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THE USE OF IMMERSIVE TECHNOLOGIES IN EDUCATION:
ANALYSIS OF SCIENTIFIC STUDIES IN THE SCOPUS
BIBLIOGRAPHIC DATABASE FOR THE PERIOD 2015-2023

(A) Contemporary societal challenges, such as COVID-19 and military conflicts, restrict or significantly limit students’ access to educational
facilities, laboratories, specialized classes, and other educational infrastructure. These changes pose new challenges to the education system.
Access to laboratories and specialized training facilities is crucial for the training of various professionals, including engineers, navigators, pilots,
doctors, and science teachers. The outcomes of their training directly depend on access to the tools and equipment they will use in their future
professional activities. Additionally, an important aspect of effective education is considering the characteristics of the current generation
of learners and their educational needs. One promising direction for structuring educational processes is the use of immersive technologies,
which form the basis for creating a metaverse. Given the rapid evolution of the metaverse concept, substantial investments in metaverse
technology development, active growth across various business sectors within the metaverse, and the significant impact of these technologies
on various facets of societal life, it is crucial to comprehend the current scale of the metaverse and its subsequent implications, particularly
for the education system. We conducted an analysis of research conducted at the intersection of the concepts “immersive’; “metaverse’, and
“education” (in various spellings and extended to specific immersive technologies such as AR, VR, MR), available in the Scopus database, with a
focus on the period from 2018 to 2023. The article presents the methodology for selecting and processing data. The data selection process was
particularly processed using a scientific torture method, allowing the identification of fields with the most significant number of studies on the
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chosen theme, clustering the directions in which the research was conducted, identifying authors actively involved in the researched theme,
and determining prospective directions for further research.

