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Abstract

Background: The experience of virtual education during the COVID-19 pandemic resulted in
educational institutions accepting new educational environments. The present study aims to review
the existing research on the use of metaverse in education and its pros and cons.

Materials and Methods: Online databases PubMed, Scopus, Web of Science, PyscINFO, ERIC,
CIVILICA, and Google Scholar search engine were searched for related systematic reviews up to
February 2023. Two reviewers evaluated the quality of eligible studies and carried out the selection
procedure.

Results: Eight systematic reviews (involving 317 studies published from 2022 to 2023) were selected.
Learning with the metaverse has many advantages. It helps visualize materials and makes learning
more interactive, easier, and interesting for students, and aids educators in the learning process. Also,
the metaverse assists competency-based and inclusive education and blended learning and facilitates
the use of synchronous and asynchronous learning and methods such as flipped classrooms and
cooperative learning. However, it is associated with several limitations, such as the high cost of XR
equipment, lack of familiarity with XR and VR environments, inadequacy of the underlying
infrastructure for the educational metaverse, and low accessibility. Metaverse also entails risks,
including issues with privacy and data security, ethics, and morality, as well as the possibility of
addiction and mental health complications. The metaverse is a pathway and not a goal, and physical
schools and their activities cannot be completely replaced with the metaverse.

Conclusion: The metaverse is simply a tool to improve services without completely replacing the real
world. Future development is needed to maximize the advantages of the metaverse as a learning
platform and counter its limitations.
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1- INTRODUCTION

The experience of virtual education
during the COVID-19 pandemic created
conditions for educational institutions to
accept new educational environments. In
today’s world, remote work, online
meetings, distance learning, online
shopping, and similar activities have
become a part of people’s lives (1-3). As a
result, the human desire to expand the
boundaries of the physical world and to
live in and experience a more advanced
virtual world has intensified (4). Virtual
reality (VR), and augmented reality (AR)
are highly promising technologies in
education fields, which combine the real
and virtual worlds. This virtual world is
called the metaverse (4, 5). The term
“metaverse” was introduced in the 1992
science fiction novel Snow Crash as
a portmanteau of “meta” (meaning
“beyond”), and “verse” (the root of
“universe”) (6-8). In this novel, humans
could freely access a 3D space that
reflected the real world through digital
agents (avatars), and could interact with
each other (9).

The metaverse development is often linked
to advancing virtual reality technology
following the increasing demand for
immersion (10-12). It received renewed
interest following the announcement that
the social media giant Facebook is
rebranded and positioned as Meta (13).
Metaverse is a hypothesis of the next
generation of the Internet, which consists
of a decentralized and stable online 3D
virtual environment (14, 15). It is a digital
world that can be accessed through the
virtual environment and is created through
the integration of physical and digital
reality (16). From an educational point of
view, the metaverse offers advanced
immersion experiences in the virtual space
along with an interactive learning
experience for students where they can
share their experiences. Metaverse is an
interactive and scalable network of 3D
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virtual worlds presented in real time that
can be accessed simultaneously by an
unlimited number of people while
maintaining a sense of personal presence.
So that students really feel that, they are
present in the real environment (17). This
way, the metaverse allows students to
interact face-to-face in a virtual classroom
without being physically present. Using
avatars in the metaverse creates the
possibility to interact with the virtual
environment (18). The wuse of the
metaverse in educational and training
processes to create new learning
environments that allow learners to
function in a parallel, safe, and
personalized reality is gaining ground (19-
22). Metaverse is a virtual world that
humanity will face in the near future (18).
The metaverse provides innovative
perspectives for education, but the
challenges associated with its use, as well
as the benefits, should be considered.

Due to the growth of the metaverse
technology in various fields and the
importance of using it in education, the
present study aimed to explore the existing
systematic reviews of the metaverse in the
educational field. It also discusses
opportunities, advantages, challenges, and
risks related to this novel technology.

2- MATERIALS AND METHODS
2-1. Data sources

In this overview, a systemic search of
electronic  databases  Medline  (via
PubMed), Scopus, Web of Science,
EMBASE, PyscINFO, ERIC, CIVILICA,
SID, Magiran, and Google Scholar search
engine was performed with no time limit
up to February 2023. The following
keywords were used alone or in
combination:  “Metaverse,  Education,
Students, Educators, Pros, and Cons”. The
studies were written in English or Persian.

2-2. Inclusion criteria
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Inclusion criteria were the existing
systematic  reviews  describing  the
metaverse in education written in English
or Persian.

2-3. Study selection

A database search was done for suitable
studies, abstracts of the studies were
screened for identification of eligible
studies, full-text articles were obtained and
assessed, and a final list of eligible studies
was made. This process was done
independently and in duplication by two
reviewers, and any disagreement was
resolved by a third reviewer.

3-RESULTS

A total of eight systematic reviews
(involving 317 studies published from
2022 to 2023) were selected. The
combined results of included studies
indicated several pros and cons of using
the metaverse in education. The main
characteristics of the selected studies are
summarized in the following:

1. A systematic review (in 2023, n=17
articles) aimed to analyze the existing
research on using the metaverse in
education. The results showed that
metaverse has the potential to enrich and
transform education, increase learning
outcomes, and enhance  students’
engagement and motivation. However, the
use of metaverse in education is in its
infancy, and further research and
experiments should be carried out at all
educational levels and populations to
assess its impact and improve its
effectiveness. In addition, designing valid
instruments is necessary to evaluate the
educational experiences generated within
the metaverse (23).

