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Abstract
The Metaverse has been the centre of attraction for educationists for quite some time.
This field got renewed interest with the announcement of social media giant Facebook
as it rebranding and positioning it as Meta. While several studies conducted literature
reviews to summarize the findings related to the Metaverse in general, no study to the
best of our knowledge focused on systematically summarizing the finding related to
the Metaverse in education. To cover this gap, this study conducts a systematic litera‑
ture review of the Metaverse in education. It then applies both content and bibliomet‑
ric analysis to reveal the research trends, focus, and limitations of this research topic.
The obtained findings reveal the research gap in lifelogging applications in educational
Metaverse. The findings also show that the design of Metaverse in education has
evolved over generations, where generation Z is more targeted with artificial intel‑
ligence technologies compared to generation X or Y. In terms of learning scenarios,
there have been very few studies focusing on mobile learning, hybrid learning, and
micro learning. Additionally, no study focused on using the Metaverse in education
for students with disabilities. The findings of this study provide a roadmap of future
research directions to be taken into consideration and investigated to enhance the
adoption of the Metaverse in education worldwide, as well as to enhance the learning
and teaching experiences in the Metaverse.
Keywords: Metaverse, Cyber worlds, Virtual worlds, Avatar, Artificial intelligence,
Digital twin, Mirror world

Introduction
Metaverse in education

The idea of the Metaverse is not brand-new, in contrast, it was heard earlier in sci-fi novels such as Snow Crash (Stephenson, 1992) and drew some attention with the movie version of the novel entitled Ready Player One (Cline, 2011). There were already known and
popular examples such as Second Life and the massively multiplayer online role-playing
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game World of Warcraft which attracted attention of millions (Wiederhold, 2022). However, when Mark Zuckerberg officially announced the Metaverse project in October
2021, Metaverse became a buzzword. Many educators and researchers started providing several future agendas and implementation scenarios in their learning practices. The
increasing interest in the educational landscape may stem from a wide range of possibilities including the virtual space that offers real-like representations of selves which possibly enhance the social aspect of teaching and learning. However, the term is relatively
new and there is a need to examine the state-of-the-art of the research on Metaverse and
this is where this study steps in.
Metaverse is a combination of the prefix “meta” which implies transcending with the
word “universe” which describes a parallel or virtual environment linked to the physical world. Metaverse was first coined in 1992 by Neal Stephenson in his science-fiction
novel Snow Crash, which envisions a virtual reality-based successor to the Internet. In
this novel, people try to escape the pain of the real world by exploring a digital world
through several digital avatars (Stephenson, 1992). Since then, it has been defined and
considered differently, including collective space in virtuality (Lee et al., 2021), mirror
world (Lee et al., 2021), embodied internet/spatial Internet (Chayka, 2021), a new type of
Internet application and social form that integrates a variety of new technologies (Ning
et al., 2021), post-reality universe, a perpetual and persistent multiuser environment
merging physical reality with digital virtuality (Mystakidis et al., 2021), an omniverse:
a venue of simulation and collaboration (Lee et al., 2021), and lifelogging (Bruun, &
Stentoft, 2019).
Go and his colleagues, as cited in Kye et al. (2021), defined Metaverse as “a 3D-based
virtual reality in which daily activities and economic life are conducted through avatars
representing the real themselves.” Lee and his colleagues, as cited in Kye et al. (2021), further stated that “Metaverse means a world in which virtual and reality interact and coevolve, and social, economic, and cultural activities are carried out in it to create value.”
These two definitions imply that the Metaverse does not simply combine the physical
and virtual worlds; it is instead a continuity of the physical world in the virtual world to
create an ecosystem that merges both worlds (physical and virtual). Supporting the idea
that Metaverse is an ecosystem and emphasizing its scope, Knox (2022) also highlights
that the Metaverse “is not simply a platform developed by one company, implying the
usual constraints of monopolisation, but rather a new plane of existence, not just void
of control by any single corporation, but also free of incursions by any state entity or
government.” (p. 4). Hwang and Chien (2022) proposed a framework to differentiate the
Metaverse from AR and VR in three features: “shared,” “persistent,” and “de-centralized.”,
emphasizing that AR and VR could be used in Metaverse with other elements besides
the experiencing time and implementing of AI technology. Therefore, Metaverse provides the possibilities of immersion experience, collaborations, and interaction that supports developing social experience allowing “parallel world[s]” to emerge (Schlemmer, &
Backes, 2015). Lee et al. (2021) further mentioned that developing Metaverse requires
three stages, namely: (1) digital twins where digital models and representations of the
physical world can be created. Digital twins are basically virtual replicas of physical environments that are synchronously used; (2) Individuals with high digital competencies
which require people to have expertise in technology to manage and work in the digital
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environment; and, (3) co-existence of physical-virtual which implies merging and connecting the virtual and physical environment. Furthermore, Davis et al. (2009) developed a model for research in Metaverses including five components: (1) the Metaverse
itself, (2) people/avatars, (3) Metaverse technology capabilities, (4) behaviours, and (5)
outcomes.
In education, the Metaverse is also not a new concept as several researchers and educators have discussed its implications for learning. For instance, a study by Kemp and
Livingstone in (2006) discussed how to combine Metaverse through the use of a virtual
world called “Second Life” with learning management systems to enhance the learning
process (Kemp & Livingstone, 2006). Collins (2008), focusing on virtuality dimension,
argued that the Metaverse can be the next space where individuals can meet and socially
interact requiring higher education to be proactive for using it teaching and learning
purposes. It is also argued that the 3D digital virtual world offers interaction and communication through using avatar which reflects on the feeling of presence (Schlemmer,
& Backes, 2015). Additionally, in 2006, a summit at the Stanford Research Institute
International was held to draw a roadmap for the future of the Metaverse technology.
Academics from different domains, technology architects, entrepreneurs, and futurists
took part to envision and forecast a 10 years plan about how the internet would look in
the future (Metaverse Roadmap Summit, 2006).
Though the roadmap was techno-centric, Kye et al. (2021) presented an educational
definition (with possibilities and limitations) of the 4 types of the Metaverse proposed
from the Roadmap Summit. According to Fig. 1, there are four categories of Metaverse
technology, namely: Augmented Reality (AR), Lifelogging, Mirror Worlds, and Virtual
Worlds. The four categories are characterized by the two axes: Augmentation versus
Simulation (A vs. S) and External versus Intimate (E vs I). For the Augmentation technology, a new visual function is added to the existing environment by superimposing
digital information on the physical world that we perceive. In contrast, the Simulation

Fig. 1 A diagram of the 4 types of Metaverse according to Metaverse Roadmap Summit (Kye et al., 2021) (CC
BY 4.0)
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technology generates and manipulates models of the existing physical environment and
creates virtual interactions and experiences. The other division deals with external/internal worlds. For the External world, the technology focuses on the users’ external environment by displaying information about the surroundings and how to control them.
In contrast, the Intimate world uses technology that focuses on the identity and behaviour of individuals or objects by creating inner worlds of avatars or digital profiles where
users have agency in the digital environment. The results of the integrations of these two
axes produced four types of the Metaverse. In the Augmented Reality Metaverse, the
technology features building smart environments that are based on location networks
such as in Pokémon Go. For Lifelogging Metaverse, the technology features recording
everyday information about people or objects using AR technology for Facebook or Instagram for example. In Mirror Worlds’ Metaverse, the technology builds virtual maps
and models using GPS technology on apps such as Google Earth or Google Maps. For the
Virtual Worlds’ Metaverse, the technology is based on avatars interacting virtually and
reflecting different personas.
The advent of immersive technologies, including Virtual Reality (VR), Mixed Reality (MR), Augmented Reality (AR), and Extended Reality (XR) has further promoted
Metaverse in several educational applications. One of the Metaverse’s advantages is enabling students to attend their classes virtually and providing elements that are involved in
the real classroom. Students in Metaverse can interact with teachers and communicate
with classmates through their avatars. This can create an immersive learning opportunity that enhances the students’ learning motivation. For instance, Siyaev and Jo (2021b)
investigated the use of mixed reality in maintenance to provide an engaging learning
experience for aircraft maintenance. González Crespo et al. (2013) analyzed educational
virtual environment applications and the dissemination of knowledge in the form of free
courses in the Metaverse using OpenSim. Reyes (2020) developed a Metaverse using AR
and mobile learning for teaching mathematics. The findings showed that the application
of Metaverse in mathematics can enhance students’ learning outcomes. Furthermore,
Park and Kim (2022b) identified the world types in educational Metaverse, i.e., survival,
maze, multi-choice, racing/jump, and escape room world types were identified.