Keywords: immersive technologies; metaverse; education

BUKOPVUCTAHHA IMMEPCVUBHUX TEXHONOTII B OCBITI: KOHTEHT-AHANI3 JOCNIIKEHD
Y HAYKOMETPUYHIW BA31 SCOPUS 3A 2015-2023

9 Cy4acHi suknuku cycninecmaa, ax-om: COVID-19, gilicbkosi KOHpAIKMU, W0 yHeMOXIUB/IIoMb abo Cymmego 0bMexyloms docmyn
cmydeHmie ma yyHig 00 nabopamopili, mpeHy8aabHUX KOMNJIEKCi8, CNeyiani3o8aHux kaacie ma iHwoi oc8imHeoi iHgpacmpykmypu,
cmasnamo Hoei 3a80aHHA neped cucmemolo ocgimu. Jocmyn 0o nabopamopiti i mpeHy8asbHUX KOMNJIeKCi8 € 8aX/IUBUM y pO3pi3i
nid20mosKU WUPOKo20 Kosia mautbymHix axieyie: iHxeHepie, wmypmadie, nisomie, nikapie, yyumesig npupoOHUYUX HAYK md iH.
Pe3ynemamu ixHboi nidzomosku 3anexams 8i0 docmyny 00 3HapA00a ma 0671a0HAHHS, ke 8OHU BUKOPUCMOBY8AMUMYMb Y N00a/TbwWili
npogecitiHil OisnbHOCMI. TAKOX BAX/IUBUM ACNEKMOM Op2aHi3ayil e(heKkmueHo20 HABYAHHA € 8pPAXYBAHHA 0cobausocmell Cy4ydcHO20
nokosiHHA 3006y8avig oceimu ma ixHix ocgimHix nompeb. OOHUM i3 nepcnekKMuBHUX HanpsMie nobydosu 0C8iMHbO20 npouyecy €
BUKOPUCMAHHSA iIMMepCUBHUX MeXHO/0zil, Ujo € nidrpyHMAM cmeopeHHs Memascecgimy (metaverse). 3 ypaxyeaHHam weuoKoi egosmoyii
KOHUenyii Memascecsimy, 3Ha4HUX iHeecmuyiti y po3pobieHHs mexHoozili Memascecsimy, akmueHo20 pO3BUMKY Pi3HUX cep 6i3Hecy
y Memascecsimi ma cymmeeozo 8njiugy OaHUX MexHOOzill Ha pi3Hi cghepu Xumms CycnilbCcmed, 8aXJIUBUM € PO3YMIHHA NOMOYHO20
macwmaby memasceceimy ma noddsabluux HAC/TOKi8, 30kpema 018 cucmemu ocsimu. [IpoaHani3o8aHo pesynsmamu 00CTiOXeHb, WO
BUKOHYBAJIUCb HA NEPemUHi NOHAMb «iMMepCUBHULx, «<Memascecsim» ma «oceima (y pi3HUX HANUCAHHSAX i 3 PO3WUPEHHAM 00 KOHKDeMHUX
immepcugHux mextosnoeit, ak-om: AR, VR, MR), npedcmasneni y 6asi Haykosux nybnikauyili Scopus 3 akueHmom Ha nepiod 2018-2023 pokig. Y
cmammi npedcmassieHa Memodosiozis 8iobopy ma onpaytosaHHs 0aHux. lposedeHu 8id6ip daHux 6y10 0npaybo8aHo 30KpemMa Memooom
HAyKo8020 KAMYyBAHHA, W0 040 MOXusicmb 8udinumu 2asnysi, 8 AKUX € HAl6Inbwa Kinbkicme 00C/iOXeHb 3 06PAHOI MemMamuku;
K/acmepusygamu HaNpamu, y AKUX NPoBoOuIUCh DOCTIOXeHHA; asmopis, AKi aKMUBHO 3alimMarombCa 00CIOXYBAHOK MeMAaMUKoLo, a
MAKOX BU3HAYUMU NepcnekmugHi HaNPAMU NoOanbWux 00CioKeHb. 3a3HAYUMO, WO KOXeH i3 8UOiNieHUX HanpAMie 8UKOPUCMAHHA

Memaececeimy ma iMMepCUBHUX mexHos02iti 8 ocgimi Mae WupoKe KoJ10 numaHbe, Wo nompe6yfomb 271U6bWo20 HAyK08020 NOWYKY.

Knroyosi cnosa: immepcusHi mexHonozii; memascecsim; oceima

1. INTRODUCTION

Statement of the problem. The increased interest of
professional communities in virtual reality tools and artificial
intelligence technologies poses a challenge for researchers to
exploretheir potential applicationsand prospectsinvariousfields.
Educational technologies have long utilized various immersive
technologies, particularly virtual worlds, for practicing practical
skills among future professionals. The results of research on such
education are reflected in numerous publications. However,
these studies are conducted independently across different
sectors. Timeframes also matter, as technological development is
not linear; the attention of researchers gradually shifts or returns
to one technology or another. New terms emerge, either as
successors, combinations of technologies, or innovations. In the
pursuit of distinguishing their product among others, companies
seek new names. This also influences the terminology used.
Therefore, tracking general trends in the further development of
such technologies, as well as potential topics for further research,
will help direct future research in this field.

Scientists are continually seeking ways to enhance the
education system, enabling future professionals to best meet
labor market demands and possess well-developed soft skills
and hard skills. Universities must consider the pace of modern
technological advancements and their impact on various
aspects of societal life, particularly on the education system.
Among the actively evolving directions being implemented into
the education system are adaptive learning, STEM education,
educational systems based on augmented (AR), virtual (VR), or
mixed (MR) reality technologies, and extended reality (XR). The
implementation of immersive technologies (AR, VR, MR, XR) is a
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current and research-demanding topic.

Immersive technologies refer to a set of technologies based
on interaction with the virtual world, the so-called metaverse.
The use of immersive technologies is closely linked to other IT
technologies that have recently also experienced significant
growth due to technological advancements. Metaverses
could become a new step in the development of education,
harmoniously combining the achievements of pedagogical
and psychological sciences on the basis of new technological
solutions. It's important to instill in educators, especially future
teachers, an awareness of the rapid changes in the world, the
emergence of new digital tools, and the potential for using them
to develop students' competencies, support their growth, and
cultivate a reflective approach.