2. A systematic review (in 2022, n=41
articles) aimed to evaluate the research on
metaverse in education from the viewpoint
of information system (1S) theories/models
for a thorough pointer to help scholars
carry out further research on metaverse
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acceptance. The results showed that the
Technology Acceptance Model (TAM)
was the most widely used model for
predicting people’s intentions to uphold
the metaverse system. Also, SmartPLS
(PLS-SEM) was a typical tool for
validating metaverse models. In most of
the evaluated research, university students
were the primary respondents concerning
data acquisition (24).

3. A systematic review (in 2022, n=22
articles) aimed to examine the studies on
the use of metaverse technology in
education, to analyze the changing
understanding of its use in education over
the years, and to investigate the reflections
of the concept of metaverse in education.
The results showed that all studies reached
conclusions about the beneficial aspects of
using metaverse in educational settings.
The findings indicated that with the
metaverse, a participatory and sustainable
learning environment could be created, and
the efficiency of the learning process could
be maximized. Metaverse can facilitate the
use of synchronous and asynchronous
learning and other methods such as the
flipped classroom and  cooperative
learning. It can introduce fun into learning
to provide motivation and cooperation and
ensure  students’ attendance. The
metaverse contributes to the development
of trust, awareness, communication skills,
interaction, product creation, and team
management processes. In the studies
included in the systematic review,
metaverse technology appeared in two
different  contexts:  three-dimensional
computer  software-based = metaverse
platforms and digital reality-based
metaverse  platforms.  Metaverse s
perceived today as virtual worlds where
people exist and interact through their
avatars, created by computers connected
by blockchain technology and powered by
digital reality technologies (25).

4. A systematic review (in 2022, n=30
articles) aimed to discover the possibilities,
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effectiveness, advantages, and
disadvantages of learning with the
metaverse. The results showed that the
metaverse could be an effective learning
tool as learning in the metaverse has many
advantages: it helps visualize materials,
makes learning more interactive, easier,
and interesting for students, and aids
teachers in the learning process. However,
there are also some limitations, such as the
cost of the device needed to support the
metaverse, even though there are more
advantages to using the metaverse in
education as a learning tool. Future
development is needed to maximize the
metaverse advantages and counter its
limitations as a learning platform (26).

5. A systematic review (in 2023, n=84
articles) aimed to explore the potential of
the metaverse in education and other
fields. The results showed that the
metaverse  presented a  promising
opportunity for educational innovation,
particularly in fields that require hands-on
experience and practical training. The
economy of the metaverse is predicted to
reach over 824% billion by 2030.
Organizations currently investing in this
technology are posited to win the
innovation race. However, the metaverse
can only reach its full potential if
organizations work together to create an
open, safe, sustainable, and all-
encompassing environment that
encourages innovation and translates into
value for all involved. This will require
huge technological investments and
adaptations, sophisticated content creation
tools, and large servers to maintain system
stability and create a truly immersive
experience (27).

6. A systematic review (in 2023, n=42
articles) aimed to determine the prevalence
and current conditions of the metaverse
technology in education. The results
showed that research interest in metaverse
technology has significantly increased in
the last ten years, peaking in 2022.
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Augmentation and simulation are the most
prominent uses of metaverse technology in
the learning process (28).

7. A systematic review (in 2023, n=31
articles) aimed to explore the results of
using the metaverse as a virtual space in
education and the response of educators
and students to the process and to evaluate
the advantages and disadvantages of
virtual  educational spaces in the
metaverse. The results showed that the
students mostly enjoyed using the
metaverse as their learning method and
could comprehend several lessons better
when using the metaverse than traditional
learning-textbook-based and face-to-face
learning. In general, the authors concluded
that the metaverse has excellent potential
to be explored in education due to the
development of skills in the use of
technology and a significant increase in
student practice scores. However, the
guidance of teachers and parents is still
needed so that students can avoid the
disadvantages (29).

8. A systematic review (in 2023, n=50)
aimed to review the existing literature to
investigate how, why, where, and when the
metaverse can be used for educational
purposes and discusses the opportunities,
challenges, and risks related to this novel
technology. The results of a critical review
of the literature suggested that there were
both pros and cons of using the metaverse
in education. Educators should consider
the potential disadvantages of the
metaverse, including privacy breaches and
security risks, as well as possible
addictions and the development of mental
health issues, among others. Students and
educators can use the metaverse to engage
in a simulated digital universe that could
reconfigure their sensory inputs and
definitions of space, time, and points of
access to information. In addition, the use
of the metaverse in education can create
infinite possibilities to enhance their
knowledge, competencies, and abilities
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through its immersive applications.
However, it also raises awareness of
possible challenges in the short term as
well as other risks associated with the
prolonged use of this promising
technology (30).

4- DISCUSSION

This study aimed to explore the
existing systematic reviews on the
metaverse in the educational field. Based
on the existing research, learning with the
metaverse has many advantages: it helps
visualize materials and make learning
more interactive, easier, and interesting for
students and aids educators in the learning
process. In addition, the metaverse assists
competency-based and inclusive education
and blended and language learning.
However, there are also some limitations,
such as the high cost of XR equipment and
a lack of familiarity with XR, inadequate
infrastructure to support the educational
metaverse, and inaccessibility to everyone
with the current technology. Also, the risks
of the metaverse, including privacy and
data security breaches, ethics and morality
issues, and possible addictions and the
development of mental health problems,
should not be ignored.