Research gap and study objectives
The current concept of the Metaverse is based on Generation Z’s social values that the
online self is no different from the ideal self (Duan et al., 2021). In other words, it is
assumed that online digital identities are a reflection and representation of the real identities of the offline physical worlds. With the growth and influence of Generation Z in
the Metaverse, it is now different from the Metaverse before, and, thus, it is argued that
there is a need for a new definition (Park & Kim, 2022a, 2022b). Additionally, the rapid
advance of mobile technology and deep learning have facilitated access to the Metaverse
in anytime at anywhere compared to the early versions of the Metaverse, and improved
the accuracy of vision and language recognition, resulting in more immersive environments (Park & Kim, 2022a, 2022b). Therefore, it is worth investigating the evolution of
Metaverse in education, the way it is designed, and its research trends over the years.
Moreover, several literature reviews were conducted related to Metaverse in general
(e.g., Narin, 2021) and reviewing graphics, interactions, and visualization studies related
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to Metaverse (Zhao et al., 2022); virtual commerce from both application design and
consumer behaviour in Metaverse (Shen et al., 2021), digital twin (Cimino et al., 2019;
Jones et al., 2020; Liu et al., 2021), 3D virtual worlds (Dionisio et al., 2013). However,
no literature review, to the best of our knowledge, was conducted to summarize the
findings related to Metaverse in education and provide future insights. Consequently,
several questions have remained unanswered, such as which type of Metaverse, according to the roadmap Metaverse in (2006), is used in education; or what type of learning scenarios and assessment methods are conducted in the Metaverse. Therefore, to fill
this gap, this study conducts a systematic literature review of Metaverse in education by
adopting both bibliometric and content analysis. Bibliometric analysis was adopted to
provide visual representations of the relationships between the main concepts (Yilmaz
et al., 2019). This visualization through mapping allows researchers to identify the background of a given research field, the relationships between key concepts, and possible
future trends (Vogel & Masal, 2015). On the other hand, content analysis was adopted to
acquire an in-depth analysis of the reviewed studies – hence, to identify research themes
that authors focused on while discussing Metaverse in education. Specifically, this study
answers the following research questions (RQ):
RQ1 What is the trend of Metaverse in education in terms of publication year, document type, country, keywords and research methods?
RQ2 What are the types of Metaverse (according to the Metaverse roadmap in 2006)
used in education?
RQ3 What is the education field and level where Metaverse was used, and which
learning scenarios have been implemented?
RQ4 How the digital identity of students is represented in the Metaverse and what
technologies have been used?
RQ5 How has Metaverse in education evolved over generations?
RQ6 What is the impact of the Metaverse on education and what are the associated
challenges?

Method
This study combines quantitative and qualitative synthesis approaches to review the
Metaverse in education studies published in the literature. A traditional systematic
review is an important step before carrying out any study, however, outcome reporting bias may be introduced, and the interpretation of results is prone to be subjective
in a manual review (He et al., 2017). Therefore, a mixed-methods systematic review that
combines bibliometric analysis and content analysis is needed to scientifically identify
the knowledge base and evolution of a topic (Tlili et al., 2022). The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed to
produce this systematic review (Moher et al., 2010).
To deal with this complex topic, an extensive search for research papers was conducted using the following search strings in both Web of Science and Scopus databases:
Metaverse and education (Topic) OR Metaverse and learning (Topic) OR Metaverse
and teaching (Topic). The data in this study include academic studies published until 31
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December 2021. A study was excluded if it: (1) discusses Metaverse in general and not
in education; (2) is not in English; and (3) is not accessible online. As a result, a total of
47 studies in the Web of Science database and 34 studies in the Scopus database were
identified.
As part of the analysis, content analysis and bibliometric analysis were used. The data
were analyzed and interpreted through these approaches for the purpose of data triangulation in order to gain a multi-dimensional perspective and increase the validity of
the research. For the bibliometric analysis and synthesis, VOSviewer software was used
to make distance-based co-occurrence maps: terms retrieved from keywords, titles, and
abstracts were clustered and mapped according to their relatedness in a similarity matrix
(Van Eck & Waltman, 2010).

Results and discussions
The obtained results are presented and discussed according to each of the aforementioned research questions.
Trends of Metaverse in education by publication year, document type, country, keywords
and research method

As shown in Fig. 2, research on the use of Metaverse in education first started in 2007.
The number of studies in the WOS database increased after 2008, with a peak of five
studies per year in 2009, 2010, and 2013. There is a sharp decrease after 2013, and
only one study was found in 2014. The maximum number of studies reached its peak
with seven academic studies in 2015. After 2015, there was a decrease in the number
of research papers until 2019, and it was seen that no research was conducted in 2019.
Four studies were conducted each year, with a spike in 2020 and 2021. When the polynomial regression trend line is examined, it is seen that the studies on the Metaverse in
the WOS database showed a fluctuating trend from 2007 to 2021 but tended to increase
in recent years. When the trend line of the Scopus database is examined, it is seen that
the studies on the Metaverse show a similar trend to the WOS database over the years. A
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maximum of four studies per year were conducted in the Scopus database in 2009, 2001,
and 2013, and the number of studies decreased after 2013. In 2020, it showed a rapid
increase with six academic studies. In 2021, the number of studies decreased, and three
studies were found. It has been observed that the Metaverse research of both databases
has increased in recent years, especially in the post-Covid-19 period, due to the popularity of virtual environments, the Metaverse research tends to rise again. The first wave of
Metaverse research (2007–2013) can be linked to Web 2.0 and earlier examples such as
Second Life. The second wave (2014–2020) can be attributed to Web 3.0 and innovative
technologies such as AR/VR and the capacity increase in computing data and rendering virtual worlds. The third wave (2021 onwards) can be referred to the sudden peak
in 2021 which can be explained by the investments made to the Metaverse technologies
(e.g., Facebook).
In terms of the distribution of Metaverse in education research by document type,
Fig. 3 shows that most publications were conference proceedings. It is seen that the
number of studies in the WOS database in the article type is two times more than the
Scopus database. In the book chapter genre, there are eight studies in WOS and two in
Scopus. In editorial material, there are only two works in WOS. Books and review article
studies have the same rate in both databases. The common feature of both databases
is that there are more tendencies towards conference papers in Metaverse studies. The
interest in conference papers can be explained by the faster publication processes of proceedings and the effort by academia to quickly understand the promises and potentials
of Metaverse technologies.
The first author’s affiliation country was considered to present the distribution of
Metaverse in education research. Figure 4 shows that the United States had the highest
number of research, followed by Brazil, Japan, Spain, and South Korea. Interestingly, it
is seen that no research related to Metaverse in education is from the Arab or African
region. This could be due to the limited infrastructure that these countries suffer from,
which does not support them in adopting these technological-based learning environments (i.e., Metaverse in education). Consequently, this raises the question if this type
of learning environment further emphasizes the digital divide instead of reducing it
and ensuring inclusive education. There is a continuous need to investigate how developed and developing countries could work together to facilitate adopting Metaverse in
22
20

21

10
8

2

2
0

Proceedings
Papers

Arcles

Book Chapters
WOS Count

Editorial
Materials
Scopus Count

Fig. 3 Distribution of studies on Metaverse by document type

1

1

Books

1

1

Review Arcles

Tlili et al. Smart Learning Environments

(2022) 9:24

Fig. 4 Distribution of academic studies on Metaverse by country

education worldwide. There is also a continuous need to harness the power of openness
and open educational resources to ensure an inclusive Metaverse in education.
When analysing Metaverse in education by study topic and according to the publication year (see Fig. 5), it is seen that the trending topics in Metaverse research are in
line with time trend analysis. Accordingly, there are three thematic waves of research
trends that emerged. The first wave focuses on social aspects of the Metaverse in education (see virtual worlds, virtual communities and second life in Fig. 5). The second wave
explores the potentials of technology-mediated presence and immersive technologies
(see Metaverse, emerging technologies, virtual environments, telepresence, avatar, augmented reality, mixed reality). The third wave unlocks the potential of self-organized AIpowered virtual learning ecologies (see deep-learning and simulation in Fig. 5).
To identify the focus and trends of Metaverse in education research, the co-occurrence
of terms in keywords was analyzed using VOSviewer, as shown in Fig. 6. The size of the
labels and circles depends on the number of co-occurrences. Lines identify major links
between terms, and their thickness and the distance between the terms represent the
association strength. For example, in Fig. 6, the terms “metaverse” and “e-learning” have
a short distance between them, which means that they occurred together several times.
Additionally, Fig. 6 shows that the cluster distribution of keywords belonging to both
databases is almost the same (green, blue, red, and yellow clusters). The green cluster in
both databases is centralized around “Second Life” and “e-learning” showing the trend
of using second life as a learning environment. The blue cluster shows research trends
toward communication and social interaction through the Metaverse. The red cluster
represents the Metaverse technology, covering terms like virtual reality, augmented
reality, avatars, and interactive computer graphics. The yellow cluster represents trends
toward deep learning, educational computing, and measurement concepts.
Figure 7 shows the research methods used in Metaverse in education research. Since
Metaverse is relatively an emerging topic, 41.7% of the studies did not conduct any
experiment and focused on reviewing the literature and expounding theories. 20.8%
of the studies used mixed methods, followed by quantitative and qualitative methods
(18.8% for each). Through the analysis, it was found that the most frequently mentioned
tool for collecting data was the survey, followed by the interview. This is mainly because
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Fig. 5 Distribution of Metaverse in education by topic over the years