Analysis of recent research and publications. The use of
technologies, particularly immersive ones, in education is being
extensively explored by numerous researchers. The results and
various aspects of this direction are discussed at specialized
conferences of various levels. We have previously conducted a
study to determine the readiness level for the implementation of
STEM technologies, particularly robotics [19]. There are separate
studies related to the preparation of professionals in various
fields: virtual learning in construction [18], the captain's bridges
of maritime transport [24], flight simulators [2], athlete training
[10], treatment and training for aiding the injured [10; 22],
educating architects [21] - these are just a few examples that are
already being utilized in modern training centers and educational
institutions. However, the current state of implementing
immersive technologies into the education system as a whole
remains insufficiently researched.
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The research goal: based on the analysis of global research
results, to determine the state of implementation of immersive
technologies in the education system and identify promising
research directions.

2. MATERIALS AND METHODS

The research was conducted by us according to the following
plan:

1. Determination of the purpose, key questions, and
application areas.

2. Selection of the research methodology: choosing
scientific databases, defining key terms and selection criteria
for documents, data export; selecting tools for visualizing the
data obtained and searching for visual interpretations that
most clearly demonstrate key aspects of the selected data
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(relationships, correlations, etc.).

3. Analysis of the results obtained, formulating conclusions,
and determining prospective research directions.

We were interested in the level of interest within the
scientific community regarding the development of immersive
technologies and the metaverse as a natural extension and
combination of such technologies. A separate focus was on
investigating the use of immersive technologies in education:
development, implementation, best practices within the
education system, and other aspects.

Interest in immersive technologies is growing. The number
of scientific publications in the Scopus database using keywords
«metaverse» and «<immersive» has shown a significant increase
over the last two years (figure 1):

® & & &
2016 2017 2018 2019

>

2020 2021 2022 2023

U

Figure 1. Number of publications in the Scopus database using keywords “metaverse’, “immersive”

For the next phase of the research, we selected “immersive’,
"metaverse’, and “education” as the key terms. The research
encompassed various document types: articles, conference
papers, and reports.

Scopus, the bibliographic database, was chosen for

bibliographic analysis. Data selection was conducted on
November 1, 2023, using the chosen keywords from 2015 to
2023. Comparative analysis was performed for 2022 and 2023.
Table 1 presents the search results for the keywords “metaverse’,
followed by “metaverse & education”:

Table 1
Documents by subject areas according to the results
of the scan in all fields using the search “metaverse & education” (Source: Scopus)
2023 2022
Subject Metaverse n:zt:::t:ii& Metaverse n’é:t:::triien&
Number Number Number Number
1 2 3 4 5
1. Computer Science 1038 192 632 103
2. Engineering 642 112 338 63
3. Social Sciences 363 117 200 42
4. Decision Sciences 208 36 130 24
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Table 1 continued

1 2 3 4 5
5. Mathematics 201 51 140 19
6. Business, Management and Accounting 190 19 56 4
7. Arts and Humanities 98 5 69 3
8. Physics and Astronomy 92 10 87 14
9. Materials Science 89 1 60 10
10. Medicine 83 22 58 19
11. Economics, Econometrics and Finance 62 4 13 0
12. Energy 62 19 50 6
13. Psychology 61 6 30 5
14. Environmental Science 45 19 28 6
15. Chemistry 26 3 15 3
16. Chemical Engineering 25 5 13 3
17. Biochemistry, Genetics and Molecular Biology 21 3 12 1
18. Health Professions 19 2 7 3
19. Earth and Planetary Sciences 15 4 15 4
20. Multidisciplinary 14 7 8 0
21. Neuroscience 7 1 12 0
22. Nursing 7 4 4 2
23. Agricultural and Biological Sciences 4 1 7 2
24. Immunology and Microbiology 1 1 0 0
Total 1606 293 911 144

