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Abstract. In the modern conditions of digitalization of education, e-learning in physical education is
defined as a promising direction of transformation of the educational process, especially in the
context of distance and blended learning. However, the lack of a systematic analysis of the research
landscape complicates the development and organized implementation of digital tools. Objective.
To carry out a comprehensive analysis of the research landscape of e-learning in physical education
for the period 2020-2025. Materials and methods. We used a bibliometric approach with the
analysis of data from Google Scholar using the programs Publish or Perish, Zotero and Vosviewer.
The final analysis included 414 scientific sources after careful selection. Key terms were mapped,
clustered into thematic groups, and the strength of the relationships between concepts was assessed.
The bibliometrics were supplemented by an empirical survey of 24 specialists in the field of physical
education who assessed their attitudes towards the main directions of e-learning development
using the author’s questionnaire. The analysis of respondents’ answers demonstrated the
consistency of the questionnaire at the level of a—Cronbach = 0.92. Results. Strong conceptual
connections between terms indicate the formation of sustainable research directions. The keyword
analysis revealed 27 relevant terms grouped into five clusters: 1) mobile technologies and
gamification; 2) online and blended learning; 3) advanced technologies (artificial intelligence,
virtual/augmented reality); 4) big data and massive open online courses; 5) video and learning
platforms. The most commonly used terms were “application”, “platform”, and “internet”, which
indicates the dominance of applied network technology research. The survey results showed that
the majority of teachers positively perceive the idea of introducing digital technologies in physical
education. The areas that received the most support were the creation of national platforms
(associated with clusters 4 and 5), adaptation of digital resources to the age and physiological
characteristics of students (associated with cluster 1), and the need for professional training of
teachers (associated with clusters 1-5). At the same time, respondents emphasized that traditional
forms of learning cannot be completely replaced by digital tools, emphasizing the importance of
blended learning models (associated with cluster 2 and 3). The research draws the conclusions that
the research landscape of e-learning in physical education is structured around key technological
concepts, where the highest level is occupied by digital platforms, mobile applications and
multimedia content. At the same time, immersive technologies (virtual and augmented reality) and
analytical tools are less common in research, which indicates the potential for their development. It
is expected that the identified clusters will be used to build effective learning platforms focused on
physical education. After all, the pedagogical community shows readiness for digitalization, but
needs methodological support, training, and institutional assistance. Further research should focus
on experimentally testing the effectiveness of immersive technologies, developing Ukrainian
learning management systems, and studying the impact of e-learning on students” educational and
practical outcomes.
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1. INTRODUCTION

Electronic learning (e-learning) is becoming increasingly widespread in modern higher education
practice, covering both general and specialized disciplines. In particular, physical education, which has
traditionally been perceived as an exclusively practical discipline taught face—to—face, is also gradually
being digitalized. These changes are driven by the development of information and communication
technologies, mobile applications, online learning platforms, and the use of artificial intelligence, virtual
and augmented reality in the educational process. The growing role of e-learning contributes to the
renewal of teaching methods and approaches to the organization of the educational process, which, in
turn, actualizes the need to study the scientific landscape of this issue.

2. THEORETICAL BACKGROUND

The analysis of scientific sources on e-learning in physical education demonstrates a variety of
approaches and research areas that reflect current trends in the development of educational
technologies. Considerable attention of researchers is attracted to mobile technologies (app) and
gamification, which help to increase motivation, physical activity and involvement of students in the
process of physical education (Arufe-Giraldez et al., 2022). However, the effectiveness of gamification
depends on the characteristics of physical fitness of participants and equal access to mobile technologies
(Camacho-Sanchez et al., 2023). Blended learning, which combines traditional methods with online
components, is growing in popularity in physical education. The use of learning platforms (LMS) helps
to increase motivation and improve students” motor skills (Wang et al., 2023; Babachuk et al., 2024).
However, the effectiveness of blended learning depends on the nature of physical activity and the
specifics of the motor activity being taught (Goad et al., 2021). The introduction of innovations such as
artificial intelligence (Al), augmented reality (AR), and virtual reality (VR) opens up new opportunities
for physical education. The use of AR optimizes the development of motor skills, while the use of VR is
associated with a decrease in stress levels in students in the process of physical education. Al contributes
to the development of individualization of learning and automation of learning progress assessment
(Cui et al., 2025). However, the high cost of technologies for the formation of a holistic digital learning
ecosystem is noted (Guo & Li, 2021). The use of big data and massive open online courses (MOOCs) in
physical education allows us to analyze student behavior and adapt curricula to their needs (Gumantan
et al.,, 2021; Zhu, 2024). However, the problem is to ensure the confidentiality and protection of students’
personal information.

3. RESEARCH OBJECTIVE, METHODOLOGY AND DATA

A preliminary analysis of scientific sources demonstrates a variety of approaches and research areas
that reflect current trends in the development of educational technologies. Against the background of
research on the digitalization of education and the use of electronic tools in the educational process, the
issue of integrating e-learning into physical education remains insufficiently studied. The main
difficulties lie in the specifics of physical education as an academic discipline based on the active
physical participation of students and direct contact with the teacher. However, modern information
technologies open up new opportunities for organizing learning, with the involvement of an online
format that is not traditional for physical education.