Fig. 6 Keyword clustering for the Metaverse research. Left side WoS database; Right side Scopus database

questionnaires and interviews can quickly collect data to get feedback from participants. Remarkably, we observe that a large proportion of studies did not conduct any

Fig. 7 Distribution of research methods in Metaverse in education studies
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experiments. One of the key reasons is that the establishment of experimental setups
with sensors and classroom configuration are costly, in addition to the technical barrier. Nonetheless, with the low-cost and enhanced sensing capability in digital learning environments, a classroom can turn into a sensor-driven environment, and student
engagements can be captured for in-depth analysis (Wang et al., 2022). Furthermore,
researchers can explore the power of big data and learning analytics to provide implicit
students’ assessment methods based on their log data within the Metaverse. This assessment technique could cover the limitations of the explicit techniques used (survey or
interview), such as interrupting the learning process or users can easily fake their feedback. Additionally, log data can trace how students behaved and progressed within the
Metaverse environments, hence gaining deeper insights about the whole learning process, unlike questionnaires or interviews.
Types of Metaverse used in education

The reviewed studies on Metaverse in education were coded according to the four
Metaverse types mentioned in the 2006 Metaverse roadmap (see Fig. 1), namely Augmented Reality, Lifelogging, Virtual Worlds, and Mirror Worlds. As shown in Fig. 8, the
coding was done based on two axes (x, y) separately, where each study was given two values—an x-value for (E vs I) and a y-value for (A vs S)—between − 1 and 1 each, based on
the degree to which an article reflected its Metaverse technology. The y-value reflected
the position of the Metaverse in the article according to the Augmentation (0–1) versus Simulation (0 to − 1), as shown in Fig. 8. A value that is closer to 1 meant that the
article expressed a high level of technology exploitation and explanation in terms of

Fig. 8 Distribution of studies according to the four types of Metaverse
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Augmentation, and a value that is closer to − 1 meant that the article presented a high
level of technology Simulation; while a value that is closer to 0 meant that the technology was neither exploited nor explained to a high level of detail. For example, articles
that presented studies conducted in Second Life (Getchell et al., 2010) or Open Simulation (Jaffurs, 2011) were given a value between 0 and − 1 on the A versus S axis, implying that they belong to virtual immersive environments that generate and manipulate
models of the existing physical world. If the article presented well-informed explanations about how this immersion creates virtual interactions and experiences, the value
was closer to − 1, while if the explanation was limited, the value was closer to 0. In contrast, articles that presented studies involving scanning QR codes for Augmented Reality
projects (Estudante & Dietrich, 2020), or Microsoft HoloLens (Siyaev & Jo, 2021b), were
given a value closer to 1.0 on the y-axis, implying that it reflects a high level of technology exploitation and explanation in applying Augmentation technologies.
The x-value reflected the position of the Metaverse in the article according to the
External (0 to − 1) versus Intimate (0–1) technology. A value closer to − 1 meant that the
article expressed a high level of technology exploitation and explanation with External
environment interaction, and a value closer to 1 meant that the article presented a high
level of technology application in terms of Internal environment interaction; while values closer to 0 meant that the technology was neither exploited nor explained to a high
level of detail. For example, articles that presented studies conducted with a high level
of virtual interaction (such as Barry et al., 2015) were given a value closer to 1 towards
the Intimate end on the E versus I axis, implying that they belong to virtual immersive
environments that focus on the behaviour of individuals within inner worlds. In contrast, studies that reflected a high level of External environment interaction (Estudante
& Dietrich, 2020), were given a value that is closer to − 1 implying that the Metaverse
technology focused on the users’ external environment. An article with a value that
is closer to 0 on the E versus I axis meant that the technology was not fully exploited
nor explained to a high level of detail (Kanematsu et al., 2014). Figure 8 presents the
scatter plot of the distribution of Metaverse in education studies according to the four
Metaverse types. It can be seen that the majority of studies had high technological level
of Simulation and Intimate interactions implying a high tendency towards using the Virtual Worlds (VW) Metaverse type.
VW is described to have a technology that reflects sophisticated computer graphics works in virtual environments through 3D technology (Kye et al., 2021). VW articles used educational elements from the VW Metaverse category such as language and
translation grids as an underlying chat and communication platform in virtual reality
(Farjami et al., 2011; Kanematsu et al., 2010). Overall, the educational implication of VW
Metaverse types has proved to be useful since it includes virtual simulations in environments that are challenging in terms of high risks for students, such as learning about
nuclear energy and safety (Kanematsu et al., 2014) or that are difficult to produce due
to their high costs, such as training students in aircraft simulations (Siyaev & Jo, 2021b).
Augmented Reality (AR) is the second most frequent Metaverse category within the
reviewed studies on Metaverse in education (Fig. 8). AR is described as overlaying virtual
objects in the real world to make the object 3D and real (Kye et al., 2021). For instance,
a page from a book in the real world can be augmented to appear as a 3D video. The
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reviewed studies involved scanning QR codes for AR projects to stimulate students and
diffuse escape game activities for a physics lab (Estudante & Dietrich, 2020), or training
students for aircraft maintenance using Microsoft HoloLens (Siyaev & Jo, 2021b). Overall, the articles didn’t exploit the full educational potentials of AR Metaverse. For example, among the reviewed articles, none have offered to teach and learn invisible parts
(such as the human body or the universe) by using virtual digital information presented
in 3D (Kye et al., 2021).
Lifelogging and Mirror Worlds Metaverse types in education are the least frequently
used among the reviewed articles. Lifelogging Metaverse is described to have one’s
daily life activities, thoughts, relationships to be productively shared, accumulated, and
analysed through educational social media (Kye et al., 2021). One study was coded as
Lifelogging Metaverse type (Siyaev & Jo, 2021a), where they integrated Augmented
Reality with Intimate communication through speech interaction and recognition. This
counted for a Lifelogging Metaverse type since its educational implication included
reviewing and reflecting on one’s professional daily communication to improve the ability to represent and implement the information in an appropriate way according to the
feedback from others within the network (Kye et al., 2021). Lifelogging also allows students to critically and creatively explore various data on the platform to reconstruct
information through collective intelligence.
Lastly, Mirror Worlds (MW) Metaverse type is described as expanding real world
contexts by combining Global Positioning System (GPS) and networking technology to
overcome limitations of teaching and learning due to spatial and physical restrictions
(Kye et al., 2021). There was only one study (Park & Kim, 2021) that was coded as a MW
Metaverse type as they used game-based immersive learning by gathering the students
in a lecture room to receive a lecture by ‘mirroring’ a physical context into an online
platform. Though the study reflected what (Kye et al., 2021) described as an “efficient
expansion” system for reproducing the real world, however, the study didn’t exploit the
MW Metaverse to its full potentials. For example, users in MW meet and play games
with physically distant people and perform meaningful tasks, but the group of students
in (Park & Kim, 2021), who gathered in the lecture room, could have collectively played
the game with another group of students who would, perhaps, gather in another university or another country.
Here, we provide a discussion of the findings since the majority of studies in education focused on the Virtual Worlds Metaverse (Kye et al., 2021), while fewer studies
used the Augmented Reality Metaverse type; and even fewer used Lifelogging and Mirror Worlds types. Although the articles either used or explained virtual environments
through implementing 3D technologies. However, according to the Metaverse roadmap,
the articles in this review did not exploit nor explain the technology to a high level of
complexity. For example, none of the articles reached to the level of communication
and collaboration with AI characters such as the description of VW Metaverse. Furthermore, it seems that Lifelogging and Mirror Worlds types, even though were coded
so, did not fully exploit the explicit technology of those two Metaverse types to a high
level in educational settings as described by (Kye et al., 2021). For instance, Lifelogging
can generate valuable new kinds of data, such as digital language syntax and image/
video sharing by students, which can be analysed to explore new areas of integrating
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educational technology and psychology. Also, exploiting the technology of MW can provide a platform for Individuals with high digital competencies (Gen Z and Alpha) who
are ‘the future’, and thus deserve attention in terms of their learning behaviour in MW
Metaverse. Therefore, we suggest that future studies that consider the use of Metaverse
in education exploit and explain the four types of Metaverse to a higher level of sophistication and focus on areas that have knowledge gaps such as integrating Augmentation
technology with Intimate interaction (Lifelogging) or Simulation technology with External interaction (Mirror Worlds).
Educational field, level, and learning scenarios within the Metaverse

