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ABSTRACT

Since Facebook announced itself as Meta, the metaverse has been popular with educationalists.
However, scanty studies have bibliographically analyzed the use of the metaverse in education. This
study complements the missing link in the literature by bibliometrically analyzing the research into
the use of the metaverse in education using both VOSviewer and CitNetExplorer. The study identified
the top authors, organizations, countries, keywords, documents, sources, the research trends, and
challenges of the metaverse used in education, together with the effects of the metaverse on learning
environments, interactions, educational outcomes, and learning attitudes. This study paves a solid
ground and provides a meaningful reference for future research in the use of the metaverse in education.
Implications for future research were also provided.
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INTRODUCTION

The concept of the metaverse has been defined in various ways since its inception in Neal Stephenson’s
novel (1992). The term “meta” in metaverse signifies transcendence or virtuality, while “verse” refers
to a universe or world. In the context of education, the metaverse refers to a virtual reality space that
can be accessed through digital technologies. It offers enhanced interactivity and immersion, allowing
students to engage in learning activities and communicate synchronously with others. However, this
term remains vague and encompasses diverse elements related to learning, teaching, 3D environments,
and online educational technologies.

The use of the metaverse in education has rapidly evolved from games for entertainment purposes
to serious games for educational purposes, providing both challenges and opportunities for teachers and
learners. With the advancement of extended reality, including virtual reality, augmented reality, and
mixed reality, the metaverse has gained attention as an innovative technology with potential benefits
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for education. However, its implementation requires ethical codes, interdisciplinary cooperation, and
adequate training to avoid posing a significant challenge for educators and learners. Nevertheless,
there has been a lack of comprehensive exploration of these issues.

While some review studies (Table 1) have explored the evolution, publication trends, possibilities,
limitations, anatomy education, and healthcare system in the field of the metaverse used in education,
little is known about its effects on educational outcomes, interactions, and learning attitudes in mobile,
blended, and situated learning environments. Therefore, it is crucial to conduct bibliographic analysis
on the use of the metaverse in terms of these variables in the field of education.

LITERATURE REVIEW

With a growing number of information technologies used in education, researchers are holding a
more intense interest in the metaverse. This section aims to propose research questions by reviewing
previous studies on the use of the metaverse in education.

Virtual and Real Environments

The metaverse can provide various environments to improve educational outcomes. The
metaverse aims to establish a virtual platform independent of the real world via a variety of
digital technologies such as virtual reality, augmented reality, deep learning, cloud computing,
and big data. The metaverse can benefit teaching and learning in most disciplines, especially in
the context of blended learning and teaching (Hines & Netland). The most important use of the
metaverse in education is that it can provide immersive and interactive environments for teachers
and learners, synchronously satisfying them in both physical and virtual environments. The
metaverse can create the immersive environments where users can interact with digital avatars,
enhancing the learner-centered education and enriching learners’ learning experiences (Suh
& Ahn, 2022). The metaverse can identify learners’ emotional changes, and enhance learners’
cognition, immersion, and interactivity by supporting English language learning and teaching
networks (Guo & Gao, 2022).

Interactions in the Metaverse

Interactions can be enhanced due to the multiple functions of the metaverse. The metaverse and virtual
environments can act as an effective digital instrument to enhance interactions in learning and teaching
in a university, where both synchronous and asynchronous interactive methods can facilitate knowledge
delivery and acquisition, enhanced by mobile, collaborative, or flipped pedagogical approaches
(Diaz et al., 2020). The metaverse such as Second Life can be used as a platform where game-based
education can be implemented (Getchell et al., 2010), improving interactions in educational practice.
Interactions through the metaverse can stimulate students’ interest and improve the knowledge
exchange, and opinion sharing, leading to improved educational outcomes.