The problem that led to the current study is the lack of scientific data on the peculiarities of e-
learning implementation in the process of physical education. There is a need for a quantitative and
qualitative analysis of scientific works in order to identify the main trends and highlight areas for
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further research. In particular, it is important to find out which technologies are most widely used,
which methods are implemented most successfully and which areas need further development.

The purpose of the study is to comprehensively analyze the research landscape of e-learning in
physical education for the period 2020-2025.

The research design framework is determined by the features of mapping the scientific landscape of
e-learning in the field of physical education. The bibliometric approach was applied, which allowed to
quantify the key areas of research in the field of physical education.

Data collection. The literature search was carried out using the Publish or Perish v.8 software, which
allows retrieving bibliographic data from various scientific databases. In this study, the Google Scholar
database was chosen because of its wide coverage of publications in the social sciences, education, and
sports. Compared to other databases of scientific and metric information, which partially overlap,
Google Scholar indexes the so-called “gray” literature (dissertations, conference materials, etc.), the
analysis of which is relevant in the context of the subject matter of the study. The search queries were
formed taking into account key terms that reflect the topic of e-learning in physical education, in
particular: “e-learning”, “online learning”, “digital learning”, “blended learning”, “virtual learning”,
“distance learning”, “mobile learning”, “physical education”. The search was limited to the period from
2020 to 2025. The search was not limited to document types (see additional materials for more details).

Table 1 shows the inclusion and exclusion criteria for the analysis (Tab. 1).

Tab. 1
Criteria for inclusion and exclusion of studies for analysis
Criteria Inclusion Exceptions
Tvpe Peer-reviewed articles, conference Journalism, unverified sources,
YP materials, reviews, dissertations blog posts, non-academic sources
. Other languages without
Language English or other languages . guages.
translation or annotation
S Full text or at least an extended Lack of access to the content of
Availability . . .
abstract is available the article
The article has a clear scientific Lack of scientific structure,
Methodology N .
apparatus: purpose, methods, results subjective reflections
Education,  pedagogy,  physical Research focused exclusively on
Context . L . .
education, teacher training medicine, adult fitness, etc.
Integration of ICT, digital Mentions of technology without a
Focus technologies, LMS, e-learning in specific focus on  physical
physical education education

Source: created by authors

Survey. In order to empirically test the clusters identified in the modeling process, a specialized
questionnaire (“Attitudes towards e-learning in physical education”, contains 10 questions) was
developed to identify the assessment and attitudes of teachers/lecturers towards each of the identified
areas (see additional materials). The wording of the questions was based on the key indicators of each
cluster. The questions were in the form of statements assessed on a five-point Likert scale ranging from
strongly disagree to strongly agree. The survey was conducted among educators and, in particular,
teachers working in the field of physical education who have experience in using or implementing
digital educational tools. The survey was voluntary and involved the participation of qualified
professionals who, at the time of the survey, work in the field of physical education and have at least 3
years of professional experience (cumulatively). After data cleaning, 24 questionnaires were suitable for
use. General characteristics of the participants: representatives of the Department of Athletics (4
persons); representatives of the Department of Informatics (6 persons); representatives of the
Department of Physical Education (6 persons); representatives of the different middle schools (4
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persons); representatives of professional colleges (4 persons). All participants were blinded to the
purpose of the survey and were not informed about each other’s participation. The survey was
conducted anonymously using the gmail service.

The collected data were processed using descriptive statistics (the results are presented in format S +
SD. The internal consistency of the questionnaire was analyzed using Cronbach’s reliability coefficient
(). The value of o>0,70 was considered an acceptable level of internal consistency of the scales, which
confirmed the consistency of the statements related to the assessment of individual clusters.

Data analysis. The obtained bibliographic data of 812 documents were exported in BibTeX format
and uploaded to Zotero. After removing duplicates and retracted articles, 414 documents were exported
in RIS format and imported into Vosviewer software for visualization and analysis of scientific
networks. A keyword analysis was performed to identify the main topics and trends in e-learning
research in physical education. Co-authorship analysis to identify key authors and collaboration
networks was conducted, but the connections found were few and not meaningfully complementary to
the research results. The analysis of joint citations to identify the main scientific sources and their
influence was not conducted due to the peculiarities of extracting these publications by the PoP tool. The
analysis of co—authorship of organizations to identify the leading institutions in the field was not
conducted, as it is not related to the subject of the study. The analysis of country co—authorship to
determine the geographical distribution of research was not conducted, as it is not related to the subject
of the study. Zotero software was used to process and manage bibliographic data. When mapping by
key terms in Vosviewer, the minimum number of repetitions of a term was 10; the number of terms to
select was 33 (60% of relevant terms out of 55). An independent analysis of the identified terms by two
researchers led to the exclusion of terms that are not directly related to the research field: covid,
pandemic, study, design, example, child, luck, impact, participant, class, strategy, university,
integration, tool, teacher, physical education class, improve, investigation, case, include, policy, COVID-
19, readiness, level, format, class, during, outcomes. Both researchers, who checked their relevance to the
subject of the study, reached a consensus on all terms.