Figure 9 presents the distribution of Metaverse research in the field of education. The
findings show that 53% of the Metaverse research studies were used in natural science, mathematics, and engineering, followed by general education (15%), and Arts
and humanities (11%). The motivation for using Metaverse in natural science, mathematics, and engineering is because it can provide technical support for the discipline,
such as providing 3D modeling computer programs for courses (Sourin, 2017), helping
students to establish connections between experiments and virtual objects, and providing autonomous tutoring systems based on user interaction data mining (Pereira et al.,
2015). In arts and humanities, Metaverse was frequently used for language learning as
it can help people communicate with people of different languages in virtual worlds and
provide new possibilities for learning foreign languages (Cruz-Lara et al., 2010). Finally,
Metaverse was widely used in the field of education because combining the virtual world
with physical classrooms can create new learning possibilities for collaborative, cooperative, and problem-based learning (Araya & Avila, 2018). It is worth noting that the
Metaverse is less used in social science and aircraft maintenance accounting for 6% (see
Fig. 9). In fact, the Metaverse can be of substantial assistance to these disciplines as well.
For example, in archaeology, the Metaverse is able to provide students with individual
virtual excavations, and the system helps present network communications during
online e-learning experiences (Getchell et al., 2010). Therefore, future research can focus
on these areas of education to provide learning experiences for more disciplines.
When investigating the education level, it was found that 62.9% of the Metaverse
research was carried out in higher education (see Fig. 10). The findings show that the
use of Metaverse in higher education enables interactive and immersive experiences
that allow teachers and students to explore new approaches in teaching processes,

6%

Natural science, mathemacs,
enginering

6%

Arts and humanies

9%

General educaon

53%

15%

Business, administraon and
law
Social science

11%
Aircra maintaince

Fig. 9 Distribution of studies by education field
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Fig. 10 Distribution of studies by education level

Fig. 11 Implemented learning scenarios in Metaverse in education

information and communication technologies, and emerging technologies (Díaz, 2020).
It is also noteworthy that Metaverse can be significant in terms of online learning which
is mainly designed through synchronous and asynchronous modes “spanning in-plane
digital windows with width and height but without any depth” resulting in limitations
and inefficiencies in 2D learning environments (Mystakidis et al., 2021, p. 488). Such a
view implies the potential of the Metaverse in terms of lessening the limitations and inefficiencies that are inherit in traditional 2D online learning. However, limited Metaverse
research focused on early childhood, primary, and secondary education. Additionally, it
is found that no study focused on using the Metaverse in education with students with
disabilities, calling for more research in this regard on how to develop accessible and
inclusive Metaverse in education environments. The virtual freedom emerging spatially
and temporally can increase the degree of inclusiveness and participation for students
with disabilities and special needs.
The Metaverse can provide a set of possibilities to realize learning scenarios (HirshPasek et al., 2022). Figure 11 presents the different learning scenarios in the Metaverse.
The findings show that the Metaverse is used in nine different learning scenarios in
education. Most studies focused on virtual learning (31.3%, see Fig. 11), followed by
collaborative learning, blended learning, game-based learning, individual learning,
and problem-based learning (PBL). Tarouco et al. (2013) reported that learning in the
Metaverse can provide students with an immersive learning environment, offering the
possibility of collaborative learning and a high degree of interactivity. By analyzing how
the Metaverse is used in different scenarios, it can help students learn more efficiently,
as well as help teachers design their teaching processes in the Metaverse. This implies
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proposing learning and assessment strategies in the future and thinking about how it can
be implemented in the immersive environments? How does the learning can be designed
with cutting-edge technologies such as eye-movement technology and voice recognition
technology (Hwang & Chien, 2022)?
In most learning situations, the Metaverse is used in virtual learning. This is mainly
because high-performance servers are able to use the Metaverse to help students interact
with various digital resources through virtual worlds (Díaz et al., 2020). Meanwhile, virtual learning scenarios are often used in conjunction with collaborative learning. This is
because using the Metaverse as a social collaboration interface is where students are able
to make connections in the virtual world and support guidance and feedback through
an autonomous tutoring system based on data mining of user interactions (Pereira et al.,
2015). For example, teachers can give students some learning topics and upload teaching resources in the Metaverse, and students can search for resources through virtual
devices on the Internet (Díaz et al., 2020). Students can also interact with other peers to
share academic information through internal social networks in the Metaverse, facilitating collaborative learning (Díaz et al., 2020).
In blended learning scenarios, the virtual platform created by the Metaverse is always
implemented. The finding shows that it is effective to blend the lectures and guides in
the virtual Metaverse with real experiments with the Metaverse and virtual systems as
one of the components (Kanematsu et al., 2014). In the research of Kanematsu et al.
(2014), it is noted that in STEM courses, students can conduct virtual course lectures
through Metaverse (Second Life). Then, in the real classroom, the teacher can lead the
students to carry out the experiment of the STEM curriculum, and in the Metaverse, the
teacher conducts simultaneous instruction and teaching, so as to obtain the support of
the teacher (Kanematsu et al., 2014).
Based on the virtuality and fun of the Metaverse, which is also always implemented
in game-based learning. Getchell et al. (2010) showed that the Metaverse opens up new
opportunities for game-based learning, which allows educators to create environments
for game-based learning that are more flexible than before, allowing students to develop
higher levels of control in learning scenarios, learning at a lower cost. For example, in
a study by Estudante and Dietrich (2020), a digital mobile virtual reality (VR) game is
proposed through the open application Metaverse. Students are guided to follow in the
footsteps of physicists to solve puzzles. In this game, which includes the periodic table
of elements, chemical equilibrium reactions, molar mass, and other concepts, based
on game-based learning, students can master chemical knowledge points (Estudante &
Dietrich, 2020). Therefore, in the context of game-based learning, the platform created
by the Metaverse can serve as a tool to improve students’ learning motivation and communication skills (Estudante & Dietrich, 2020).
Based on the above discussion, the problem-based learning (PBL) scenario also provides an implementation for the development of the Metaverse. In this learning context,
questions and discussions are always combined, and the Metaverse emerges to provide
students with a platform for problem-solving. For example, in the study of Kanematsu
et al. (2012), PBL was chosen as the educational tool and the Metaverse was chosen as
the classroom environment for nuclear engineering education. Teachers provide short
lectures and nuclear-related problems to students in class, and students actively solve
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problems through Metaverse chat discussions (Kanematsu et al., 2012). The finding
shows that the use of Metaverse in PBL classrooms can arouse students’ attention to
course content and improve classroom activity and understanding (Kanematsu et al.,
2012).
Currently, few Metaverse in education studies focus on mobile learning, hybrid learning, and micro learning. In fact, through the use of the Metaverse, these learning scenarios can be attractive to students and teachers, as well as provide an ideal platform for
their teaching and learning process (Díaz, 2020). The developed virtual world created by
the Metaverse is able to change the traditional teaching model from static to dynamic in
these different learning situations, allowing for student-centered collaboration by providing learning resources and timely assessments (Díaz, 2020).
Digital identities of students in the Metaverse and the technologies used