As anticipated, the field of Computer Science had the most
substantial number of results. In 2015, only 2 articles were
found in the Scopus database using the keyword «metaverse».
A significantly larger number of documents were found using

the queries “immersive” and “immersive & education”. There
was no substantial change in the ranking of fields based on the
number of documents in 2023. The search results for cimmersive
& education» are presented in tabl. 2:

Table 2
Documents by subject areas according to the results of the scan in all fields using the search “metaverse & education”
(Source: Scopus)
2023 2022
Subject Immersive Immersi.ve& Immersive Immersi'v e&
Education Education
Number Number Number Number
1 2 3 4 5
1. Computer Science 2060 400 2181 359
2. Engineering 1158 234 1337 240
3. Social Sciences 893 309 811 266
4, Medicine 401 129 403 86
5. Mathematics 397 87 553 0
6. Arts and Humanities 296 35 301 19
7. Physics and Astronomy 194 30 291 31
8. Psychology 193 30 230 26
9. Materials Science 160 24 136 15
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Table 2 continued

1 2 3 4 5
10. Business, Management and Accounting 159 25 151 28
11. Environmental Science 102 26 120 25
12. Neuroscience 90 4 128 0
13. Energy 89 32 m 23
14. Health Professions 83 32 92 21
15. Nursing 80 37 58 30
16. Chemical Engineering 75 16 64 10
17. Multidisciplinary 67 9 45 7
18. Biochemistry, Genetics and Molecular Biology 64 8 73 14
19. Agricultural and Biological Sciences 47 13 23 6
20. Chemistry 44 2 42 6
21. Earth and Planetary Sciences 41 9 59 16
22. Economics, Econometrics and Finance 38 8 21 6
23. Immunology and Microbiology 10 2 12 2
24. Pharmacology, Toxicology and Pharmaceutics 8 4 6 2
25. Dentistry 5 4 2 1
26. Veterinary 5 2 2 0
Total 3598 791 3729 684

It's worth noting that the number of publications dedicated
to researching various aspects of the metaverse significantly
increased from 911 in 2022 to 1606 in the incomplete data
for 2023. The number of publications concerning immersive
technologies remains almost the same: 3729in 2022 and 3598 in
the incomplete data for 2023.

From the analysis of 141 documents from 2018 to 2023 based
on our query, we identified a group of 39 authors involved in

researchin this field. Through scientific mapping using VOSviewer
(1.6.20), we distinguished 7 primary authors. For each author, the
overall strength of their collaborations with other authors was
calculated. Authors with the highest total connection strength
were filtered. Before moving to the network representation of
relationships among authors, the ranking of the most frequently
cited authors could be seen in the interface provided by the
software, as shown in figure 2:
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Figure 2. Authors meeting the selection criteria with the highest citation index
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The interface was sorted by the most cited author before  strength” criterion, indicating the number of publications where
mapping. Figure 3 displays the map based on the “total link  two key terms occur together.
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@Q, VOSviewer luimula, mika

Figure 3. Authors with the highest index based on the “total link strength” criterion

For a more in-depth analysis over the past 5 years, we OR “E-learning”]. We found 582 documents distributed across
conducted a search using the query ["Metaverse”1&[“Immersive”  various fields, among which 10 comprised the highest number
OR "Augmented Reality” OR “Virtual Reality” OR “Virtual Worlds”  of documents. The ten fields with the most documents found are
OR"“Second Life” OR“Immersion virtual reality” OR “Mixed Reality”  presented in figure 4:

OR “Avatars” OR “Digital Twins"] & [“Education” OR “Learning”

) . Oth
Materials Science Energy 10;r
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Figure 4. Top 10 fields by the percentage of relevant documents
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So, in the field of computer science, 396 documents meeting
the selection criteria were found; engineering - 239; social
sciences - 170; mathematics - 80; decision sciences - 74; arts
and humanities - 43; medicine - 42; physics and astronomy -
40; materials science - 29, and energy - 28. The first two subject
areas are naturally leading in this direction, as, besides the
experience of using immersive technologies and the metaverse
in education, part of the research is primarily dedicated to
software development, addressing technical issues, and only
then exploring possibilities for use, including in the learning
process.