Visualization. The results of the analysis were presented in the form of a map of the
interrelationships of relevant keywords found in the title and abstract of the article, followed by a study
of the selected clusters. A visual demonstration of the hypothetical structure of the research field and the
relationships between its elements (clusters) was made.

For the bibliographic analysis of the research landscape, the criteria for including sources were
determined according to the criteria presented in the supplementary materials (see supplementary
materials). To facilitate the presentation of the research selection strategy for the review, the PRISMA
Flow Diagram (2020) tool was used (see additional materials). Two researchers analyzed the sources
according to the defined criteria. In case of a conflict regarding the possibility of including certain
sources in the review, a third researcher was involved.

4. RESULTS AND DISCUSSION

As a result of the analysis of the constructed map in the Vosviewer environment, which is shown in
Figure 1, the key terminology of the research landscape was identified (Fig. 1).
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Fig. 1. Key words of the research landscape of e-learning in physical education 2020-2025
Source: created by Voswiever
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The results of the analysis demonstrate the presence of 27 unique terms used in research on e-
learning in physical education in 2020-2025. The most frequently mentioned term is “application” (66
mentions). Next most frequently mentioned are “platform” (37 mentions), “app” (24), “mobile
application” (18) and “internet” (15). All terms are generally associated with the term “application” in
the context of mobile and web applications. Researchers” attention is focused on the use of applications
and platforms in digital learning (see additional materials). Other terms have a lower frequency: “mobile
phone” (11), “game” (10), “mobile learning” (10). The distribution of frequencies shows that the study
focuses on technological resources (applications, platforms, the Internet), mobile learning and game
elements.

The overall strength of the links reflects how closely each term is related to other terms in the
research network. Frequently used terms usually also have strong connections to other concepts.
“Application” (66 mentions) also has the highest total link strength (48), and “platform” (37 mentions)
has the second highest link strength (21). Similarly, “internet” (15 mentions) has a link strength of 16.
Some terms with a moderate frequency of mention demonstrate relatively low connectivity — “blended
learning” (9 mentions) and “virtual physical education” (6 mentions) have a very low total link strength
(1). These concepts are still less integrated into the overall research network.

The Vosviewer tool divides terms into 5 clusters according to their thematic proximity (Fig. 2). Each
cluster corresponds to a certain group of conceptually related concepts.

For further analysis, it seemed logical to us to combine studies that correspond to Cluster 4 and
Cluster 5. This is due to the logic that the key terms of Cluster 5 — “online platform”, “video” are rather
not a separate direction of development of physical education courses in electronic format, but act as
elements of the distance learning structure (for example, in the structure of MOOC:s).

Cluster 1 combines mobile technologies and gaming elements. The most common terms here are
those related to mobile applications and smartphones, as well as gamification. According to general
trends, mobile learning is becoming more and more relevant, and game elements are increasingly used
in physical education.
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Fig. 2. Clustering of the research landscape of e-learning in physical education 2020-2025
Source: created by authors

Cluster 2 covers basic infrastructure and general e-learning terms. It includes the concepts of
applications and learning platforms as basic elements of distance learning using Internet technologies.
There are also terms related to blended and online learning models. It is worth noting virtual physical
education, which reflects the gradually emerging trend of distance learning courses in physical
education.

Cluster 3 focuses on immersive and intelligent technologies such as AR/VR and Al The growing
interest in VR/AR in education is confirmed by global trends: virtual and augmented reality make e-
learning more realistic and engaging. Artificial intelligence manifests itself, in particular, in the
individualization of learning content and coordination of learning environments. The massive adoption
of VR/AR in learning environments is expected in the coming years.

Cluster 4 focuses on data analytics and massive open online courses. The relevance of big data and
MOOCs courses indicates the prospects for the development of these scientific areas in physical
education.

Cluster 5 emphasizes the role of platforms and video in e-learning. These tools are seen as an
important area for organizing learning content through the use of multimedia and LMS systems.

The average year of publication helped to identify the most relevant areas of e-learning development
in physical education. The following terms have the highest average years of mention: gamification,
online physical education course, mobile learning, app, game. Obviously, gamification as a direction of
updating the educational methodology takes the leading place. The second earliest trend is specialized
online physical education courses, which appeared in publications in 2023 and reflects the research
interest in distance learning in physical education. Also new are “mobile learning” and “mobile
application”, which is in line with the established trend of using mobile technologies in modern
education. Other notable terms are “video”, which indicates the relevance of video content in education,
and “online platform”, which indicates the spread of online environments.

Guided by the results of clustering, a questionnaire was developed to study the attitude to e-learning
in physical education of industry professionals. Table 2 presents statistics of the processed answers of
respondents (Tab. 2).
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Tab. 2
Attitudes towards e-learning in physical education
Ne Questions S SD
1 | E-learning has the potential to improve physical education 3.25 1.26
2 | I am ready to implement digital technologies in my lessons/activities 3.33 0.87
3 | Development of electronic resources for physical education is 3.58 1.06
relevant and necessary
4 | Electronic tools can improve pupils’/students’ motivation to study 3.25 1.19
5 | I'lack the knowledge/skills to use digital technologies effectively 2.75 1.03
6 | Systematic training of teachers on the use of ICT in physical 3.46 1.14
education is needed
7 | Traditional forms of physical education cannot be completely 3.33 1.09
replaced by digital technologies
8 | National electronic platforms for physical education (videos, 3.42 1.10
courses, teaching materials) should be created
9 | The use of e-learning should take into account the age and physical 3.29 0.96
characteristics of students
10 | Electronic tools allow you to better monitor student progress and 3.38 1.01
activity

Source: created by authors

The reliability of the developed questionnaire is confirmed by the high value of the Cronbach’s
coefficient (o = 0.92), which indicates the internal consistency of the statements.