Digital identity formation in Metaverse environments is considered to be important in
terms of improving social presence of students, that is the degree of being perceived
as real (Gunawardena, 1995). Therefore, the selection or creation of avatars as well as
the interaction patterns define the concept of a ‘Digital Identity’ as the self-image or the
deep aspirations of a student to ‘be’—which can profoundly affect and be affected by that
student’s online and offline learning behaviours. In this regard, there are three related of
Metaverse avatars, namely: representation, presence, and immersion (Davis et al., 2009).
This is thought to be important as virtual online learning is seen as a synthetic process in
many cases and the lesser degree of social presence may emerge as an obstacle for interaction and communication, two essential elements of social learning. In the reviewed
studies, students had the possibility to use avatars as a way to represent their digital
identities within the Metaverse. Particularly, some studies provided the opportunity for
students to select one avatar from the already built-in avatars (Cruz-Lara et al., 2010).
Other studies provide the students the possibility to create their avatars and customize them (Díaz et al., 2020). In this context, it is seen that students create their avatars
according to their own personalities (Getchell et al., 2010). As mentioned in the article
by González Crespo et al. (2013), students can create digital avatars according to their
own tastes and their preferred characteristics. Students can perform skills in the virtual
platform, including flying, walking, purchasing different objects, and personalizing their
wardrobe and appearance to interact with virtual world objects (Díaz et al., 2020). In
addition to that point, students are being able to interact with other users through social
chat in the virtual platform created by the Metaverse, students communicate powerfully
with others through explicit or implicit references to environmental objects, gestures,
poses, facial expressions (Cruz-Lara et al., 2010; Díaz et al., 2020). The digital avatar
combines objects, people, and places to create a virtual three-dimensional world for the
user that is basically indistinguishable from the real world (Cruz-Lara et al., 2010).
Digital avatars are also commonly found in games, and in order to increase student
engagement in the classroom and rigorous academics, characters in the Metaverse often
have the ability to blink (Barry et al., 2015; Díaz et al., 2020). Most studies have shown
that in order to enable students to interact with other students through digital avatars,
Second Life is used in the classroom to allow students to identify themselves (Barry
et al., 2015; Sourin, 2017). Students can create digital avatars with different roles in the
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Second Life game, such as socializers, and make more friends by interacting with other
players frequently in the game (Park & Kim, 2021). Since Bailenson et al. (2002) determined the non-verbal cues associated with Metaverse avatars, we suggest developing
several communication patterns of avatars including, gaze, eye direction, arm gestures,
head posture, body posture, and facial expressions that enable high level of interaction
and presence in the education Metaverse. Moreover, future research could examine avatar customization variables and the culture difference effects on students’ decisions of
their avatars. Improving the gameful experience of the educational Metaverse is crucial
(Park & Kim, 2022b).
The technology and tools of the Metaverse have brought a lot of pedagogical and technical support to education, allowing students to learn immersively, thereby enhancing
their motivation. In Fig. 12, technology and tools are divided into 7 categories, namely
immersive, artificial intelligence (AI), game application, educational, modeling and simulation, mobile, sensors, and wearable. The direct experience given to students in the
Metaverse is immersive, which not only promotes teamwork and skill development
(Tarouco et al., 2013), but also engages students in classrooms in different ways (Erturk
& Reynolds, 2020). In order to achieve immersion, it is necessary to combine some
virtual technologies, including Virtual Reality (VR), Multi-user Virtual Environment
(MUVE), Mixed Reality (MR), and Augmented Reality (AR). The technologies that serve
as gateways and enable us immerse Metaverse environments also imply that the importance of multimodal immersion (Mystakidis et al., 2021). These four types of technology are currently the most common immersive interfaces in the Metaverse, which can
enhance student learning in education and allow students’ psychological immersion to
occur, thereby enabling situational learning and transfer. The use of MR in the Metaverse
is also mentioned in the study by Siyaev and Jo (2021b), showing that MR is an asset
that combines physical and virtual worlds, capable of enhancing learning through deep
learning voice interaction modules. Therefore, MR can mainly deal with the occurrence
of voice interaction in students’ learning process, allowing students to establish a deeper
connection with the virtual world. In addition, VR allows virtual world servers to manage virtual environments and create avatar sharing in order to enable immersive learning for students (Cruz-Lara et al., 2010). In other words, students in the Metaverse can
create their own avatars through VR, interact socially with other students, and control

Fig. 12 Taxonomy of technology and tools used in Metaverse in education
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the avatars according to the displayed environment, so as to achieve immersive effects
(Cruz-Lara et al., 2010).
Figure 12 shows that game applications as another category have been widely implemented in the Metaverse to also provide immersive learning experiences. The most
common game applications is Pokémon Go. It allows Pcreating fictional interactive 3D
characters through real-time VR and AR technology, allowing players to “luring” pokémons in-game (Sourin, 2017).
When the Metaverse is implemented in education, it is also combined with educational platforms, allowing the immersive environments to play an important role in
educational topics and making it easier to connect knowledge (Wagner et al., 2013). In
Fig. 12, the Metaverse is usually combined with Second Life platform which is used in
research by Rapanotti and Hall (2010) to develop an immersive virtual world platform
for higher education. Second Life provides tools to create a 3D simulated avatar that
combines social networking concepts with the development business network provided
by Linden Labs, thereby providing students with an immersive learning environment.
Students can not only create their own digital avatars in Second Life to communicate with other students virtually (Cruz-Lara et al., 2010) but also use virtual currency
to purchase or build materials needed for virtual platforms (Belei et al., 2011). In the
study of Getchell et al. (2010), it was also shown that Second Life, as a 3D game platform, can provide users with a real environment in the archaeology class by combining
with the institutional learning management system (LMS). Besides, The Metaverse in
education is combined with virtual learning laboratory, HotPotatoes, MOOC, Moodle,
Institutional learning management system (LMS), Teleduc, Eduquito, Sloodle. For example, Massive Open Online Courses (MOOCs) provide students with a social network
through Web 2.0 and AVAS (Wagner et al., 2013). The combination of the Metaverse
and MOOC can provide subject resources to a large number of students for free, and
online courses allow students to broaden their knowledge (Wagner et al., 2013). A virtual learning laboratory is usually used in natural science, mathematics, and engineering courses. Virtual Learning Laboratory (VLL) usually combines software derived from
Second Life and OpenSim is widely used in the virtual world environment, providing
students with a collaborative, interactive and dynamic learning environment, thereby
improving students’ learning motivation and learning quality (Tarouco et al. al., 2013).
As a complex learning platform, Moodle can also modernize traditional content delivery, thereby enhancing collaborative learning among students (Lucas et al., 2013). For
example, a virtual environment created by Moodle allows a university’s e-learning platform to make presentations, link user profiles of the two platforms, and share user data
(Lucas et al., 2013).
In Fig. 12, OpenSimulator (OpenSim), SketchUp, Autodesk 3DsMax, Unity, and
Blender are used as modeling and simulation tools to create expert systems courses in
virtual campuses to provide students with e-learning opportunities (González Crespo
et al., 2013). In this category, the most common tool used by the Metaverse is OpenSim,
a 3D application server originally created by Linden Labs Linden Research under the
direction of Second Life (Barbulescu et al., 2011). The main feature of OpenSim is that
universities can easily customise their development, design management systems, and
integrate with LMS databases to create personalized content (González Crespo et al.,
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2013). The virtual reality platform was developed by OpenSim, with the help of Sketchup
Modulator and Autodesk 3DsMax, to provide students with a visualization platform
and allow student avatars to walk and interact in the virtual environment (Wagner et al.,
2013).
In Fig. 12, mobile technologies are also the dominant ones in the Metaverse, including mobile devices and geospatial mobility, because of its ability to create a connection
between the medium and the student, thereby enhancing authenticity in the virtual
world. In a study by Estudante and Dietrich (2020), a smartphone application (iOS and
Android) was used to create a virtual world augmented reality for the Metaverse. Educators in the real world can use triggers to initiate virtual world instructions on students’
screens, including playing videos, calling up text and pictures, and Internet hyperlinks.
In González Crespo et al. (2013), it was shown that geospatial mobility can be combined
with the OpenSim system to create content tailored to the needs and methods of each
institution. At the same time, geospatial mobility enables data connection and information sharing in open virtual worlds (González Crespo et al., 2013). Using Metaverse
on mobile devices can enhance the learning processes when students use their avatars. Particularly, there are two possibilities with the second life Metaverse represented
in (Schlemmer & Backes, 2015): (1) Mobile Grid Client Second Life and Open Simulator Messaging Client for All Android Powered Devices and (2) Pocket Metaverse iPhone
and iPad Client for Second Life.
Sensors and wearable devices are one of the categories of technologies, including
Microsoft HoloLens2 smart glasses and eye blinking, which enable teachers to monitor student dynamics by analyzing student behaviour (Barry et al., 2015). When students wear HoloLens 2 smart glasses, they are able to interact with content and execute
commands in the virtual space (Siyaev & Jo, 2021b). The Blinking system is also a common tool in the Metaverse, mainly recording students’ blinking times through specialized software (Barry et al., 2015). When students are emotionally unstable, the
number of blinks in the blinking system increases, so teachers can better analyze students’ responses (Barry et al., 2015).
In the artificial intelligence category, the application of neuro-symbolic AI, convolutional neural network, machine learning, and semantic database technology help students to better process learning-related data. The key concept of Metaverse lies in its
complex data analysis for understanding, monitoring, regulation, and planning, and the
emergence of artificial intelligence can serve as a basis for processing this data (Duan
et al., 2021). Neuro-symbolic AI can combine neural networks and traditional symbolic
reasoning to provide feedback on user data through automatic speech recognition metrics (Siyaev & Jo, 2021a). Neuro-symbolic AI is commonly used in aircraft maintenance
training and education. For example, in aircraft maintenance courses, neuro-symbolic
AI can play the role of field experts, providing technical guidance and all resources to
facilitate effective training and education in aircraft maintenance (Siyaev & Jo, 2021a).
For convolutional neural networks (CNN), it is often used to process audio features and
the learning and classification parts for command and language recognition, thereby
improving learning efficiency (Siyaev & Jo, 2021a). Machine learning and semantic database modeling are often combined with web 3.0 to allow users to access virtual worlds
(González Crespo et al., 2013). Through a web-based architecture, machine learning
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and semantic database modeling can link with external scientific data sources, search
for knowledge, and solve practical problems (González Crespo et al., 2013). Moreover,
the potentials of AI in Metaverse enable new roles of intelligent Non-player Character (NPC) tutors, peers, and tutees (Hwang & Chien, 2022). Therefore, there are future
research opportunities to leverage AI technologies to analyse students’ behaviour and
interaction patterns with their performance levels in the Metaverse and coming up with
new roles.
As discussed above, several technology categories have been used in Metaverse in
education to create a balanced eco-system. However, it is seen that several emerging
technologies are still not implemented. For instance, blockchain could be implemented
to ensure more security for the users as well as to create an anti-cheating learning system. Additionally, while cryptocurrency is frequently used in Metaverse in general, it is
not the case in Metaverse in education. Internet of Things (IoT) technology could also
be used to create a more immersive learning environment that merges both the physical and virtual worlds through the use of different sensors and devices. Therefore, future
research could investigate how the aforementioned technologies could serve education
in the Metaverse. Also, a new potential question could be raised: are the ICT-based competencies in the literature enough for students and teachers to cope with this new educational system (i.e. Metaverse in education), or new competencies are needed for better
learning and teaching experiences.
On the other hand, along with all the new educational opportunities provided by technologies, users could be exposed to several risks, including identity theft, data hacks,
breaches, and other financial scams and money laundering due to the decentralized
blockchain-based structure that links every task to digital wallets. Furthermore, the sensors designated for understanding class participants’ emotions and gestures can pose
privacy threats (Bermejo Fernandez et al., 2021). Also, the augmentation of objects, as
the user interaction traces in a digital classroom, can increase the risk of privacy leakages. Therefore, researchers and practitioners should pay attention to those risks
when designing Metaverse in education, hence ensuring a safe learning and teaching
experience.
Evolution of Metaverse in education over generations