Table 1. A comparison between previous review studies and the current research

Publications Highlights
Tlili et al., 2022 Evolution, publication trends, types, educational fields, and digital identity
Kye et al., 2021 Possibilities and limitations
Iwanaga et al., 2022 The metaverse in anatomy education
Bhugaonkar et al., 2022 The trend of the metaverse in the healthcare system
The current study Bibliometric analyses
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Educational Outcomes Through the Metaverse

The metaverse can improve educational outcomes in both virtual and physical environments. The
rapid development of digital technologies has pushed forward the use of virtual technologies and
the immersive metaverse environments in the education of Physics Mechanics among students at the
Universidad Militar Nueva Granada (Jaramillo-Mujica et al., 2017). The metaverse platforms can
provide learners with the skills to build virtual environments which may simulate learning experiences
in the real world and overcome barriers due to the COVID-19 pandemic. The integration of virtual
reality into the metaverse can complement the shortcomings of online education and produce higher
educational outcomes than the video-based training method (Lee et al., 2022). The metaverse platform,
VoRtex, can provide virtual environments for learners to collaborate and interact with each other,
simulating the real-world learning activities and improving online learning effectiveness (Jovanovic
& Milosavljevic, 2022). The metaverse, e.g. Second Life, can facilitate blended learning and enhance
learning activities on different educational levels (Kanematsu et al., 2014).

Learning Attitudes Toward the Use of the Metaverse

Users tend to hold positive learning attitudes toward the metaverse used in education. The metaverse
technologies can provide education, navigation, and mobile services. Mobile metaverse applications
have been gaining popularity due to their convenience and accessibility (Lee et al., 2022), leading to
positive learning attitudes of users. A combination of artificial intelligence with the metaverse can
improve physical education, coupled with educational convenience and positive learning attitudes.
The 360-degree football teaching assisted with the metaverse can improve teaching strategies and
effectiveness, and facilitate the integration of artificial intelligence into football education (Li et al.,
2022). The metaverse and computer games can be used in education, assisted with virtual reality and
physical reality technologies (Schlemmer & Marson, 2013), leading to enhanced entertainment and
positive learning attitudes toward the use of the metaverse. Virtual reality can be associated with the
metaverse platforms to sustain educational outcomes, enhance learning adaptability, and cultivate
positive learning attitudes (Lee & Hwang, 2022).

Until present, there have been few studies conducting a bibliographic review on and a chronological
trend in the use of the metaverse in education. Researchers thus proposed the following research
questions to complement the missing links in previous studies and reveal the potential challenges in
the use of the metaverse in education:

RQ1: What is the chronological research trend of the use of the metaverse in education?

RQ2: What are the top ten authors, organizations, and countries in the studies on the use of the
metaverse in education?

RQ3: What are the top ten keywords, documents, and sources in the studies on the use of the metaverse
in education?

RQ4: What educational environments can the metaverse create?

RQ5: Can the use of the metaverse enhance interactions?

RQ6: Can the use of the metaverse improve educational outcomes?

RQ7: Can the use of the metaverse cultivate positive learning attitudes toward education?

RQ8: What are the challenges in the use of the metaverse in education?

METHODS

This study will employ techniques from online databases, VOSviewer, and CitNetExplorer to address
research questions. Using specific syntactic rules, researchers will retrieve results from the Core
Collection of Web of Science. Results will be visualized by bar charts displaying publication years
with the largest number of results. The online database will process data with an embedded algorithm
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to show yearly trends in metaverse research for educational purposes. This serves as useful reference
for researchers and practitioners.

Bibliographic analysis will be conducted using CitNetExplorer and VOSviewer. Both tools
cluster documents and analyze results. CitNetExplorer clusters documents based on citation networks
and analyzes results on individual level, while VOSviewer analyzes clustering results on collective
level. Visualization enhances analysis of clustering results. Top authors, organizations, countries,
keywords, documents, and sources will be analyzed using VOSviewer. CitNetExplorer will analyze
highlights of visualized literature.

RESULTS
RQ1: What is the chronological research trend of the use of the metaverse in education?