27.FINDINGS

Based on the research conducted, groups of authors have
been identified who have been involved in comprehensive
studies in the field of immersive technologies and education
over the last five years. Let's focus on the most significant
research results that capture the state and various aspects in this
defined area.

It's noteworthy that among these documents, only two
articles belong to authors from Ukraine [13; 8]. Dyulicheva Yu.
and Glazieva A. explored certain tools for teachers and students
that enable the creation of educational games based on artificial
intelligence and immersion technologies without requiring
programming skills. The authors discuss their experiences using
services such as Scratch with Al abilities, Metaverse Studio for AR
applications development, Google Al, and others.

Authors Kryvenko |, Chalyy K. describe metaverse tools based
on Microsoft solutions to provide adaptive medical informatics
education considering modern technologies. As observed, the
issue of applying immersive media in Ukrainian educational
institutions has not found sufficient reflection in international
scientific publications. It's also important to note that a search
was conducted in the Scopus database using the query
“metaverse” AND “education” AND “immersive” AND “systematic”
AND “review” AND “Ukraine’, yielding no results. Similarly, the
query “Ukraine” AND “education” AND “immersive” AND “review”
found three documents, specifically collections from thematic
scientific conferences such as the eighth and ninth “Workshop
on Cloud Technology in Education” (2020, 2022), “AREdu 2021 -
Immersive technology today” (2021).

Among the articles dedicated to the content analysis of the
research problem, there are significant studies such as [10]. The
authors conducted an analysis of 32 studies focusing on the use
of augmented reality. Their findings concluded that science,
humanities, and arts in the education sector were the areas
where augmented reality was predominantly applied. However,
within the fields of healthcare, social welfare, education
(including teacher training), and agriculture, there was the least
representation of studies in this domain. Augmented reality was
predominantly employed in education for student motivation,
particularly within early childhood education and vocational
training (Vocational Educational Training (VET)).

In another study [12], the authors systematically analyzed 28
publications to explore the general characteristics of augmented
reality applications in STEM education. They identified that
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augmented reality is predominantly used in the teaching
and learning process of subjects like physics, mathematics,
chemistry, astronomy, and overall natural sciences. The authors
noted a positive trend in studying disciplines using augmented
reality. However, they highlighted a series of problematic issues,
including technical problems, usability, cost, and the specific
nature of the environment.

Another research paper [20] accentuates the changing role of
the metaverse in societal understanding. The authors emphasize
the shift in paradigm from the concept of the metaverse as a
second life to a new vision - where the metaverse is a social value
for the new generation. This change primarily results from the
integration of mobile devices and digital data into everyday life.
Blockchain, cryptocurrencies, non-fungible tokens (NFTs), and
social networks have become functionally necessary and socially
significant. The authors conduct an analysis of three metaverses
(Metaverse Ready Player One, Roblox, and Facebook) regarding
hardware, software, and content. The question of problems and
advantages of learning in the metaverse compared to traditional
education and the potential consequences of learning in the
metaverse is addressed in an article [11], prepared based on
the outcomes of conducting four workshops on learning in the
metaverse using virtual reality.

Authors of [5] analyzed the key trends in Metaverse research
and conducted an in-depth bibliometric analysis. They explored
the scholarly landscape of Metaverse research, focusing on
comparing tools for such analysis. Their findings revealed that
these two tools (Bibliometrix and VOSviewer) yield good results
for studying frequency data across multiple documents to
form a network of connections between keywords, identifying
and highlighting the primary research trends in the Metaverse
field. Additionally, they determined that the most common
themes in articles about the metaverse were computer science,
engineering, and social sciences. Keywords related to virtual
reality (VR), augmented reality (AR), blockchain, and the Internet
of Things (loT) were frequently used. Recent publications were
also concentrated on machine learning, deep learning, and
digital twins.