When we grow older, we grow older together as a community. As one grows, one’s parents and one’s children grow older as well. The same events that affect one’s own education can have a different effect on the education of different age groups in society.
Although setting sharp boundaries or definitions for the different age groups is challenging, several studies offer different labels, dates, and analysis for each generation
type (Moore & Frazier, 2017). The importance of clarifying generation groups lies in the
fast-paced development of technology and its integration with education, especially for
future generations such as Gen Alpha (Tootell et al., 2014). Therefore, the way Metaverse
in education was designed and evolved over generations was also discussed. Table 1 presents the different generations highlighted in the literature.
The coding of generation types was based on the education ages of participants in the
different Metaverse studies and the year in which each study was conducted. For example, a study that would involve high school students in 2020 would generally be coded
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Table 1 Generation (Gen) differences
Generation
Type

Baby Boomer

Gen X

Gen Y/
Millennials

Gen Z/
iGeneration

Gen Alpha

Years range

1946–1964

1965–1980

1981–1994

1995–2010*

2010–2025*

Age range as in
2022

58–76

43–57

28–42

12–27

1–12

New Technology Television

Computers

Internet

Smart phones

Virtual Reality/
Augmented
Reality

Learning style

Self-directed, mix Groups, lots of
traditional with
tests**
technology**

Groups, lots of
tests, online,
‘gamification’**

Online, blended,
‘gamification’

Rote, handson**

*As referenced in (Jha, 2020; Nagy & Kölcsey, 2017)
**As referenced in (Moore & Frazier, 2017)

Fig. 13 Distribution of studies according to generation type

as ‘Gen Z’ since the participants would be around 16–24 years old in 2022. However, if
the study was conducted in 2010, the participants would be coded as ‘Gen Y’ since they
would be 26–35 years old in 2022. The distribution of Metaverse in education studies
based on the generation type is presented in Fig. 13. It can be seen that 52% of the studies
involved Generation Y such as (Barry et al., 2015; Getchell et al., 2010; González Crespo
et al., 2013), while 44% involved Generation Z such as (Kanematsu et al., 2014; Park &
Kim, 2021; Siyaev & Jo, 2021b), and 4% involved Generation Alpha such as (Mystakidis
et al., 2021). Based on the obtained findings, there seems to be no studies on the earlier
generations such as the Baby Boomer Generation and Gen X (Baby Bust), which makes
sense, since these two generations have an age range between 43 and 76 as of 2022 (the
date of writing this study), which means that almost all of them have completed their
basic formal education and to many, their higher education as well. However, studies on
education in the Metaverse should also consider these two generations (Baby Boomer
Generation and Gen X) for their lifelong learning and how they could share their life
experience to younger generations in the Metaverse. It is also seen that there was only
one study that considered Gen Alpha who were born between 2010 and 2025 and have
an age range between 1 and 11 years old as of 2022 (the date of writing this study). The
reason why there are not many Gen Alpha participants is that this specific generation
only started to appear around 2011 and did not join formal schooling until 6 years later,
which is around 2017. Even after they joined formal schooling, their education was soon
interrupted by the COVID-19 pandemic, which forced their education to be online. This
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generation is the first to be born entirely in the twenty-first century and they are mainly
children of Gen Y and older members of Gen Z. This means that they were born into a
society that is completely digitalized with the Internet, smartphones, and virtual reality
and augmented reality technologies. If any, this generation would be the most to interact
with Metaverse technologies more smoothly than the older generations, but this is just a
theory that needs investigation.
Additionally, each study was coded based on the occurrences of different learning scenarios involved in using Metaverse in education according to the different generation
types (see Table 2). It can be observed that Collaborative Learning is common in studies (Liu & Zhang, 2012; Rapanotti & Hall, 2010) involving Gen Y (7 times) compared to
Gen Z (2 times) such as (Díaz et al., 2020; Siyaev & Jo, 2021b), while Blended/Hybrid
Learning is more common for studies (Estudante & Dietrich, 2020; Kanematsu et al.,
2014) involving Gen Z (6 times) compared to Gen Y (0 times). There was only one study
(Mystakidis et al., 2021) that involved both Gen Z and Gen Alpha, and another study
(Sourin, 2017) the involved both Gen Y and Gen Z. One more observation is that Individual Learning (Getchell et al., 2010), Problem-based Learning (Barry et al., 2015) and
Project-based Learning (Tarouco et al., 2013) seem to be applied more often with Gen
Y compared to Gen Z. Also, Mobile Learning (Díaz, 2020) was only applied to Gen Z
Metaverse studies.
Based on the findings above, it can be understood that Gen Y is more “social” as
they were born in the era of the Internet and social media. This was reflected in the
Metaverse studies by relying frequently on collaborative learning (see Table 2). Gen Z
also grew up in the era of the Internet and digital technologies. However, compared
to Generation Y, members of Generation Z are not that digitally literate due to the age
difference. This was reflected in our findings by finding that Blended/Hybrid learning
Table 2 Occurrences of learning scenarios in the studies involving education in the Metaverse for
different generation types
Generation type

Learning scenario

Y (n = 19)

Collaborative learning

7

Individual learning

3

Problem-based Learning

3

Z (n = 17)

Y & Z (n = 1)

Z & Alpha (n = 1)