On October 7, 2022, researchers retrieved 121 results from the Core Collection of Web of Science
for “metaverse*” and “educat* OR learn* OR teach*” topics. The obtained literature comprises
Highly Cited Papers (n=1), Review Article (n=11), Early Access (n=10), Open Access (n=68), and
Enriched Cited References (n=39), published between 2007 and 2022. The main citation topics include
Human Computer Interaction (n=18), Education & Educational Research (n=9), Remote Research &
Education (n=6), Management (n=6), and Communication (n=4). The primary document types include
article (n=69), proceeding paper (n=35), review article (n=11), early access (n=10), and editorial
material (n=4). The leading author affiliations comprise Clarkson University (n=3), Suzuka College
(n=3), Augmented Knowledge Corporation (n=2), Centre National De La Recherche Scientifique
C.N.R.S. (n=2), Gifu University (n=2), Hubei Normal University (n=2), and Inha University (n=2).
Figure 1 illustrates the specific years when the relevant publications were retrieved.

As depicted in Figure 1, investigations concerning the application of the metaverse in educational
contexts commenced in 2007 with a limited number of studies (n=2). Subsequently, the quantity of
studies remained relatively low and exhibited fluctuations until 2021 when a modest increase was
observed (n=11). However, in 2022, there was a significant surge in the number of studies related to
metaverse education, with a total of n=69 studies conducted until October of that year. Notably, the
majority of these studies focused on topics such as Human Computer Interaction (n=13), Literary
Theory (n=2), Robotics (n=2), Security Systems (n=2), Remote Research & Education (n=2),
Geometrical Optics (n=2), and Social Psychology (n=2). Nevertheless, bibliometric analyses of
studies on the use of the metaverse for educational purposes have been scarce. Therefore, conducting
bibliometric analyses on this topic is imperative.

Figure 1. Visualization of the yearly publications in the metaverse in education
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RQ2: What are the top ten authors, organizations, and countries in the studies on the use of the
metaverse in education?

To provide a clear direction for researchers, identifying the top authors, organizations, and
countries in the field of metaverse education based on citations is crucial. Using bibliographic data
files and conducting co-authorship analysis, researchers utilized VOSviewer to create a map and
generate a list of the top ten authors, organizations, and countries based on full counting (Table 2).
The results revealed that certain authors and organizations have received high citation rates, indicating
their significant contributions to the field and highlighting a trending research topic. These findings
offer valuable references for both researchers and practitioners interested in exploring the application
of the metaverse in educational contexts.

RQ3: What are the top ten keywords, documents, and sources in the studies on the use of the metaverse
in education?

To provide additional references for researchers and practitioners, the present study identified the
top keywords, documents, and sources based on occurrences and citations (Table 3). By examining
frequently occurring keywords, researchers and practitioners can gain insights into the latest research
trends and critical issues in the field. Moreover, the top documents and sources can offer guidance in
exploring relevant literature and focusing on seminal works that may provide useful directions. Notably,
the 2012 21st International Conference on Computer Communications and Networks has garnered
significant attention from researchers, establishing a “hot research cycle.” Therefore, researchers and
practitioners are encouraged to pay special attention to the documents presented at this conference
when conducting their literature reviews.

On October 7, 2022, the researchers conducted a search in the Core Collection of Web of Science
using the keywords “metaverse*” (topic) and “educat* OR learn* OR teach*” (topic), excluding early
access articles (n=10). The search yielded 111 results. The top publications included IEEE Access
(n=6), Sustainability (n=5), Electronics (n=4), 2022 IEEE Conference on Virtual Reality and 3D
User Interfaces Abstracts and Workshops VRW 2022 (n=3), Applied Sciences Basel (n=3), Procedia
Computer Science (n=3), 6th International Conference of Education Research and Innovation ICERI
2013 (n=2), British Dental Journal (n=2), Human Centric Computing and Information Sciences (n=2),
IBERIAN Conference on Information Systems and Technologies (n=2), IEEE Global Engineering
Education Conference (n=2), Information (n=2), International Journal of Emerging Technologies
in Learning (n=2), Journal of Educational Evaluation for Health Professions (n=2), Lecture Notes
in Business Information Processing (n=2), Proceedings of the 3rd European Conference on Games
Based Learning (n=2), and Sensors (n=2).