In the past few decades, the education
sector has undergone significant changes.
Educators have improved their teaching
methods to match the pace with the rapidly
evolving technological sphere, moving
forward from word-of-mouth explanations
and blackboard drawings/sketches to
digital smart classes. Today’s teaching
practices aim solely at students’ learning
and focus on creating an engaging and
immersive environment where they can
learn concepts better (2, 3). With online
learning becoming mainstream, especially
after the pandemic, the education sector is
now dominantly focused on integrating
immersive technologies into academic
curricula to make learning fun and
engaging. The metaverse is one such focus
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for educationalists across the globe (18,
19). It aims to involve students in an
immersive experience where they can
participate in fun activities, making
learning more entertaining (31, 32).

The metaverse is a three-dimensional
virtual world that integrates aspects of
online gaming, social media, VR, and AR
to create a space where users can interact
virtually (20).

Based on the existing research, the
metaverse is made of several key
components, including:

. Avatars: Avatars are digital
representations of users that can be
customized and personalized to reflect
their identities. They can be designed to
resemble real people, animals, or
imaginary creatures.

= Environments: Environments are
virtual spaces that can be designed to
mimic real-world environments or create
new ones. They can range from a
classroom or a lecture hall to a virtual
museum or a laboratory.

. Objects: Objects are digital items
that can be interacted with in the virtual
space. They can include anything from
books and documents to scientific
equipment and laboratory tools (33).

The key metaverse components that are
beneficial for education are discussed
below:

. Augmented reality

Augmented reality helps create digital
versions of real-life objects with various
specifications. The mixed reality (of both
physical and digital worlds) enhances the
learning for students. AR can be accessed
through smartphones as well. For example,
it can help students with medical imaging
for surgeries or get a 3D visualization of
an architectural plan. In the metaverse, AR
is used to layer real-life elements. Various
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real-life landscapes are built into the
metaverse using augmented reality.

= Mirror worlds for metaverse in
education

It is possible to mirror the real world as a
virtual reality through the metaverse. Real-
world geography can be mirrored and
spread out in the metaverse so that anyone
can go anywhere. Google Earth is an
example of a mirror world with realistic
visualization. Mirror worlds in the
metaverse can act as reflections of the real
world that are informationally enhanced.

. Realistic lifelogging

Lifelogging promotes self-learning by
allowing students to create their learning
resources through documentation.
Technologies such as VR let people
document daily life in more than one way.
Capturing, storing, and sharing everyday
experiences, events, and interactions at an
advanced level of reality helps the learning
process be more dynamic than rote static
textbook information. Students can feed
their status into the system accompanying
art and self-expression, which becomes a
“pbackup memory” that will remain
available forever. A real-life example of
lifelogging is smartwatches with health
and mood trackers.

. Interactive virtual reality

In the metaverse application, digital
avatars of students and teachers can
interact with each other just like in real life
through VR digital spaces. Virtual
experiences in the metaverse are unlimited,
and virtual spaces can have their own
economy (34, 35).

As Gartner (2022) predicted, nearly 30%
of people will spend two hours a day in the
metaverse  for work, entertainment,
education, and socialization by 2027 (36).
In the age of communication and emerging
technologies, the metaverse can provide
great possibilities and innovations for
education (4), as it offers a unique
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opportunity to revolutionize the way that
students learn and interact  with
information (37).

The metaverse is based on three main
features: presence, interactivity, and
standardization. Presence means that all
metaverse users feel that they are present
in a shared virtual world and can interact
with other people. This feeling will
increase the quality of online interactions.
Interactivity means users in the metaverse
world should be able to have multiple
interactions between other users and
objects. Standardization refers to the
synchronization of the  metaverse
infrastructure ~ with  other  platforms.
Standardization helps the possibility of
interoperability in the metaverse become
operational. Another feature of the
metaverse is the simultaneity of
interactions and communications, high
speed or instant, stability or the possibility
of constant access, and eliminating the
costs of the physical world. The metaverse
allows learners to have more opportunities
to experience, explore, teach, and learn in
the new world as well as work and interact
(38). A review of the use of metaverse
systems in education showed that
according to the principles of the
metaverse, the virtual learning
environment could simulate the law of
dynamic evolution in natural phenomena
and its processing process. In this
structure, a space is provided where online
and offline education are integrated,
emphasizing the integration of different
learning styles. Establishing powerful
interactions is the most important indicator
that separates online learning through the
metaverse from other traditional online
education models (39).

Some potential uses of the metaverse in
higher education include:

. Remote learning: The metaverse
can provide a way for students to attend
virtual classes and interact with their peers
and instructors from anywhere in the
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world, regardless of physical distance.
This can help address the challenges of
remote learning and provide more
flexibility for students.

" Immersive learning: The
metaverse can create immersive and
interactive learning environments that can
help students understand complex concepts
and theories better. For example, a virtual
laboratory could allow students to conduct
experiments that are too dangerous or
expensive to perform in the real world.

. Collaborative  learning:  The
metaverse can facilitate collaboration and
teamwork among students, allowing them
to work together on projects and
assignments in a virtual space. This can
help develop important skills such as
communication, problem solving, and
leadership.