Total

Occurrence

Project-based learning

2

Game-based learning

1

Not mentioned

3

Blended/hybrid learning

6

Collaborative learning

2

Mobile learning

2

Game-based learning

1

Observational learning

1

Experiential learning

1

Problem-based learning

1

Augmented learning

1

Not mentioned

2

Personalized learning

1

Blended learning
N/A

1
38
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was the most frequent learning scenario for Gen Z (see Table 2). Future studies may
try Collaborative Learning scenarios in studies on education in the Metaverse with
younger generations such as Gen Z or Gen Alpha, and vice versa; try Blended and
Online Learning scenarios with Gen Y or Gen X.
One of the important issues in the integration of Metaverse in education is the technologies and tools used for immersion. Each study was coded based on the software
and tools used as a Metaverse technology in education according to the different generation types (see Table 3). It can be seen that ‘Second Life’ is the most common platform with 7 times used by Gen Y (Barry et al., 2015; Kanematsu et al., 2012; Tarouco
et al., 2013) and 2 times used by Gen Z (Jaffurs, 2011; Kanematsu et al., 2014). The
second most common technology is Virtual Reality with 4 times used by Gen Y (Liu
& Zhang, 2012; Wagner et al., 2013) and 2 times used by Gen Z (Díaz, 2020; Park
& Kim, 2021), and a special case where Virtual Reality (VR) and Augmented Reality
(AR) were both integrated by two generations; Gen Z and Alpha (Mystakidis et al.,
2021). AR is the third most common technology, and it is mainly used by Gen Z and
Gen Alpha. There was only one case where Augmented Reality, along with multiple
technologies, was involved with Gen Y and Z (Sourin, 2017). Furthermore, it is seen
Table 3 Occurrences of technologies and tools for immersion in the studies involving education in
the Metaverse for different generation types
Generation type
Y (n = 20)

Z (n = 15)

Technology and tools for immersion

Occurrence

Second life

7

Virtual reality

4

Learning management systems

2

Augmented reality

1

User interactivity

1

Intelligent tutoring system (ITS)

1

3D gaming platform

1

Web 3.0

1

Opensimulator

1

Not mentioned

1

Second Life

2

Virtual reality

2

opensimulator

2

augmented reality

2

Mixed reality

2

Convolutional neural network (CNN)

1

User interactivity

1

Natural language processing (NLP)

1

Moodle

1

Neuro-symbolic AI

1

Virtual reality

1

Augmented reality

1

Immersive worlds

1

Mobile network

1

Z & Alpha (n = 2)

Virtual reality

1

Total

N/A

Y & Z (n = 4)

Augmented reality

1
41
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that Artificial Intelligence, such as the application of Convolutional Neural Network
(CNN) and Natural Language Processing (NLP), is more implemented with Gen Z,
reflecting that the Metaverse in education environments are getting smarter from one
generation to another.
There are two points to consider from this analysis; to begin with, Second Life as an
immersive technological platform seems to be more common among older generations
(Gen Y, see Table 3). This raises the question of how new immersive changes of Second Life would be useful to deliver education to Gen Z and Gen Alpha? Secondly, Augmented Reality seemed to be more common with Gen Z and Gen Alpha, with only one
with Gen Y. This supports the first discussion point, where the later generations seem
to be more involved with AR technologies rather than VR (such as Second Life). Future
studies may consider three future research directions: (1) by using Second Life (or similar VR platforms) with younger generations (Gen Z and Gen Alpha) or (2) by using more
Augmented Reality technologies with older generations such as Gen Y. Besides, to our
understanding, most studies of Metaverse technology and tools used for immersion in
education focused on students. Therefore, (3) future studies may consider teachers as
research subjects to see how they can cope with these technologies.
Finally, the Metaverse in education studies were further coded based on the usercentric factors (ecosystem) and their distribution in the different generation types (see
Table 4). Generally, most personal data in the digital world is “organization-centric”
rather than “user-centric” where organizations have the control of gathering, management, use, and sharing of data (Moiso & Minerva, 2012). Though it is still in its early
stage, one of the most common user-centric factors in the Metaverse studies in education is the Content Creation feature. It seemed that it is almost equally common with
Gen Y (Getchell et al., 2010; González Crespo et al., 2013) being used 5 times, and Gen
Z (Díaz et al., 2020; Estudante & Dietrich, 2020; Siyaev & Jo, 2021b) being used 6 times.
Other user-centric factors are mainly involved with Gen Y. Features such as Virtual
Economy (Belei et al., 2011), Social Communication (Farjami et al., 2011), or Personalize
Socializing with others (Tarouco et al., 2013) are almost equally distributed among Generation Y participants. There was only one case where Virtual Economy was involved
with both Gen Z and Gen Y (Sourin, 2017). There was no consideration of user-centric
Table 4 Occurrences of user-centric factors (ecosystem) in the studies involving education in the
Metaverse for different generation types
Generation type
Y (n = 16)

User-centric factors (ecosystem)

Occurrence

Content creation

6

Social communication

3

Personalize socializing with others

2

Virtual economy

2

Not mentioned

3

Content creation

5

Personalize socializing with others

1

Not mentioned

5

Y & Z (n = 1)

Virtual economy

1

Total

N/A

Z (n = 11)

Z & Alpha (n = 1)

Not mentioned

1
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factors towards Gen Alpha. It seemed that most studies did not consider a variety of
user-centric factors with the younger generations (Gen Z and Gen Alpha). If the world of
the Internet is moving towards Web 4.0 with its cryptocurrency, blockchain, and NonFungible Tokens (NFTs) technologies, the younger generations should be considered
more in terms of their attitude towards ecosystems in the studies involving Metaverse in
Education.
Impact

The impact of the Metaverse in education is positive, Liu and Zhang (2012) called the
Metaverse “an important tool in the ever-increasing business scenarios in the international market”. The Metaverse can play an effective role in different learning situations.
For example, in the game-based classroom, the escape game created by the Metaverse
using the VR platform can well facilitate mobile learning (Estudante, & Dietrich, 2020).
The finding shows that students are more active in learning with games in the Metaverse
than in traditional classrooms, and have a strong motivation to use smart devices to
practice science (Estudante, & Dietrich, 2020). Getchell et al. (2010) evaluated the
Metaverse in game-based education from various user functions and argued that the
Metaverse provides a flexible platform for game-based learning and helps to create new
educational environments. Metaverse teaching in virtual environments, such as Second
Life, also has a positive impact, can promote multilingual communication among students and achieve better learning quality (Kanematsu et al., 2010). At the same time, in
order to make the Metaverse play a greater role in the educational virtual environment,
some studies have shown that the application of OpenSim, the related technology of the
Metaverse implementation, has made significant progress in specific fields of engineering research, which brings greater possibilities in educational contexts (González Crespo
et al., 2013).
The Metaverse also has a positive impact on students from different fields. The finding
suggests that the Metaverse has greater customization, higher creativity, and lower risk
to facilitate student interaction, increase motivation and engagement, and extend traditional learning by providing experiences that would otherwise be impossible (Erturk
& Reynolds, 2020; Tarouco et al., 2013). These features enable the Metaverse to have a
large space for implementation in the field of education. Metaverse offers aircraft maintenance students an online alternative to flying, and allows students to socialize and
perform virtual aircraft maintenance in a virtual space, thereby reducing unnecessary
expenses (Siyaev & Jo, 2021b). The Metaverse can also bring positive feedback to language courses, it allows the integration of the language grid system with Second Life,
which enables virtual discussions between students from different countries, and the
translation system will also enable students to have more concrete exchanges (Kanematsu et al., 2010). In the STEM field, the Metaverse is implemented to get students
excited about avatars and virtual three-dimensional spaces that students are eager to
continue learning (Barry et al., 2015). This is because the Metaverse increases the fun
of learning, and the settings in Second Life increase the friendliness of teachers and the
understanding of students (Barry et al., 2015). Last but not least, the Metaverse-driven
classroom can blur the boundary between class participants in virtual and physical environments. As such, we can potentially consider the class participants can form a new
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landscape of social networks in education, which opens new research opportunities
(Wang et al., 2022). However, it should be also noted that more longitudinal research
is needed to truly explore the impact of the Metaverse and be ensure that most of the
aforementioned positive research outputs are not result of the novelty effect of the
Metaverse.
On the other hand, Table 5 presents the identified challenges associated with
Metaverse in education, which can be classified into technological, pedagogical, and
other types. From the technological perspective, network traffic (20.7%) had the highest
percentage, followed by smartphones’ interface design issue (6.9%) and the blink capture
issue (6.9%). Getchell et al. (2010) pointed out that the timeliness of network communications is important, and their demands on the host server system and network traffic are
more intensive. However, the current positioning of size of network communication is
inaccurate and can have strange effects when evaluating students (Getchell et al., 2010).
In addition, there are also studies showing that the Metaverse has a smartphone interface problem because it is a technical problem independent of the Metaverse application
(Estudante & Dietrich, 2020). For example, when students study, they need to manage
and install digital resources for learning through smartphones, combine technology with
traditional classrooms, and create content in different formats of the Metaverse (Díaz,
2020). Reports also suggest that a smartphone’s interface that is too small can limit the
number of students who use it together, reducing team skills and the degree of communication with each other (Estudante & Dietrich, 2020). Furthermore, blink capture
technology is also a major challenge for the implementation of the Metaverse in education. The eye-blink system is often associated with emotional responses when students
discuss various issues, and using this technique in the Metaverse can improve the quality
of learning (Barry et al., 2015). However, studies have shown that the recording of blinking behaviour may be compromised by problems with the student’s eyes themselves, as
well as creating device delays and falsely capturing blinks (Barry et al., 2015).
From the pedagogical perspective, the design of digital resources limits the development of the Metaverse, with a frequency of 13.8%, as shown in Table 5. Díaz et al. (2020)
stated that the design of the Metaverse can provide students with compelling digital
resources, and enable students to interact with academic information and provide interesting experiences. The digital resources implemented in the Metaverse require teachers
Table 5 Associated challenges of Metaverse in education
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to design, improve and provide to the administrators of the Metaverse servers (Díaz
et al., 2020). However, due to the lack of teacher competencies and pedagogical structure
in some applications (6.9% in Table 5), digital resources were not well designed (Erturk &
Reynolds, 2020). It is worth noting that the Metaverse is implemented in education and
there are also challenges of student time management (6.9% in Table 5). In Belei et al.
(2011), it was shown that in the virtual world of the Metaverse, there are more demanding time management and a large number of technical barriers that hinder students’ use.
For example, when students complete a course in a virtual world, effective time management becomes extremely difficult because students do not have enough knowledge of
the technology and how to apply what they read in class (Belei et al., 2011). Finally, the
application of Metaverse in education will also cost a lot of time, design, and practice,
which limits its development (Lucas et al., 2013).