Figure 2 illustrates the citation networks stemming from Stephenson’s groundbreaking novel
(1992), which coined the term “metaverse” and envisioned its transformation from imagination
to reality. Despite its utopian portrayal in fiction, the concept of the metaverse has evolved into
a heterotopia that connects the virtual world with the real world, as per scientific opinion. This
novel presents seemingly limitless possibilities for the metaverse while also considering the ethical
implications of its development in education, economics, and cultural communication. The original
exploration of the metaverse laid a solid foundation for its educational applications by seamlessly
blending virtual and real worlds. As evidenced in Table 4, it is thus unsurprising that Stephenson’s
novel is the most frequently cited literature and serves as a trailblazer in the use of the metaverse for
educational purposes.

Using clustering techniques in CitNetExplorer, the literature obtained was classified into a single
cluster focused on the application of the metaverse in education. Given that only one cluster was
identified, it is apparent that relatively fewer studies have been conducted on this topic. Specifically,
the top 100 cited publications from 1993 to 2008 contained few studies investigating the use of the
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Table 2. The top ten authors, organizations, and countries based on citations

Total Total
N Author Document | Citation Link N Author Document | Citation Link
Strength Strength
1 | Allison, Colin | 2 1273 5 6 | Boushzala, 1 33 2
Imed
2 | Miller, Alan | 2 1273 5 7 | De Vreede, 1 33 2
Gert-Jan
3 | Oliver, Tain | 2 1273 5 g | Limayem, 1 33 2
Moez
Barry, Dana Fukumura,
4 M 4 33 21 9 Yoshimi 4 31 23
Kanematsu, Dietrich,
3 Hideyuki 4 33 2 10 Nicolas ! 30 !
Total Total
N | Organization | Document | Citation Link N | Organization | Document | Citation Link
Strength Strength
University of Korea
! St Andrews 2 1273 ! 6 University ! 30 !
p | Clarkson 4 33 15 7 | Selone. 1 30 1
University University
University of Université de
3 Nebraska ! 3 ! 8 Toulouse ! 30 !
National
Institute of
University of Technology
4 South Florida ! 33 ! ? (KOSEN), 3 2 12
Suzuka
College
Agrupamento Nagaoka
5 | de Escolas 1 30 1 10 | University of | 2 21 7
Jodo de Deus Technology
Total Total
N Country Document | Citation Link N Country Document | Citation Link
Strength Strength
1 | Scotland 2 1273 1 6 | Japan 8 34 7
2 | South Korea 21 91 31 7 | Portugal 2 30 1
3 | USA 17 72 33 8 | China 20 22 37
4 | Columbia 6 39 4 9 | Spain 10 21 33
5 | France 4 35 30 10 | England 8 16 26

metaverse in education. However, since 2009, researchers have gradually increased their interest
in exploring the educational potential of the metaverse, culminating in a peak in related studies in
2022. The retrieved publications suggest that the metaverse has the potential to create immersive
and intelligent environments (e.g., Marmaridis & Griffith, 2009; Park & Kim, 2022), enhance
interactions (Park, 2021), foster positive attitudes toward learning (Almarzougqi et al., 2022), and
improve educational outcomes (Anacona et al., 2019).
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Table 3. The top ten keywords, documents, and sources based on occurrences and citations

Total Link Total Link
N All Keywords Occurrence iz N All Keywords Occurrence Sz
1 | Metaverse 63 508 6 Education 11 106
2 | Virtual reality 22 200 7 Artificial intelligence | 9 101
3 | Augmented reality 15 160 8 Mixed reality 8 90
4 | Virtual worlds 13 121 9 Virtual-reality 7 77
5 | Second life 13 79 10 | Avatar 7 71
N Document Citations Links N Document Citations Links
. Gonzalez Crespo
1 | Oliver (2012) 1264 0 6 2013) 15 1
2 | Boughzala (2012) 33 0 7 Kanematsu (2014) 11 6
3 | Park (2022b) 30 5 8 Siyaev (2021a) 11 3
4 | Estudante (2020) 16 1 9 Kye (2021) 11 2
5 | Hassouneh (2015) 15 1 10 | Kanematsu (2010) 10 3
N Source Document Citations | N Source Document Citations
2012 21
international
| | conference 1 1264 6 | Sustainability 5 15
on computer
communications and
Networks
2 | IEEE Access 6 33 7 | ExpertSystems with 15
Applications
Journal of the ;gte:l;t?fnélme in
3 | association for 1 33 8 urnal of BMEgng | 13
. . Technologies in
information systems .
Learning
. Journal of Educational
4 Journalv of Chemical 1 30 9 Evaluation for Health | 2 12
Education !
Professions
Knowledge-based and
Journal of Electronic Intelligent Information
5 1 16 10 > . 1 11
Commerce Research & Engineering
Systems

RQ4: What educational environments can the metaverse create?