. Personalized learning:  The
metaverse provides personalized learning
experiences that can adapt to the needs and
learning styles of individual students. For
example, a virtual tutor could provide
personalized feedback and guidance to
students based on their performance and
progress.

. Accessible learning: The
metaverse can provide a way for students
with disabilities or special needs to access
education in a more inclusive and
accessible way. For example, a virtual
classroom could provide closed captions,
sign language interpretation, or other
accommodations to support students with
hearing or visual impairments (37- 41).
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Based on the existing research, the
metaverse has great potential in the
educational field to be explored further.
Figure 1 shows the framework of the
metaverse in education. Using metaverse
as a platform for learning-teaching
activities has plenty of advantages,
including:

" Assisting in experiments that could
be risky, irreversible, or toxic in the real
world (e.g., an experiment with a potential
risk of explosion);

. Assisting in experimental
conditions and scientific phenomena that
could not be possible in the real world
(e.g.,, an experiment that needs to
be carried out in a vacuum);

. Assisting in experiments associated
with high costs and funding in the real
world (e.g., an experiment that needs
expensive equipment and materials);

. Assisting in experiments that react
slowly or need long-term observations and
records in the real world (e.g., an
experiment needs learners to observe and
record the whole growth stage of an
insect); and

. Enabling competency-based
education. Competency-based education
(CBE) is a leading paradigm for
educational reform in the vocational
education and training (VET) sector,
where the competencies (e.g., knowledge
and skills) needed in later vocational
practice form the foundation for
curriculum development rather than the
general academic subjects (29, 32, 40-44).
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Figure 1: The framework of the metaverse in education (32).

Based on existing research, there are also
challenges associated with the use of the
metaverse in education, including:

" High equipment costs

VR hardware is costly, and not everyone
can afford it, meaning that some students
cannot enroll in virtual classes. Also, given
the rapid pace of technological
development, it is likely that any
equipment  purchased will  become
outdated and obsolete in a short time.

. Data privacy and security
concerns

In the metaverse, teachers and students are
required to submit substantial personal
information, such as image, physical
condition, and metrics regarding student
performance and personal characteristics.
In addition, educators and learners run the
risk of having their materials and content
plagiarized in the metaverse space.

= Addiction

Learners who experience difficulties with
self-control may get too involved in a
virtual world and become unwilling to
switch back to real life. The reason is that
immersive virtual environments may seem
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too perfect and entertaining, causing
learners to ignore or give up on real-life
communication.

= Technical limitations

The  metaverse requires  advanced
technologies like VR and AR, which can
be expensive and require significant
computing power. Additionally, technical
issues like latency and network
connectivity can influence the user
experience.

. Digital literacy skills

The metaverse requires digital literacy
skills, including the ability to navigate
virtual environments and use digital tools
effectively. This can be a barrier for some
users, particularly those who are less
familiar with the technology.

. Ethical and legal considerations

The metaverse raises several ethical and
legal considerations, such as issues around
intellectual property, content moderation,
and data privacy. These issues need to be
addressed to ensure that the metaverse is
used responsibly and in a way, that
protects users’ rights and interests.
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. Social and cultural implications

The metaverse can affect social and
cultural norms, as well as the sense of
identity and community. These
implications need to Dbe carefully
considered to ensure that the metaverse
promotes diversity, equity, and inclusion
(32, 45-50).

The metaverse has the potential to
revolutionize higher education by offering
a more engaging and dynamic learning
environment.

Some benefits of using metaverse in
teaching and learning, include:

. The metaverse offers opportunities
for immersive and interactive learning
experiences that can be difficult to recreate
in traditional classrooms.

. Metaverse-based simulations and
role-playing activities can enhance critical
thinking, problem-solving, and
collaboration skills.

" The metaverse can facilitate
student-centered and personalized learning
through customizable avatars and adaptive
learning technologies.

However, the implementation of the
metaverse in teaching and learning
requires consideration of accessibility and
technical infrastructure (26, 45, 46, 51,
52), as well as a new education platform. It
needs extensive research before the
implementation into the education system.
For now, the metaverse is only used for
some subjects in education, requiring good
bandwidth, a good computer, and an
adequate server. Rapid technological
improvement, however, predicts that the
metaverse could be the future of education
(26). Technological developments are
inevitable, and people must learn to use
them wisely to exploit the highest benefit,
particularly in education. Nevertheless,
technology, including the metaverse, is a
pathway and cannot be an end in itself.
Therefore, the physical school and its
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activities cannot be completely replaced by
the metaverse (28). However, the
metaverse proposes a promising future for
the advancement of teaching and learning.
The integration of novel technologies such
as virtual reality, augmented reality, mixed
reality, artificial intelligence, and cloud
computing in  teaching  activities
significantly enhances and deepens the
effectiveness of bilateral interactions.
Consequently, this increases teaching
performance considerably (52).
Nevertheless, the use of metaverse in
education is in its infancy, and more
research and experiments should be carried
out at all educational levels and
populations to assess its impacts and
improve its effectiveness. In addition, the
need for designing valid instruments to
evaluate the educational experiences
generated within the metaverse is evident
(23, 24, 37).