The overwhelming majority of respondents expressed a positive attitude towards e-learning
opportunities as a means of improving the physical education process and increasing student
motivation. Teachers” attitudes indicate a moderate readiness to integrate digital technologies into their
activities, which may be the result of limited methodological support or resource provision. High ratings
for statements about the need for systematic training and the creation of e-platforms indicate a demand
for structural changes in the educational environment. At the same time, most teachers do not support
the complete replacement of traditional forms of physical education with digital technologies,
recognizing the need for mixed learning formats.

Teachers pay special attention to the adaptation of digital solutions to the age and physical
characteristics of students, which confirms the need to individualize the process of physical education at
both school and higher education levels.

The identification of relevant studies in the context of their relation to individual clusters allowed us
to identify the key areas of development of e-learning in physical education and, accordingly, to conduct
a bibliographic analysis.

Mobile technologies and gamification

Mobile and digital devices, as well as related apps and games, are central to the debate on the
integration of technology into physical education (Al Ardha et al., 2024). Students often prefer more
portable devices. These gadgets have become popular for learning due to their widespread use in
everyday life and the availability of wireless connectivity (Chang et al., 2020; Kurniawan et al., 2022).
Digital and smart devices can also be used as an output port, for example, to view materials (Lizandra et
al., 2020; Pratama et al., 2022; Mokmin et al., 2024). Wearable devices play an important role by enabling
the measurement and tracking of physical activity, such as distance traveled, number of steps, speed,
and energy consumption (Almusawi, Durugbo, & Bugawa, 2021). Wearable sensors can be used for
biomedical surveillance (Alsalhy et al., 2023).

Mobile apps are seen as tools to optimize learning and increase physical activity. They are used to
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assess the quality of hybrid learning (Estrada-Oliver & Mercado-Gual, 2022). As tools for researching or
completing learning tasks, mobile applications are used in the form of: access to resources (Saklani,
2023); physical activity tracking (Vega-Ramirez, Notario & Avalos-Ramos, 2020); fitness improvement
(Liu & Gao, 2022); video analysis (Adams et al., 2025); data collection and communication (Papastergiou
et al., 2021; Zulkifli & Danis, 2022). Specific apps, such as Polar Beat, Coach’s Eye, WeChat, TikTok,
WhatsApp, and Kahoot! are mentioned as aggregate tools that combine learning and assessment
opportunities (Shang, Moss & Chen, 2023; Xu, Zhang & Xu, 2024). Mobile apps can help eliminate the
need for expensive equipment.

Games and gamification are considered a separate block of technology implementation in the
process of physical education based on unique approaches — exergames, location-based competitive IoT
games, physical computing devices (Arufe-Giraldez et al., 2022). The use of gamification elements helps
to increase students’ motivation and engagement in physical education (Nuraini et al., 2023). The
combination of technologies in the form of gamified mobile applications effectively motivates
adolescents to an active lifestyle and physical activity (Camacho-Sanchez et al., 2023). Game competition
between students using fitness bracelets is noted as an influential factor in the formation of a positive
attitude towards gamification (Rakha, 2023). In the context of physical education gamification, users
increase physical activity, which indicates the effectiveness of gamification in stimulating it. However,
there are certain limitations to the use of gamification. The effectiveness of classes can be reduced if
participants have significant differences in physical fitness, which primarily affects the motivation of less
fit participants (Tjitroharjo et al., 2024). It is necessary to take into account the individual characteristics
of students and ensure the accessibility of technology to avoid inequalities in learning (Tagimaucia et al.,
2024).

Despite its widespread use, there are challenges associated with the use of wearable technologies,
mobile devices and apps, such as limited access to digital devices and the internet connectivity they
require, the cost of devices and internet, technical issues and difficulties with the use of new
technologies (Chang et al., 2020; Kurniawan et al., 2022; Adams et al., 2025). Mobile devices can disrupt
traditional physical education learning experiences (Guo & Li, 2021; Alsalhy et al., 2023; Mokmin et al.,
2024). At the same time, the use of devices can make learning time more functional.

Our survey shows a moderate level of agreement among respondents with the statement about the
positive impact of electronic tools on students” motivation to engage in physical education. Therefore,
we note the consistency of the survey with the findings of studies that emphasize the effectiveness of
such tools in increasing students’ interest and activity. Not only cautious optimism, but also
ambivalence was recorded: some teachers recognize the potential of mobile applications and game
mechanics, while others doubt their effectiveness or lack sufficient experience in using such
technologies. Gamification in combination with mobile technologies is considered in the literature as an
effective tool for increasing motivation through emotional engagement, immediate feedback, and an
achievement system. However, the average level of support in the respondents’ answers indicates the
need for empirical examples of successful implementation of such approaches that would take into
account the specifics of physical education, including motor activity, spatial conditions, and load
control.