The metaverse offers a range of collaborative, smart, immersive, and synthetic environments
for educational purposes. Metaverse technologies can establish a platform where smart learning
environments connect both physical and virtual worlds. For instance, in the metaverse, a digital-twin
smart home serves as a vital platform for immersive communication between the physical and virtual
world (Yang et al., 2022). Synthetic learning environments in the metaverse can provide abundant
learning resources and social networks, integrating learners into educational systems (Pinchuk et al.,
2017). Metaverse-based learning can significantly enhance learning and teaching effectiveness by
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Figure 2. Citation networks of obtained the top 100 cited publications via CitNetExplorer

12 sme’snn
1933

207 corfibfiera baftel
m lapez-fllffardez
oréfiben il

2
i ik . & i@ . . rostighosi @ odlieo &b

Table 4. Highlights of visualized literature in the highly cited publications

Item Publication Nu'mb.e r of First Author Title
Year Citations
Pioneer 1992 10 Stephenson, N. Snow Crash
Highest citation 1992 10 Stephenson, N. | Snow Crash
score
A Metaverse: Taxonomy, Components,
Most recent 2022 3 Park, S.M. Applications, and Open Challenges

Topic Starting from a coined term in the novel, the metaverse has been developed to contain hardware,
discussion software, and contents based on user interaction, implementation, and application.

Overall The metaverse can greatly influence society and human beings, but it is limited to sustainability,
conclusion hardware, software, development, and open challenges.

providing immersive and 3D learning environments, thus improving learner experiences (Marmaridis
& Griffith, 2009). Through the integration of various technologies, the metaverse can change
imagination into reality, creating diverse learning environments and activities such as survival
scenarios, maze exploration, multiple-choice assessments, running, and chasing games (Park & Kim,
2022). The metaverse, with its educational potential and technological capabilities, can offer novel
solutions to meet the evolving needs of modern education.

RQ5: Can the use of the metaverse enhance interactions?
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The metaverse has the potential to enhance interactions and improve educational outcomes.
By providing social networks, the metaverse can facilitate interaction in foreign language learning,
allowing learners the freedom to develop their imagination (Liu & Zhang, 2011). Through enhanced
interactions, the metaverse can improve collaborative and dynamic learning environments, thereby
enhancing learning motivation and efficiency (Tarouco et al., 2013). Interactions in the metaverse occur
between real, virtual, and mixed targets, with mixed interactions establishing a learning community
where learners can communicate, learn, and share despite different venues and geographical barriers
(Araya et al., 2018). For example, two metaverse platforms, Second Life and Solipsis, can improve
multilingual interactions and enhance language learning outcomes (Cruz-Lara et al., 2011). By
bridging the gap between physical and virtual realities, the metaverse can blur the differences between
virtual reality and physical reality using technologies such as augmented reality, virtual worlds, and
serious games. Furthermore, the metaverse can enhance Korean language educational outcomes by
improving interactions (Park, 2021). The metaverse offers unique opportunities for learners to interact,
collaborate, and learn, ultimately improving educational outcomes.

RQ6: Can the use of the metaverse improve educational outcomes?

The metaverse presents a range of modern teaching methods through virtual reality technologies
that can improve educational outcomes (Anacona et al., 2019). Integrating social networks into the
metaverse has the potential to significantly enhance educational outcomes (Ribeiro et al., 2013).
A platform utilizing virtual reality, augmented reality techniques, deep learning technologies, and
metaverse content can identify learners’ satisfaction levels, learning experiences, and presence in
the learning environment (Cho et al., 2022). The use of augmented reality technologies based on
the mobile metaverse has proven effective in improving mathematics performance among students
in Mexico (Reyes, 2020). In problem-based metaverse classes, avatars with blinking systems can
identify users’ emotions and responses to challenging mathematics problems, enabling teachers to
adopt appropriate teaching strategies to improve learning outcomes (Barry et al., 2015). Through the
integration of various technologies, the metaverse holds considerable potential for revolutionizing
traditional teaching methods and improving educational outcomes.