Adetailedanalysis of the content of thearticles was conducted
in the work of [27], which focused on the study of practical use
cases and potential advantages of XR in workplace collaboration.
Authors utilized the PRISMA protocol to analyze publications
from 2009 to 2020. They scrutinized approximately two hundred
scientific articles, through which they identified three primary
areas of XR application: design, remote collaboration, and
learning. Additionally, the authors delved into issues regarding
software for augmented reality world formation. The research
identified directions in XR studies: collaboration, work practices,
and knowledge transfer assessment. It was determined that
the primary applied research methods in publications were
traditional and included interviews and observations. The authors
highlighted the infrequent use of ethnography in research,
although it has the potential to aid in understanding the social
and material aspects of work in real working conditions.

Systematic review of 41 studies published from 2011 to
2022 in databases such as ACM Digital Library, Emerald, Google

Ne 5 (218) 2024 ||

m © Nataliya Kushnir, Nataliia Valko, Viacheslav Osadchyi

ISSN 2522-9729 (online)

\\_Gysackoro negarona )



maessssssssssssmmmmy” HABYAIOYUY —- BUNUMOCH

Scholar, IEEE, ScienceDirect, Springer, Taylor and Francis Online,
and Wiley Online Library was conducted in study [3]. The search
was conducted using keywords “Metaverse” or “Augmented
Reality” or “Virtual Reality” or “Virtual Worlds” or “Second Life”
or “Immersion virtual reality” & or “Mixed Reality” or “Avatars”
or “Digital Twin" & ["Education” or “Learning” or “E-learning"] &
["Students” or “pupil” or “learner’] & ["technology adoption” or
“technology acceptance”]. Their analysis confirmed that the
primary methods of data collection are surveys, interviews,
and experiments. It was also found that the majority of works
do not have a specific subject area. Among the dominant fields
are computer science, medicine, pilot training, and tourism
education. It was also found that most Metaverse studies
(83%) are conducted in higher education institutions, fewer
in school education. The authors attribute this to the target
audience of academic teaching of professional skills - students
and postgraduates. The frequency characteristics of factors
such as “Social impact/subjective norm, expected productivity,
expected effort duration, favorable conditions, imagined
pleasure, self-efficacy, immersion, imagined compatibility, user
satisfaction, imagination, interaction, imagined anxiety, and
personal innovativeness” are the most observed factors that
have successfully influenced the acceptance and adjustment of
virtual reality. One of the factors indicating the importance of
making decisions about the application of such technologies is
the relevance of synchronous or asynchronous learning.

Systematic review of 41 studies published from 2011 to
2022 in databases such as ACM Digital Library, Emerald, Google
Scholar, IEEE, ScienceDirect, Springer, Taylor and Francis Online,
and Wiley Online Library was conducted in study [3]. The search
was conducted using keywords “Metaverse” or “Augmented
Reality” or “Virtual Reality” or “Virtual Worlds” or “Second Life"
or “Immersion virtual reality” & or “Mixed Reality” or “"Avatars”
or “Digital Twins” & [“Education” or “Learning” or “E-learning”] &
["Students” or “pupil” or “learner"] & ["technology adoption” or
“technology acceptance”]. Their analysis confirmed that the
primary methods of data collection are surveys, interviews,
and experiments. It was also found that the majority of works
do not have a specific subject area. Among the dominant fields
are computer science, medicine, pilot training, and tourism
education. It was also found that most Metaverse studies
(83%) are conducted in higher education institutions, fewer
in school education. The authors attribute this to the target
audience of academic teaching of professional skills - students
and postgraduates. The frequency characteristics of factors
such as “Social impact/subjective norm, expected productivity,
expected effort duration, favorable conditions, imagined
pleasure, self-efficacy, immersion, imagined compatibility, user
satisfaction, imagination, interaction, imagined anxiety, and
personal innovativeness” are the most observed factors that
have successfully influenced the acceptance and adjustment of
virtual reality. One of the factors indicating the importance of
making decisions about the application of such technologies is
the relevance of synchronous or asynchronous learning.