5- CONCLUSION

Metaverse connects the physical world
with virtual (digital) life. It is the world of
avatars and the next generation of 3D
Internet. Based on the existing results, the
metaverse presents the opportunity for
educational innovation, particularly in
fields that require hands-on experience and
practical training. Learning using the
metaverse has many advantages: it helps
visualize materials and makes learning
more interactive, easier, and interesting for
students, and aids teachers in the learning
process. In addition, the metaverse can
facilitate the use of synchronous and
asynchronous learning, as well as methods
such as the flipped classroom and
cooperative learning. The metaverse
assists  competency-based  education,
inclusive education, blended learning, and
language learning. If  implemented
carefully and correctly, the technology
could enhance or transform the overall
learning experience. It could also
accelerate the learning speed, establish an
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inclusive environment for everyone, and
make it possible to acquire practical skills
in non-hazardous conditions. However, the
metaverse is also associated with
limitations such as the high cost of XR
equipment, lack of familiarity with XR and
VR environments, inadequacy of the
underlying infrastructure to support the
educational metaverse, and inaccessibility
to everyone. The use of metaverse in
education is in its infancy, and more
research and experiments should be carried
out at all educational levels and
populations to assess its impact and
improve its effectiveness. In addition, the
need for designing valid instruments to
evaluate the educational experiences
generated within the metaverse is evident.
The risks of the metaverse, including
privacy and data security breaches, ethics
and morality issues, addiction, and the
possibility of mental health problems,
should not be ignored. The metaverse is a
pathway and not a goal, and the physical
schools and their activities cannot be
completely replaced by the metaverse.

5- AUTHORS’ CONTRIBUTIONS

Study conception or design: FS and MS; Data
analyzing and draft manuscript preparation:
MH, KS, and AM; Critical revision of the
paper: FS; Supervision of the research: FS and
MS; Final approval of the version to be
published: FS, MH, KS, AM, and MS.

6- CONFLICT OF INTEREST: None.
7- REFERENCES

1. Niknaee, A., Miremad, S.,
Salmannejad, H., Khalili Samani, N.,
Babakhanian, F., Piri, S., Akhavan, H.
Worldwide Students’ Satisfaction with Virtual
Education during the COVID-19 Pandemic: A
Systematic Review. Medical Education
Bulletin, 2022; 3(1): 351-362. doi:
10.22034/meb.2021.320974.1043

2. Koo, H. Training in lung cancer
surgery through the metaverse, including
extended reality, in the smart operating room

Med Edu Bull, Vol.4, N.2, Serial No.12, Jun. 2023

of Seoul National University Bundang
hospital, Korea. J. Educ. Eval. Health Prof.
2021;18: 33. doi: 10.3352/jeehp.2021.18.33.

3. Kim, J. H., Lee, B. S., and Choi, S. J.
A study on metaverse construction and use
cases for non-face-to-face education. J.
Converg. Cult. Technol. 2022; 8: 483-97. doi:
10.17703/JCCT.2022.8.1.483.

4, Thomason, J. (2022). Metaverse,
token economies, and chronic diseases. Global
Health J. 2022:6: 164-67. doi:
10.1016/j.glohj.2022.07.001.

5. Euronews. (2022). Educating in the
metaverse: Are virtual reality classrooms the
future of education?
https://www.euronews.com/next/2022/01/14/e
ducating-in-the-metaverse-are-virtual-reality-

class rooms-the-future-of-education

6. Zenou, Theo. "A novel predicted the
metaverse (and hyperinflation) 30 years
ago". The Washington Post. ISSN 0190-8286.
Retrieved September 7, 2022.

7. Ball, Matthew. The Metaverse: and
How it Will Revolutionize Everything.
Liveright Publishing. ISBN 978-1-324-09204-
9, 2022.

8. Stephenson, N. Snow Crash. New
York: Bantam Books. 1992.
ISBN 10: 0553351923 ISBN 13: 9780553351
927.

9. Zhao, Y., Jiang, J., Chen, Y., Liu, R,
Yang, Y. Xue, X., et al. Metaverse:
perspectives from graphics, interactions and
visualization. Visual Informat. 2022; 6: 56—67.
doi: 10.1016/j.visinf.2022.03.002

10. Brown, Dalvin. "What is the
'metaverse'? Facebook says it's the future of
the Internet”. The ~ Washington Post.
Retrieved November 1, 2021.

11. Antin, Doug. "The Technology of the
Metaverse, It's Not Just VR".The
Startup. Archived from the original on October
25, 2021. Retrieved October 25, 2021.

12. Neiger, Chris. "Virtual reality is too
expensive for most people-but that's about to
change". Business Insider. Archived from the
original on October 25, 2021.

740


https://www.washingtonpost.com/history/2022/06/30/snow-crash-neal-stephenson-metaverse/
https://www.washingtonpost.com/history/2022/06/30/snow-crash-neal-stephenson-metaverse/
https://www.washingtonpost.com/history/2022/06/30/snow-crash-neal-stephenson-metaverse/
https://en.wikipedia.org/wiki/The_Washington_Post
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/0190-8286
https://books.google.com/books?id=pdZKEAAAQBAJ&q=%22snow+crash%22
https://books.google.com/books?id=pdZKEAAAQBAJ&q=%22snow+crash%22
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-1-324-09204-9
https://en.wikipedia.org/wiki/Special:BookSources/978-1-324-09204-9
https://www.washingtonpost.com/technology/2021/08/30/what-is-the-metaverse/
https://www.washingtonpost.com/technology/2021/08/30/what-is-the-metaverse/
https://www.washingtonpost.com/technology/2021/08/30/what-is-the-metaverse/
https://en.wikipedia.org/wiki/The_Washington_Post
https://medium.com/swlh/the-technology-of-the-metaverse-its-not-just-vr-78fb3c603fe9
https://medium.com/swlh/the-technology-of-the-metaverse-its-not-just-vr-78fb3c603fe9
https://web.archive.org/web/20211025222109/https:/medium.com/swlh/the-technology-of-the-metaverse-its-not-just-vr-78fb3c603fe9
https://www.businessinsider.com/why-is-virtual-reality-so-expensive-2016-9
https://www.businessinsider.com/why-is-virtual-reality-so-expensive-2016-9
https://www.businessinsider.com/why-is-virtual-reality-so-expensive-2016-9
https://web.archive.org/web/20211025222534/https:/www.businessinsider.com/why-is-virtual-reality-so-expensive-2016-9

Shoaee et al.