RQ7: Can the use of the metaverse cultivate positive learning attitudes toward education?

The majority of literature on the use of the metaverse in education reports positive learning
attitudes. In the United Arab Emirates, students’ satisfaction with the metaverse positively predicts
their intention to use it for medical education (Almarzougqi et al., 2022). Students who have experienced
metaverse-based learning evaluate its role in learning more positively than traditional and room-based
synchronous learning (Nishino et al., 2012). The use of metaverse-based virtual reality technologies
can effectively transmit Chinese culture to students and provide an animated experience of the culture
(Shen, 2022). This virtual-real experience with cultures undoubtedly cultivates positive learning
attitudes toward the use of the metaverse in education. Culture-integrated learning experiences can
enhance learners’ confidence in their cultural identity, thereby strengthening their positive attitudes
toward the use of the metaverse in education.

RQ8: What are the challenges in the use of the metaverse in education?

Despite its potential benefits, the use of the metaverse in education is still confronted with
numerous challenges. Improper interactions and inappropriate device usage may result in negative
educational outcomes (Cheong & Lee, 2022). Teachers may be unfamiliar with metaverse-based
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teaching methods, and limited training has been implemented to address this issue. More collaboration
and experiences are necessary to improve metaverse-based educational outcomes, given that
interdisciplinary teaching based on the metaverse has seldom been practiced. Another concern is
the ethical use of the metaverse in education, as personal information, identity, and privacy appear
difficult to protect within a metaverse context. Cultural shock may also pose a potential threat to
the efficacy of metaverse-based learning environments (Ortega-Rodriguez, 2022). Addressing these
challenges is crucial for maximizing the potential benefits of the metaverse in education while
minimizing potential risks.

Researchers should also consider various challenges related to the use of metaverse technologies
in education, including societal and political issues, communication and collaboration, education and
learning, technology, and ethics and law (Hendaoui et al., 2008). The use of the metaverse may require
users to shift between augmented and virtual technologies, resulting in high costs and significant
inconvenience in education. Moreover, data collection based on individual learning behaviors and
personal information can exacerbate concerns about privacy and security. Crimes may occur and be
challenging to detect due to the online anonymous identity in the metaverse. To address these issues,
a double-check avatar system may be necessary to filter suspicious behaviors. Furthermore, it may
be essential to establish a metaverse world with ethical standard reminders, where avatars can set up
models for learners to abide by ethical criteria (Park & Kim, 2022). Addressing these challenges is
critical for enhancing the effectiveness and safety of metaverse-based education.

DISCUSSION

It is evident that the metaverse can offer educational benefits with regards to environments, interactions,
learning outcomes, and attitudes. The use of the metaverse requires the creation of virtual and
physical environments that represent one another simultaneously. With proper digital competencies,
educators can combine virtual and physical environments to enhance educational outcomes (Tlili
et al., 2022). Metaverse technologies are equipped with sensing abilities that enable lower-cost and
sensitive capturing techniques in virtual environments, effectively supervising student attendance
and encouraging their participation in learning activities (Wang et al., 2022). Log data collected in
metaverse environments can also help teachers supervise students’ learning behaviors and encourage
active participation in learning activities when necessary. Furthermore, the metaverse has demonstrated
its efficacy in improving educational outcomes by connecting real and virtual environments and
enhancing learning outcomes in simulated virtual environments (Siyaev & Jo, 2021b).

The Lifelogging Metaverse combines augmented reality with communicative interactions (Siyaev
& Jo, 2021a) to provide timely feedback and enhance educational outcomes (Kye et al., 2021).
The platform allows students to retrieve abundant data and exchange information with their peers.
Convenient interactions and 3D virtual reality technologies motivate students to acquire knowledge
through the metaverse (Pereira et al., 2015). Teachers can offer a plethora of learning resources on the
metaverse platform that students can download or share freely and conveniently (Diaz et al., 2020).
Social networks on the metaverse platform enable students to interact with each other and obtain
information from peers, enhancing collaborative learning effectiveness (Diaz et al., 2020).