The summary article [26] constructs a taxonomy to
characterize the metaverse as a guide for classifying metaverse
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services. The authors identified 4 layers, 10 dimensions, and 35
characteristics of the metaverse. The first level (platform) focuses
on user immersion and application in the virtual world. The
second level explores the virtual representation of people or
digital twins. The third level contains the necessary technology
and infrastructure for the functioning of the metaverse. The last
level provides blockchain services such as asset tokenization and
crypto services.

The discussion on the concept of the metaverse and its
creation became possible due to powerful computational
solutions, the development of cloud services, and access to
vast amounts of open data. The impetus for their development
was the quarantine restrictions in 2020 due to COVID-19. As a
result, several major companies, such as Microsoft (January
2022) and Facebook (November 2021), announced intensified
work on metaverse platforms for virtual communication and
interaction. According to research conducted by Microsoft [1],
European companies view IT technologies as factors for business
and economic development. Examples include new e-business
models, trade, digital currencies, and e-learning. The use of
technologies is directly linked to changes within companies and
the training of qualified professionals. Currently, educational
programs for a 3-year professional training in design for
immersive media (GiM) are being developed in the European
space [9].

The question of using such technologies in education is
controversial in educational discussions since the cost and
labor investment in content creation are currently greater than
the benefits these technologies provide. However, society
aims to create simpler interaction models with the real world
and enhance existing processes through content visualization
using technological advancements. Moreover, “with the growth
of investments in the metaverse, the necessary hardware and
software become more powerful and cheaper, and technology
firms have high expectations for this market”[17].

Researchers note that the broad range of metaverse
possibilities, including the virtual space offering real
representations, possibly enhances the social aspect of teaching
and learning, leading to growing interest among educators in this
technology [25]. Furthermore, according to the results of research
[14; 15; 25], the current generation of students and learners is
significantly more inclined to use technology in the educational
process. Generation Z (the new generation of “Virtual Natives”) is
more focused on artificial intelligence compared to Generation
X or Y. It is important to realize that one of the education
system's tasks is to instill critical thinking and responsible use of
technologies by future professionals. Technologies can positively
influence the formation of professional competence, provided
their usage is free from abuse in the education process, such as
artificial intelligence.

A'significant issue is investigating teaching scenarios. Ahmed
Tlili and others note that “there have been very few studies
dedicated to mobile learning, hybrid learning, and micro-
learning. Moreover, no studies have focused on the use of the
Metaverse in education for students with disabilities”[25, p. 1].

According to researchers, using the metaverse can expand
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learning opportunities by organizing practical education
through scenarios that are not accessible in the physical world.
This allows students to gain experience and feel the relevance
of the studied theory, combining creativity, educational, and
real experiences. Implementing these scenarios in higher
education could entirely change how traditional courses in
mathematics, physics, or chemistry are developed and taught

[7,p. 36-37).

Studies conducted in collaboration between university
professors, industry entrepreneurs, non-governmental organi-
zations, and students allowed for the formation of an interactive
two-way conceptual model in an immersive environment [16].
Researchers have identified social-cognitive factors of influence:
collective activities enhance socialization, engaging 4-D/5-D
visualization facilitates participant involvement, gamification
and experience of STEM/loT form empathetic knowledge and
moral consciousness through internalization, externalization,

and socialization.