13. Tlili, A., Huang, R., Shehata, B. et
al. Is Metaverse in education a blessing or a
curse: a combined content and bibliometric
analysis. Smart Learn. Environ. 2022; 9: 24.
https://doi.org/10.1186/s40561-022-00205-X.

14. Fannin, Rebecca. "Hong Kong's 'Mr.
Metaverse' on why he's placing a big Web3 bet
against Mark Zuckerberg". CNBC.
Retrieved April 26, 2022.

15. The Metaverse Requires a Whole New
Vocabulary to Navigate
Web3". Bloomberg.com.  April 8, 2022.
Retrieved April 26, 2022.

16. Wang, J.; Wang, T.; Shi, Y.; Xu, D,
Chen, Y.; Wu, J. Metaverse, SED Model, and
New Theory of
Value. Complexity 2022, 2022, 4771516.

17. 14. Almarzougi, A.; Aburayya, A.;
Salloum, S.A. Prediction of User’s Intention to
use Metaverse System in Medical Education:
A Hybrid SEM-ML Learning Approach. IEEE
Access 2022; 10: 43421-434.

18. Lee, H.; Woo, D.; Yu, S. Virtual
Reality Metaverse System Supplementing
Remote Education Methods: Based on Aircraft
Maintenance Simulation. Appl. Sci. 2022; 12:
2667. https://doi.org/10.3390/app12052667.

19. Hong Lin, Shicheng Wan, Wensheng
Gan, Jiahui Chen, Han-Chieh Chao. Metaverse
in Education: Vision, Opportunities, and
Challenges.

Computers and  Society. 2022 IEEE
International Conference on Big Data (Big
Data). doi:
10.1109/BigData55660.2022.10021004.

20. Kathy Hirsh-Pasek, Jennifer M. Zosh,
Helen Shwe Hadani, Roberta Michnich
Golinkoff, Kevin Clark, Chip Donohue, et al.
A whole new world: Education meets the
metaverse.2022, Available from
https://www.brookings.edu/articles/a-whole-

new-world-education-meets-the-metaverse/.

21. Sanaa Kaddoura, Fatima Al Husseiny.
The rising trend of Metaverse in education:
challenges,  opportunities, and ethical
considerations. PeerJ Comput Sci. 2023; 9:
e1252. doi: 10.7717/peerj-cs.1252.

22. Zhuoqi Teng, Yan Cai, Yu Gao, Xiying
Zhang, Xinlong  Li. Factors  Affecting

Med Edu Bull, Vol.4, N.2, Serial No.12, Jun. 2023

Learners’ Adoption of an Educational
Metaverse Platform: An Empirical Study
Based on an Extended UTAUT Model.
Hindawi Mobile Information Systems Volume
2022, Article ID 5479215, 15 pages
https://doi.org/10.1155/2022/5479215.

23. Lo6pez Belmonte J, Pozo-Sénchez S,
Moreno-Guerrero  AJ, Lampropoulos G.
Metaverse in education: A systematic review.
Revista de Educacion a Distancia (RED),
2023; 23 (73). doi:
http://dx.doi.org/10.6018/red.511421.

24. Alfaisal, R., Hashim, H. & Azizan, U.H.
Metaverse system adoption in education: a
systematic literature review.J. Comput.
Educ. (2022). https://doi.org/10.1007/s40692-
022-00256-6.

25. Saritas, M. T. & Topraklikoglu, K.
Systematic literature review on the use of
metaverse in education. International Journal
of Technology in Education (NTE), 2022;
5(4):586-607.
https://doi.org/10.46328/ijte.319.

26. Zonaphan, K. Northus, J. Wijaya, S.
Achmad and R. Sutoyo, "Metaverse as A
Future of Education: A  Systematic
Review," 2022 8th International HCI and UX
Conference in Indonesia (CHIuXiD), Bali,
Indonesia, 2022, pp. 77-81, doi:
10.1109/CHIuXiD57244.2022.10009854.

27. De Felice F, Petrillo A, lovine G, Salzano
C, Baffo I. How Does the Metaverse Shape
Education? A Systematic Literature
Review. Applied Sciences. 2023; 13(9):5682.
https://doi.org/10.3390/app13095682.

28. Samala, A. D., Usmeldi, Taali, Ambiyar,
Bojic, L., Indarta, Y., Tsoy, D., Denden, M.,
Tas, N., & Dewi, I. P. (2023). Metaverse
Technologies in Education: A Systematic
Literature Review Using
PRISMA. International Journal of Emerging
Technologies in  Learning (iJET), 2023;
18(05): 231-52.
https://doi.org/10.3991/ijet.v18i05.35501.

