner. This has helped students correct their performance in a timely manner, leading
to higher scores. Similarly, Srisuwan and Panjaburee (2020) emphasize that receiving
timely and accurate feedback in physical education classes can accelerate students
learning pace and positively impact their motivation. These findings further strengthen
the role of Al in physical education, showing that accurate feedback contributes to the
development process of students. However, the analyses show that the majority of
research is concentrated in developed countries and areas such as ethics, data security,
teacher competence and access to technology in rural areas are less frequently addressed.
Furthermore, research on adapted systems for individuals with special needs and studies
focused on sports psychology are limited. This indicates that the field requires more in-
depth research and the development of more inclusive and multilayered applications in

the future.
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In conclusion, this study systematically presents the scope and direction of the
transformation brought about by Al technologies in the field of physical education,
providing a holistic evaluation of the current developments. The findings demonstrate
that Al-based systems, when integrated with educational applications, offer innovative
solutions in various areas such as performance analysis, motor skill development and
health management. This transformation reflects the increasing integration of
digitalization, personalization and data driven decision-making in physical education
research and it suggests that future interdisciplinary collaborations will further enrich
the field.

SUGGESTIONS

Considering the research gaps, in-depth analyses should be conducted on ethical issues
and data security. In this regard, the impact of Al-based applications on sports
psychology and motivation should also be examined. It is important to develop Al
solutions tailored for different age groups, individuals with disabilities and female
athletes. Furthermore, training programs aimed at increasing physical education
teachers' Al literacy should be prepared.

In terms of application, considering the infrastructure deficiencies in developing
countries, low-cost and accessible Al systems should be designed. Additionally, it would
be beneficial to expand Al-supported remote physical education systems, particularly in
rural and hard-to-reach areas.

Regarding interdisciplinary studies, it is essential to encourage joint projects
covering fields such as sports sciences, education sciences, computer engineering and
ethics. Moreover, the applicability of advanced technologies like the metaverse,
augmented reality (AR) and Al integration in the context of physical education should
be tested.

This study presents the current trends in the use of Al technologies in physical education
and sports sciences and provides a theoretical and practical roadmap for future research
directions. It is expected that future research in this field will lead to more
comprehensive and application-oriented results. Bibliometric studies through various

databases on this subject are also recommended.
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