Online and blended learning

Online learning is an area that is often considered in the context of distance education. Online
learning is associated with the adaptation of the physical education process to learning in crisis
situations (Gonzalez-Calvo et al., 2020; Botagariyev et al., 2024). The advantages of online learning are
identified, such as access to resources and overcoming geographical limitations (Estrada-Oliver &
Mercado-Gual, 2022; Babachuk et al., 2024).

Blended (hybrid) learning, which combines traditional and online formats, is gaining popularity in
physical education. It is considered as a combination of online and offline components (White et al.,
2021). Various platforms and environments used for online and distance learning in physical education



Research Landscape of E-Learning in Physical Education: 20202025 91

have been identified, including Google Services, Moodle, Blackboard Collaborate, WeChat, online
platforms and collaborative environments (Hendriansyah et al., 2020), as well as specific systems such as
JIT.SI and Zoom (Cojocaru et al., 2022). The successful application of blended learning depends on the
compatibility of the selected digital components with mobile devices. The use of online platforms in
combination with traditional classes helps to increase students” motivation for physical activity (Kela,
Muswalali & Mukwambo, 2022; Usterlie et al., 2023). Blended learning can also contribute to improving
students” attitudes toward exercise and fitness (Ng, 2021). However, there are challenges associated with
ensuring the quality of educational content (Klochko & Fedorets, 2022).

Online resources in physical education are diverse in content. Discussion of devices, tools, and
applications used in online learning is common among researchers and educators (Tegero, 2021).
Internet access is critical, as its absence or instability is a serious obstacle to online learning (Tjitroharjo,
Nopembri & Kriswanto, 2024; Tagimaucia, D’Souza & Chand, 2024). Equipment is also an important
part of both traditional and online learning. Problems with access to equipment are one of the main
obstacles in building an online physical education learning process. However, the possibility of effective
training at home with minimal or no equipment has been argued (Wallace J., Scanlon & Calder, 2023).
Among the obstacles to the effectiveness of online and blended learning are the transactional distance
(sense of distance) in online physical education (Zhu, 2024), technical problems (Xu, Zhang & Xu, 2024),
and digital inequality associated with the availability of this learning format (Cojocaru et al., 2022).
Blended learning does not always lead to a significant improvement in skills in certain types of physical
activity, which may be due to the specifics of these disciplines and the level of students’ fitness (Goad,
Killian & Daum, 2021).

In our survey, the average score demonstrates a cautious but positive attitude of teachers towards
the introduction of e-learning in the educational process of physical education. This result may be due to
both limited experience and existing stereotypes about the incompatibility of physical activity education
with the online format. At the same time, a slightly higher rate of readiness to implement digital
technologies indicates that teachers are open to innovation, provided they receive proper training,
methodological support, and technical resources. Considering the opinions of teachers in the context of
the current scientific debate on the effectiveness of blended learning, we find consistency in the desire to
combine the advantages of face-to-face and distance learning formats. Systematic training and
development of digital competence are key conditions for a successful transition to blended models in
physical education.

Advanced technologies: AI, AR, VR

The introduction of advanced technologies, such as artificial intelligence, augmented and virtual
reality, opens a new page in physical education. Advanced technologies are seen as a real sector of
change in educational approaches to the organization of physical education in the near future. So far, VR
has been mentioned mainly as a training tool in the use of wearable VR equipment (Xiaofen et al., 2020;
Meng, 2021). But virtual courses in physical education and the use of immersive technologies in
education have already been tested (Gumantan, Nugroho & Yuliandra, 2021; Hamizi, Mokmin & Ariffin,
2022). They potentially determine the possible development of VR/AR applications in the online
environment (Zhu, 2024; Wang et al., 2024). The use of virtual reality can help reduce students” stress
levels, which is especially important in conditions of increased psycho-emotional stress (Niu, 2021;
Klochko et al., 2022).

Augmented reality is more noted in the context of practical use to optimize student learning of
motor skills. The use of AR in physical education contributes to the improvement of motor skill
acquisition (Pratama, Sucipto & Hanief, 2022) and safety of motor learning (Klochko & Fedorets, 2022),
as well as student motivation to exercise (Chang et al., 2020). The development of online VR/AR
applications (Mokmin & Rassy, 2024; Zhang & Huang, 2023) and technical equipment for viewing them
(Ariffin, Mokmin & Akmal, 2022) is also mentioned in the context of preparing educational materials
and structuring physical education courses.
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Artificial intelligence, in the context of physical education, is a technology used to develop distance
multimedia learning platforms. There are concepts of an educational robot with artificial intelligence,
smart physical education based on body image positioning algorithms, and machine learning
applications (Wang, 2022). Al can be used in models for automated evaluation of algorithm-based
learning. A promising area is the use of big data and Al to create a system for monitoring physical
education courses (Cui et al., 2025).

Further research is needed to assess the effectiveness of advanced technologies and their impact on
learning outcomes. Potential risks associated with VR/AR should be considered, such as the possibility
of dizziness or neck injuries with prolonged use (Meng, 2021; Hamizi, Mokmin & Ariffin, 2022; Saklani,
2023), as well as high equipment costs (Klochko et al., 2022; Zhang & Huang, 2023).