29. Onggirawan CA, Kho JM, Kartiwa AP,
Anderies, Gunawan AAS.  Systematic
literature review: The adaptation of distance
learning process during the COVID-19
pandemic using virtual educational spaces in

741


https://www.cnbc.com/2022/04/14/mr-metaverse-on-why-hes-placing-a-web3-bet-against-mark-zuckerberg.html
https://www.cnbc.com/2022/04/14/mr-metaverse-on-why-hes-placing-a-web3-bet-against-mark-zuckerberg.html
https://www.cnbc.com/2022/04/14/mr-metaverse-on-why-hes-placing-a-web3-bet-against-mark-zuckerberg.html
https://www.bloomberg.com/news/articles/2022-04-08/what-s-the-metaverse-web3-terms-for-a-new-virtual-world
https://www.bloomberg.com/news/articles/2022-04-08/what-s-the-metaverse-web3-terms-for-a-new-virtual-world
https://www.bloomberg.com/news/articles/2022-04-08/what-s-the-metaverse-web3-terms-for-a-new-virtual-world
https://arxiv.org/search/cs?searchtype=author&query=Lin%2C+H
https://arxiv.org/search/cs?searchtype=author&query=Wan%2C+S
https://arxiv.org/search/cs?searchtype=author&query=Gan%2C+W
https://arxiv.org/search/cs?searchtype=author&query=Gan%2C+W
https://arxiv.org/search/cs?searchtype=author&query=Chen%2C+J
https://arxiv.org/search/cs?searchtype=author&query=Chao%2C+H
https://pubmed.ncbi.nlm.nih.gov/?term=Kaddoura%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Al%20Husseiny%20F%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10280453/
https://doi.org/10.7717%2Fpeerj-cs.1252
https://revistas.um.es/red/index
http://dx.doi.org/10.6018/red.511421
https://doi.org/10.46328/ijte.319
https://doi.org/10.3390/app13095682

Metaverse in Education

metaverse. Procedia Comput Sci. 2023; 216:
274-83. doi: 10.1016/j.procs.2022.12.137.

30. Camilleri, M.A. "Metaverse applications in
education: a systematic review and a cost-
benefit analysis", Interactive Technology and
Smart Education, 2023; Vol. ahead-of-print
No. ahead-of-
print. https://doi.org/10.1108/ITSE-01-2023-
0017.

31. Singh, J., Malhotra, M., Sharma, N.
Metaverse in Education: An Overview.
Applying Metalytics to Measure Customer
Experience in the Metaverse, 2022; 135-142.
DOI: 10.4018/978-1-6684-6133-4.ch012.

32. Zhang X, Chen Y, Hu L, Wang Y. The
metaverse in education: Definition,
framework, features, potential applications,
challenges, and future research topics. Front
Psychol. 2022 Oct 11;13:1016300. doi:
10.3389/fpsyg.2022.1016300.

33. Sun J, Gan W, Chao H-C, Yu PS.
Metaverse: Survey, applications, security, and
opportunities. ACM Comput. Surv. 1, 1
(October 2022), 35 pages.
https://doi.org/10.114.

doi: 10.48550/arXiv.2210.07990.

34. Rahul A R. Metaverse use cases and
applications: What to expect in 2022?
Published: 14 Feb, 2022. Awvailable from
https://coinfactory.tech/metaverse-use-cases-
and-applications-what-to-expect-in-2022/.

35. A Detailed Guide to the Metaverse in
Education. Published: 5 January 2023.

36. Gartner. Predicts 2022: 4 Technology Bets
for Building the Digital Future.
https://www.businesswire.com/news/home/20

220207005085/en.  (Accessed August 06,
2022).

37. Prakash A, Haque A, Islam F, Sonal D.
Exploring the Potential of Metaverse for
Higher Education: Opportunities, Challenges,
and Implications. Metaverse Basic and
Applied Research [Internet]. 2023 Apr. 26
[cited 2023 Jul. 12]; 2:40. Available from:
https://mr.saludcyt.ar/index.php/mr/article/vie
w/40.

38. Hwang, G. J., & Chien, S. Y. Definition,
roles, and potential research issues of the
metaverse in  education: An artificial

Med Edu Bull, Vol.4, N.2, Serial No.12, Jun. 2023

intelligence  perspective. Computers and
Education: Artificial Intelligence, 100082,
2022. DOI:10.1016/j.caeai.2022.100082.

39. PourMohammadBagher L, Safar Abadi N.
An overview on the use of metaverse systems
in education. Technology of Instruction and
Learning 2023; 5(18):71-96. DOl:
10.22054/jti.2023.72479.1373.

40. Wu, H.-K,, Lee, S. W.-Y., Chang, H.-Y.,
and Liang, J.-C. Current status, opportunities
and challenges of augmented reality in
education. Comput. Educ. 2013;62:41-9. doi:
10.1016/j.compedu.2012.10.024.

41. Kye B, Han N, Kim E, Park Y, Jo S.
Educational applications of metaverse:
possibilities and limitations. J Educ Eval
Health Prof. 2021;18:32. doi:
10.3352/jeehp.2021.18.32. Epub 2021 Dec 13.

42. Gamage, K. A. A., Wijesuriya, D. I.,
Ekanayake, S. Y., Rennie, A. E. W., Lambert,
C. G., and Gunawardhana, N. Online delivery
of teaching and laboratory practices:
continuity of university programmes during
COVID-19 pandemic. Educ. Sci. 2020;
10:291. doi: 10.3390/educsci1010029.