28. CONCLUSIONS AND PROSPECTS FOR FURTHER

RESEARCH

The analysis of scientific publications has confirmed a
steady growth in the interest of researchers in immersive
technologies, not only in technical aspects but also in their
use in the educational process. There's an observed increase in
the number of publications dedicated to the metaverse, while
the number of publications about immersive technologies
remains almost unchanged. Moreover, there's an expansion of
subject areas in which these technologies are being used. The
international academic community presents systematic research
on immersive technologies in education, particularly in the

metaverse, dedicated to:

1. Application areas: collaboration, work practices, and

knowledge transfer evaluation.

1. A Guide to the Future. How companies across industries in Central and Eastern
Europe approach the digital revolution. (2023). Retrieved from https://info.
microsoft.com/rs/157-GQE-382/images/CE-DIGTRNS-CNTNT-content-
MGC0002953.pdf?fbclid=lwAR3KneHK5XFXMYpGzp1Wmjz_UZ3E8V50_

XMabaHLSUNwZwUaoHHNtIYEwBU.

2. Albeaino, G, Eiris, R., Gheisari, M., & Issa, R. R. (2022). DroneSim: a VR-based
flight training simulator for drone-mediated building inspections. Construction

Innovation, 22, 4, 831-848. DOI: 10.1108/CI-03-2021-0049.

3. Alfaisal, R, Hashim, H., & Azizan, U. H. (2022). Metaverse system adoption in
education: a systematic literature review. Journal of Computers in Education,
11, 259-303. Retrieved from https://link.springer.com/article/10.1007/540692-

022-00256-6.

4, Bacca, J, Baldiris, S., Fabregat, R., Graf, S., & Kinshuk. (2014). Augmented Reality
Trends in Education: A Systematic Review of Research and Applications.
Educational Technology & Society, 17, 4, 133-149. Retrieved from https://www.

jstor.org/stable/jeductechsoci.17.4.133

5. Brahimi, T, & Haneya, H. (2023). Mapping the Scientific Landscape of
Metaverse Using VOSviewer and Bibliometrix. 2023 20th Learning and
Technology Conference (L&T). IEEE. Retrieved from chrome-extension://
efaidnbmnnnibpcajpcglclefindmkaj/https://repository.effatuniversity.edu.
sa/bitstream/handle/20.500.14131/751/Dr_Tayeb_Manuscript_Metaverse_

Feb_19.pdf?sequence=1&isAllowed=y

6.  De Felice, F, Petrillo, A., lovine, G,, Salzano, C., & Baffo, I. (2023). How Does the
Metaverse Shape Education? A Systematic Literature Review. Applied Sciences,

13,9, 5682.DOI: 10.3390/app13095682.

2. Exploring the advantages over traditional learning, the
drawbacks, and risks.

3. Developing real-world experiences to solve problems.

4, Investigating the disciplines in which immersive
technologies are applied and finding effective ways to use them.

5. Identifying the optimal conditions and age categories for
using these technologies.

6. Analyzing metaverse content and comparing their
functional capabilities.

7. Exploring the underlying technologies in the metaverse
(Metaverse, VR, AR, MR, XR, Al, Cloud computing, Blockchain,
NFT, deep learning, digital twins, 14.0, loT, machine learning, loT).

8. Analyzing applications and devices.

However, each of these aspects requires further development,
scaling best practices for future professionals in different fields,
educational levels, and age categories. Metaverse technologies
are rapidly evolving, with an increasing number of technical and
software solutions whose costs are decreasing, posing one of
the barriers to their widespread use, especially in the education
system.

The implementation of immersive technologies in the
education system could result in a decrease in the number of
students who drop out due to the educational process not
meeting their expectations, improving the quality of vocational
training by using convenient technologies for students and
providing a deeper «immersion» in future professions and
acquiring professional experience.

Further research is needed on the models for structuring the
educational process for various professionals, especially future
teachers. It was also noted that the Ukrainian experience in using
immersive technologies in the education system is insufficiently
represented in the international academic community. Assessing
the state of implementing these technologies in Ukraine's
education system requires further research.
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