In our survey, despite the absence of a direct assessment of advanced technologies such as Al,
AR/VR, the positive assessment of the potential of electronic tools for monitoring student activity
indirectly demonstrates the openness of respondents to using such solutions. These technologies have
the potential to provide individualization, instant feedback, and simulated exercise in a controlled
environment. However, the cautiousness of the respondents in their answers indicates the risks of ill-
considered integration of high-tech solutions without adaptation to the real needs of students. Therefore,
further research using AI/AR/VR should include not only technical implementation but also pedagogical
support of this format.

Big data and MOOCs

The features of the application of big data analysis in physical education of students are determined.
They are used to develop the design of a system of physical education classes based on intelligent vision
(Niu, 2023). In another direction, it is proposed to develop online physical education classes based on
big data and an Al monitoring network (Wang, 2022; Liu & Gao, 2022; Cui et al., 2025). Models for
assessing the effectiveness of education and training can be based on data mining technology (Sargent &
Casey, 2020; Varga & Révész, 2023) and combined with blockchain technology in the IoT environment
(Zhang & Ma, 2024).

Massive open online courses are mentioned as a form of online learning (Bao & Yu, 2021). It is the
application of MOOC:s in a blended learning model that is accepted as the main direction of their use in
physical education (Yu, 2022). The use of big data and MOOCs in physical education allows us to
analyze student behavior and adapt curricula to meet their needs (Baena-Morales et al., 2024). There are
concerns about ensuring privacy, security, and ethical use of data. One of the main concerns is the
protection of students’ personal data. MOOC platforms collect a large amount of information, including
IP addresses, geolocation, test scores, forum activity, and other digital traces — sensitive information that
needs to be kept confidential and avoided from unauthorized access (Deng & Chen, 2022). There is a risk
of data security breaches that could lead to the leakage of students’” personal information. Lack of
transparency in the use of learning data analysis algorithms can lead to biased or unfair decisions
(Maximovich, 2023). Students may not know how their data is being analyzed and used to make
decisions about their learning, which undermines trust in the system (Lohmann et al., 2021).

In our survey, the positive assessment of the idea of creating national electronic platforms with
teaching materials and videos demonstrates the awareness of the importance of centralized, accessible
resources for teachers. Even though the terms “MOOCs” and “big data” were not explicitly mentioned
in the survey, this response reflects a potential readiness to use elements of open education. Therefore,
there is a demand for systematized and accessible resources that could potentially be based on the
principles of open education and educational data analytics. Analyzing data on academic performance
and participation in such platforms can become the basis for optimizing educational technologies.
Making such decisions requires the development of digital infrastructure, the creation of Ukrainian-
language content, and regulatory frameworks for copyright and personal data protection.

Platforms and videos in e-learning

Information technology and information and communication technologies (or digital technologies)
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open up opportunities for distance learning and interaction with a large number of participants.
Multimedia is used in physical education for various purposes: video analysis of motor skills (Xu, Zhang
& Xu, 2024); providing video feedback (Souza et al., 2023); recording video as part of learning tasks or
for progress monitoring (Sulistianta, Azhar & Nurhidayah, 2024); used as learning content (including
streaming media technology) (Jastrow et al., 2022). Online platforms and learning management systems
(LMS) provide centralized access to content, communication tools, interactive tasks, and assessment
systems, which allows for automation and individualization of the learning process.

The use of multimedia — learning videos, video instructions, streaming services — contributes to a
better perception of educational material (Nuraini et al.,, 2023), demonstration of rational exercise
techniques and creation of conditions for visual learning (Adams et al., 2025). The integration of online
multimedia technologies in the context of blended learning contributes to increasing student
engagement (Wang et al., 2023), developing independence in motor learning and creating a flexible
educational environment (Hendriansyah et al., 2020; Corbin, 2021).

Critical analysis shows that the effectiveness of online platforms and videos depends on several
factors: pedagogical content design (Daum et al., 2021); interactivity tools (Reyes, 2023); digital literacy
of teachers and students (Moura et al., 2021); relevance of materials to the real needs of practical learning
(Jastrow et al., 2022). There are problems with their implementation in the process of physical education
related to the lack of practical interaction (Pill, SueSee, & Davies, 2024), a decrease in physical activity
with a complete transition to the online environment and the risk of formal knowledge acquisition
without real mastery of motor skills (Kjerland & Annerstedt, 2022).

In our survey, the highest level of support was given to the thesis about the expediency of creating
specialized electronic resources for physical education, which indicates a general understanding of the
value of video content as an effective means of training modules for demonstrating exercises, rational
movement techniques and monitoring their implementation. There is an agreement with the dominant
trend in scientific publications — the active use of video in physical education as the main component of
the digital learning environment. Multimedia are also seen as effective in training future physical
education teachers and developing the digital competence of experienced professionals. Therefore, the
survey results are consistent with modern educational practices, where multimedia content is a central
element of the digital learning environment.

Thus, the overall positive dynamics of respondents” perception of digital technologies in physical
education was recorded, but with a pronounced need to raise awareness, provide methodological
support and ensure the adaptation of innovations to the conditions of Ukrainian education. The most
supported are tools that have obvious applied value (video, platforms), while advanced technologies
(AL VR, AR) require additional legitimization through pilot studies, teacher training, and the study of
the experience of their successful implementation in the educational process.