43, D. Pimentel, G. Fauville, K. Frazier, E.
Mcgivney, S. Rosas, E. Woolsey. Learning in
the Metaverse: A Guide for Practitioners
Letter from the Authors”, Meridian Treehouse,
2022. https://bit.ly/3Qj7ewY (accessed June
28, 2022).

44. Inceoglu, M. M., Ciloglugil, B. Use of
metaverse in education. In International
Conference on Computational Science and Its
Applications 2022; pp. 171-84. Springer,
Cham. https://doi.org/10.1007/978-3-031-
10536-4_12.

45. Crespo-Pereira, V., Sanchez-Amboage, E.,
& Membiela-Pollan , M. Facing the challenges
of metaverse: a systematic literature review
from social sciences and marketing and
communication. Profesional De La
informacion, 2023; 32(1).
https://doi.org/10.3145/epi.2023.ene.02.

46. Prakash A, Haque A, Islam F, Sonal D.
Exploring the Potential of Metaverse for
Higher Education: Opportunities, Challenges,
and Implications. Metaverse Basic and
Applied Research [Internet]. 2023 Apr. 26
[cited 2023 Jul. 10]; 2: 40.

742


https://www.emerald.com/insight/search?q=Mark%20Anthony%20Camilleri
https://www.emerald.com/insight/publication/issn/1741-5659
https://www.emerald.com/insight/publication/issn/1741-5659
https://doi.org/10.1108/ITSE-01-2023-0017
https://doi.org/10.1108/ITSE-01-2023-0017
http://dx.doi.org/10.48550/arXiv.2210.07990
https://mr.saludcyt.ar/index.php/mr/article/view/40
https://mr.saludcyt.ar/index.php/mr/article/view/40
http://dx.doi.org/10.1016/j.caeai.2022.100082
https://doi.org/10.1007/978-3-031-10536-4_12
https://doi.org/10.1007/978-3-031-10536-4_12

Shoaee et al.

47. Hennig-Thurau, T., Aliman, D.N., Herting,
A.M.et al Social interactions in the
metaverse: Framework, initial evidence, and
research roadmap.J. of the Acad. Mark.
Sci. 51, 2023; 889-913.
https://doi.org/10.1007/s11747-022-00908-0.

48. Justin Cho, Mandy Claudia tom Dieck,
Timothy Jung. "What is the Metaverse?
Challenges, Opportunities, Definition, and
Future Research Directions," Springer
Proceedings in Business and Economics, in:
Timothy Jung & M. Claudia tom Dieck &
Sandra Maria Correia Loureiro (ed.), Extended
Reality and Metaverse, 2023; 3-26, Springer.
doi: 10.1007/978-3-031-25390-4 1.

49. Shiya Liu. The Security Challenges of the
"Metaverse". Security and Safety, 2023; 2:1-3.
doi: 10.1051/sands/2023010.

Med Edu Bull, Vol.4, N.2, Serial No.12, Jun. 2023

50. Said GRE. Metaverse-Based Learning
Opportunities and Challenges: A
Phenomenological Metaverse Human—
Computer Interaction Study. Electronics
[Internet] 2023;12(6):1379.
doi.org/10.3390/electronics12061379.

51. Gaston Sanglier Contreras, Aurora
Hernandez Gonzalez, Inés Serrano Fernandez,
Carmen B. Martinez Cepa, Juan Carlos Zuil
Escobar. The Importance of the Application of
the Metaverse in Education. Modern Applied
Science, 2022; 16(3): 34-40.
doi:10.5539/mas.v16n3p34.

52. PourMohammadBagher, L., & Safar abadi,
N. An overview on the use of metaverse
systems in education. Technology of
Instruction and Learning, 2022; 5(18): 71-96.
doi: 10.22054/jti.2023.72479.1373.

743


https://ideas.repec.org/h/spr/prbchp/978-3-031-25390-4_1.html
https://ideas.repec.org/h/spr/prbchp/978-3-031-25390-4_1.html
https://ideas.repec.org/h/spr/prbchp/978-3-031-25390-4_1.html
https://ideas.repec.org/s/spr/prbchp.html
https://ideas.repec.org/s/spr/prbchp.html
https://ideas.repec.org/b/spr/prbuec/978-3-031-25390-4.html
https://ideas.repec.org/b/spr/prbuec/978-3-031-25390-4.html
https://www.researchgate.net/scientific-contributions/Shiya-Liu-2251339297?_sg%5B0%5D=0UM5XZIWXKdF61mdTIBFmlSB3viw-9KD8Hhkl8nAFQk85aYdRhYojgBlorqGgoQLnOWwspc.RwgPBlLqQrV9R0bhHOIgAyYcH-r71Tx2mgqTgHBJeCTu90VmMKuB1nMagoZFL6doGCQ2kaE4OqzZN--bE02TxQ&_sg%5B1%5D=e7u7PXZUGAnZMi-wo6mYekpSJ1Dqyx7ZJ-5iAbJKUYN0uw71k2QKUrBBNTYEfyXGQP1QwO4.zqQQnTBzHy3miGDBP4ANGYaetSiaVNwYiki8UldRHAUN3X4-CVjGObpRVt-WOFmiUgpZRN2qeZ5Sa9hDafFq5w
http://dx.doi.org/10.1051/sands/2023010