Interactions are a crucial factor that can be enhanced by the use of the metaverse, resulting in
improved educational outcomes. Non-verbal cues exhibited by metaverse avatars, such as gestures,
body movements, eye contact, gaze, and facial expressions, can enhance interactions in educational
contexts (Bailenson et al., 2002). The combination of virtual and physical realities can further improve
learning interactions, which can be leveraged to enhance education and improve outcomes. The rich
learning experiences, strong customization, ostensive creativity, and high security offered by the
metaverse can strengthen learning interactions, enhance motivation, encourage learning engagement,
and outperform traditional learning methods (Cai & Liu, 2022). However, the use of the metaverse
in education also poses potential risks. For instance, the risk of personal information revelation
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remains higher and more difficult to resolve through the use of metaverse technologies compared to
traditional learning methods.

The metaverse provides a solid foundation for student-centered education and cultivates positive
learning attitudes based on the constructivism theory (Clark, 2018). Learning experiences and
attitudes are connected to learners’ perceptions of new knowledge and information through metaverse
technologies, enhancing their positive attitudes toward the metaverse and promoting educational
outcomes (Suh & Ahn, 2022). Nevertheless, a study has reported a gender gap in attitudes toward
the use of the metaverse in education, with females exhibiting more positive attitudes towards life-
logging used in education than their male counterparts. These attitudes may be influenced by other
factors, such as personalities, rewards, and gamification (Codish & Ravid, 2014). When educators,
designers, and policymakers address solutions to bridge this gender gap in attitudes toward the use
of the metaverse in education, they should consider various influencing factors (Suh & Ahn, 2022).

CONCLUSION

Major Findings

This study fills a gap in the literature by conducting a bibliometric analysis of research on the use of
the metaverse in education, using both VOSviewer and CitNetExplorer. The analysis identified the
most prolific authors, organizations, and countries, as well as the most frequently used keywords,
documents, and sources. Additionally, the study examined the research trend and challenges associated
with using the metaverse in education, along with the effects of the metaverse on learning environments,
interactions, educational outcomes, and learning attitudes. The results of this study provide a solid
foundation and serve as a valuable reference for future research on the use of the metaverse in education.

Limitations

Despite using two established programs, this study has several limitations. Firstly, due to limited
library resources, it was not possible to include all relevant literature. Secondly, the findings were
based on literature retrieved through the aforementioned programs, which may have resulted in
publication bias. Thirdly, the research relied solely on secondary sources, highlighting the need for
primary data to complement and enrich these findings. Finally, since most of the evidence was drawn
from previous studies, the reliability of the findings may be compromised.

Implications for Future Research

Future research can focus on developing learning management systems to benefit metaverse-based
education. Such systems could provide a stable and reliable platform for teachers and learners to
transmit knowledge and access learning resources while enabling teachers to monitor learning progress
and students’ performance (Pigultong & Ieee, 2022). Interdisciplinary research into the use of the
metaverse in education is also needed. For instance, cognitive science can inform how to enhance
learners’ cognitive abilities, motivation, and memory, while computer science can encourage educators
to develop immersive and sustainable learning environments (Park & Kim, 2022). Advanced quantum
mechanics may also help connect learners to the metaverse in an effective and efficient way, stimulating
their curiosity and interest and leading to enhanced creativity and improved learning outcomes.
Future research can also investigate the complex interplay of different types of metaverse
technologies in education, highlighting the gap between augmentation, intimate interactions,
simulation, and external interaction technologies (Tlili et al., 2022). The appropriate integration of
different metaverse technologies, such as augmented reality, lifelogging, mirror world, and virtual
reality, may significantly improve human-computer interactions and artificial intelligence, making
education more accessible and effective. To overcome the barriers to the integration of metaverse
technologies, teachers, learners, technicians, developers, and designers must collaborate. In the future,
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textbooks, courses, delivery modes, and educational environments are likely to undergo dramatic
changes. Both students and teachers must prepare themselves for these changes by improving their
digital literacy and keeping pace with the development of metaverse technologies.
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