Thus, e-learning is becoming an integral part of the physical education infrastructure. It helps to
individualize learning, expand didactic opportunities and support the educational process in distance or
blended learning. At the same time, the introduction of e-learning should be accompanied by
scientifically based methodological approaches and systematic training of teachers, taking into account
the specifics of physical activity as the main component of the physical education process.

The research landscape of e-learning in physical education is multidimensional and dynamic. The
main trends are the dominance of mobile technologies, the growth of gamification, the development of
online courses, the use of immersive and advanced technologies, and the introduction of data analytics.
These trends reflect modern approaches to the organization of the educational process and indicate the
prospects for further research.
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5. CONCLUSIONS

According to the results of the study on the analysis of the research landscape of e-learning in
physical education for 2020-2025, it was found that the dominant concepts in the scientific literature are
“application”, “platform”, “internet”, which reflects the focus on practical digital tools and mobile
technologies. The mapping of key terms allowed us to identify five substantive clusters: mobile and
gamified technologies, infrastructure elements of distance learning, immersive innovations (VR/AR, Al),
analytics and mass online courses, and multimedia resources. The study confirmed the growing interest
in the use of electronic solutions in physical education and the formation of new research areas. A
survey of teachers and educators showed a generally positive attitude toward the introduction of digital
technologies in this area, despite a lack of knowledge, practical skills, and structural support.

The identified clusters and key terms can be used as a basis for the development of national e-
learning platforms for physical education, preparation of digital learning materials, and systematic
training of teachers. In particular, the results of the survey indicate a high demand for the creation of
adapted methodological solutions and platforms with video content that take into account the age and
physiological characteristics of students, as well as the need to improve the digital literacy of teachers.

Prospects for further research include deepening the analysis of the integration of immersive
technologies (AR/VR), studying the effectiveness of blended learning models in physical education, as
well as developing and testing authoring online courses and digital platforms. It is important to
systematically study the impact of e-learning on students” physical activity and fitness.

Limitations: Among the limitations of this study are the use of only one database (Google Scholar), which
could limit the coverage of academic publications; the emphasis is mainly on English-language sources; limited
sample size for empirical surveys. In addition, the evaluation of the effectiveness of e-learning in the practice of
physical education has not been directly studied, which requires the implementation of a separate practical
research area.
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€c])peMeHKo Amngpiit, Hlyrees Ilaas, Iloatopaubka TI'anna, MeasHnuk Aaina, Joaromoaosa Haraais.
JocaigHnnpKuii - AaHAmMAPT  eAeKTPOHHOTO HaB4aHHA y  ¢ismunHomy BuxosaHHi: 2020-2025. JKypnaa
Ipuxapnamcoiozo yrisepcumeny imeni Bacuas Cmeparuxa, 12 (3) (2025), 83-100.

Y cydacHux ymoBax nm¢posisanii OcBiTM eAeKTpOHHe HaBuaHH: y (Pi3MYHOMY BUXOBAHHI BM3HAYAETHCA SIK
MepCIeKTUBHNII HalpsAM TpaHcopMarlil OCBITHLOTO IIpollecy, OCODAMBO B KOHTEKCTi AMCTaHIIIIHOTO Ta
3mimanoro HapyaHHA. OJHaK BiACYTHICTh CCTEMHOTO aHaAi3y 40CAiAHUITBKOTO AaHAIIAPTy YCKAaAHIOE pO3POOKY
Ta OpTraHi3oBaHe BIIPOBas>XKeHH: LNMPPOBUX iHCTpyMeHTiB. MeTa A0CAiA>KeHHs: 3AIICHUTI KOMIIAEKCHUI aHaAai3
A0CAIAHUIIBKOTO AaHAI_LIaCl)Ty €/eKTPOHHOIO HaBYaHHI Y (1)i3MqHOMy BUXOBaHHI 3a mepiog 2020-2025 poxis.
Marepiaan ta MeToau. Mu BUKOpHUCTOByBaAM OibaioMeTpuuHMIil migxia 3 aHaaizom ganmx Google Scholar 3a
Aomnomoroio iporpam Publish or Perish, Zotero ta Vosviewer. OcraTounnii aHaai3 Bkaiodas 414 HayKOBMX g>Kepea
micAsl peTeAbHOTO BigOopy. Kaiouosi Tepminm Oyam KaprorpadosaHi, 3rpyIlioBaHi B TeMaTW4Hi I'PyIN, a TaKOX
OIliHeHa cuAa 3B's3KiB MiX TOHATTAMU. bibaioMeTpuuHi aanHi OyAu AOIOBHEHi eMITipUMYHMUM ONNUTYBaHHAM 24
paxiBLiB y raaysi (pisMYHOTO BUXOBAHH:, SIKi OLIHMAM CBOE CTaBAEHHSA AO OCHOBHUX HAaIIPSIMIB PO3BUTKY
€1eKTPOHHOTO HaBYaHH: 3a 4OIIOMOIOIO aBTOPChKOI aHKeTH. AHaAai3 BiAIOBiZell peclIOHAEHTIB IIpOAEMOHCTPYBaB
y3rog>KeHicTh aHkKeTu Ha piBHi a—Kponbaxa = 0.92. Pesyapratu. Milni KoHIlenTyaAbHi 35"s13KM MiX TepMiHaMu
3acBiguyIoTh PO POPMyBaHH: CTaAMX HAIIPsMIB A0CAiA>KeHb. AHaAi3 KAIOYOBUX CAiB YMOBXKAMBUB BUABAEHHS 27
peAeBaHTHMX TEPMiHiB, 3TPYIOBaHMUX Yy II'sITh KaAacTepis: 1) MoOiapHI TexHOAOTII Ta FeﬂMi(l)iKaL[iﬂ,‘ 2) oHAalH Ta
3MilaHe HaB4yaHHS; 3) IepeAOBi TeXHOAOTIl (IUITYyYHMII iHTEAEKT, BipTyaabHa/JOIIOBHEHa peaAbHICTb); 4) BeAUKi
AaHi Ta MacoBi BiAKpHUTI OHAaMH-Kypcu; 5) Bideo Ta Hap4aabHi maatdopmm. Haitbiapmn gacTo BXXKMBaHMMU
TepmiHamm Oyam “aogatok”’, “maardpopma” Ta “iHTepHeTr”, IO CBiAYMTH HIPO AOMiHYBaHHSI JOCAiA>KEHb
MNPUKAaJHUX MepeKeBMX TeXHOAOTill. Pe3yabTaTy ONMMTyBaHH: MOKa3aaAl, IO OiAbILIiCTh BUMUTEAIB MO3UTUBHO
CIIpUIIMAIOTh i4€I0 BIpOBaAXXeHHs LMQPPOBUX TEXHOAOTN y ¢isuuHe BuxoBaHHs. HaiGiapmy migTpumky
OTpMMaAl TakKi HalpsAMH, SIK: CTBOPEHHsI HalliOHaABHMX I11aTPopM (IIOB s13aHe 3 KaacTepamm 4 Ta 5), adanTaris
1ppOBUX pecypciB 40 BiKoBMX i (isioaoriunmx ocodamBoCTelt yuHiB (I10B A3aHe 3 KaacTepoM 1) Ta HeoOXiAHiCTb
mpodeciiHol MiATOTOBKM BumMTeAiB (IIOB'sI3aHe 3 Kaactepammu 1-5). BogHouac pecrnioHaeHTH Haroaocmau, o
TpaAuLiiHi ¢opMU HaBUaHHS He MOXKYTh OyTM ITOBHICTIO 3aMiHeHi udppoBUMU iHCTpyMeHTaMH, MiAKPeCAI0Yn
BaKAMBICTh MOJeAell 3MilllaHOTO HaBYaHH: (IOB's3aHe 3 KaacTepamu 2 Ta 3). BucHoskn. OTpumani pesyabTatun
CBiguaThb MpO Te, IO AOCAIAHMIIBKUI JAaHAIIA(T €AeKTPOHHOIO HaBYaHHA y (Pi3MYHOMY BMXOBaHHI
CTPYKTYPOBaHMII HaBKOAO KAIYOBMX TEXHOAOTIYHMX KOHIEMIiN, A€ HaBUINUII PiBeHb 3aliMaloTh LH/ICl)pOBi
raatrdpopmy, MOOiABHI A0AATKM I MyAbTMMeAiiHMIT KOHTeHT. BoaHouac, iMepcuBHi TexHoaorii (BipTyaabHa i
AOIIOBHEHa peaAbHICTh) Ta aHaAiTMYHI IHCTPyMeHTM MeHII IOIIMpeHi B AOCAiAXKEHH:AX, IO CBig4UTL IIPO
MoTeHIliaa iX po3BUTKy. O4iKye€Thbcd, 110 BU3HAUYeHi KaacTepy OyAyTb BUKOPMCTaHi 445 MOOyA0BM ePeKTUBHIIX
HaBYaABHNMX I11aTQOpPM, Opi€HTOBaHMX Ha (Qisy4He BUXOBaHHA. AJKe IIeJaroridyHa CIiAbHOTa AE€MOHCTPYE
TOTOBHICTB 40 IM(pOBi3allii, asze oTpedy€e MeTOZ0A0TiYHOI MiATPMMKY, HaBUYaHHA Ta iHCTUTYIINHOI 4OTIOMOTTL.
IMoaaabrmi gocaia’KeHHsT MalOTh OYTHU 30cepes KeHi Ha eKClIepMMeHTaAbHil IepeBipiii epeKTnBHOCTI iMepcuBHIIX
TeXHOOTiii, po3po0Ili YKpaIHCHKIX CICTEM YIpaBAiHH: HaBYaHHAM i BUBUEHH] BILAMBY €/1eKTPOHHOTO HaBYaHH: Ha
OCBIiTHI Ta IIPaKTWYHi pe3yAbTaTy CTY/EeHTiB.
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Karouosi caoBa: eaexTpoHHe HaB4aHH:, MOOiABHI 404aTKM, (Pi3UdHe BUXOBaHH:A, IMQPOBI TEXHOAOTiI, OCBiTHI
inHosBarrl.