Conclusion, implications, and future research
This study notes that despite the solid ground that it provides about the Metaverse in
education, it still has some limitations that should be acknowledged. For instance, the
obtained findings are limited by the databases and keywords used in this systematic
review. Additionally, this current study did not review papers about the Metaverse in
education which were not in English. These papers might report some interesting findings that could not be covered here. Furthermore, not too many published studies were
identified from the top journals in educational technology, and this might be due to the
infancy of the research topic. Therefore, this current study provides a step forward to
researchers and practitioners about the potential research directions to investigate while
exploring this research topic, namely Metaverse in education.
This study conducted a systematic review on Metaverse in education. The findings
show that the implementation of the Metaverse can expand educational opportunities
to explore environments that have historically been inaccessible due to space, time, and
cost barriers, thus solving real-world problems in virtual worlds. They also reveal the
research gap of lifelogging application in Metaverse education. With the rapid evolution
of technology, more research efforts to deploy lifelogging applications in future classrooms with various technologies, such as AI, blockchain (a system of recording information in a way that makes it difficult or impossible to change, hack, or cheat the system),
and IoT devices (i.e., the nonstandard computing devices that connect wirelessly to a
network and have the ability to transmit data). Furthermore, more research should be
conducted about the effect of Metaverse with students with disabilities. It is worth noting that in order for the Metaverse to be better implemented in the future, it is necessary
to provide technical guidance to teachers, promote training inside and outside the classroom in synchronous and asynchronous modes, and provide students with a dynamic,
engaging, and collaborative virtual platform.
On the other hand, this study would like to draw attention that Metaverse is not a new
technology yet a technology that is reincarnated many times in the past two decades.
As a result of the capacity increase in technology, it is here again with many blessings
and curses. For instance, we have realized that many papers reviewed are lured by the
possibilities emerging with the Metaverse and paid less attention to the threats it presents. Currently, its popularity is driven by the investments made by big tech companies
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and this necessitates approaching with caution as such initiatives may lead to many
threats in the educational landscape. Though its recent history, it is still a technology
in its infancy and it still has many vulnerabilities. For instance, how will users’ security
and privacy be ensured? What is the business model for a virtual space that generates
mass volume of data? What are the moral and ethical principles for an AI powered and
algorithm driven space? What are the expected social and physiological impacts of the
Metaverse, a space that blurs the boundaries of physical and virtual worlds? In brief,
before finding answers to some critical questions, we need to empirically investigate the
blessings of the Metaverse so that we can refrain from its curses and students in the educational landscape are not lost in these immersive and imaginary spaces. Besides, from
the reviewed studies, it is seen that Metaverse in education is built around emerging
technologies which could be a blessing for those universities or schools with advanced
infrastructure, but it could also be a curse for those that suffer from the provided infrastructure, especially in developing countries. Therefore, it is important to investigate
how the Metaverse could be designed to be inclusive and accessible to all students,
hence be one of the strategies to contribute to the United Nation’s Sustainable Development Goals (SDGs), especially SDG4 which is about quality education.
As a final remark, this study emphasizes that Metaverse in education is still in its
infancy which means that there will be many blessings and curses. Metaphorically, as
in the case of the rush to the gold in the wild west, now there is a rush to the meta
gold which implies that we should approach with caution due to a wide range of reasons. Again, as in the discovery of the American continent, Metaverse has many potentials which motivate many investors to colonize it, use it for profit purposes, and build
new communities where they exploit them. If that is the case, we should critically ask
ourselves that how will we position the teaching and learning? Besides, there are other
critical questions to ask. For instance, under the influence of the EdTech companies,
how will we grant agency and empower learners? How will we protect them in an algorithm driven space? Is it a free new virtual world or is it a virtual world where we are
all chained with digital handcuffs? Perhaps, we should think twice before logging in the
Metaverse to query if we sacrifice anything. Are we certain about that the Metaverse is a
product and we are users, or we are products and the Metaverse is a user that mines and
benefits from user generated data? Will it be open to only human users or will there be
many meta bots that manipulate humans? Are we all well prepared for cyber syndromes
in such virtual worlds due to being isolated from the reality in the physical world? If
we are planning to use the synthetic Metaverse for teaching and learning purposes, and
do we have a strategic agenda to humanize such processes? In all, there still are many
critical questions to ask before we fully jump in and immerse to Metaverse because if
we are tempted by the novelty effect of the Metaverse, all we get might be nothing but a
Metaworse.
Abbreviations
MOOCs	Massive open online courses
AR	Augmented reality
VR	Virtual reality
MR	Mixed reality
XR	Extended reality
NLP	Natural language processing

Page 28 of 31

Tlili et al. Smart Learning Environments

(2022) 9:24

CNN	Convolutional neural network
VW	Virtual worlds
MW	Mirror worlds
PBL	Problem-based learning
AI	Artifical intelligence
MUVE	Multi-user virtual environment
LMS	Learning management system
VLL	Virtual learning laboratory
NPC	Non-player character
IoT	Internet of Things
NFTs	Non-fungible tokens
Acknowledgements
Not applicable.
Author contributions
Each author contributed evenly to this manuscript. All authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
The datasets generated and/or analyzed during the current study are not publicly available due to privacy reasons, but
are available from the corresponding author on reasonable request.

Declarations
Competing interests
The authors declare that they have no competing interests.
Author details
1
Smart Learning Institute of Beijing Normal University, Beijing, China. 2 Univ. Polytechnique Hauts‑de‑France, LAMIH,
CNRS, UMR 8201, 59313 Valenciennes, France. 3 INSA Hauts-de-France, 59313 Valenciennes, France. 4 Distance Educa‑
tion Department, Open Education Faculty, Anadolu University, 26470 Eskisehir, Turkey. 5 Department of English Studies,
College of Human Sciences, University of South Africa (UNISA), Pretoria 0003, South Africa. 6 Korea Advanced Institute
of Science and Technology, Daejeon, South Korea. 7 Faculty of Education, Societal Research and Development Center,
Institute of Graduate Studies, Near East University, Mersin 10, Nicosia, North Cyprus, Turkey. 8 Dr. B. R. Ambedkar University
Delhi, Delhi, India. 9 Faculty of Educational Sciences and Teachers’ Training, An-Najah National University, Nablus, Palestine.
10
Research Institute for Innovation and Technology in Education (UNIR iTED), Universidad Internacional de La Rioja
(UNIR), 26006 Logroño, La Rioja, Spain. 11 Department of Computer Science, COMSATS University Islamabad, Lahore
Campus, Islamabad, Pakistan.
Received: 13 April 2022 Accepted: 24 June 2022

References
Araya, N. M. M., & Avila, R. S. H. (2018, November). Collaborative learning through integration of environments real and
virtual-immersive. In 2018 37th International Conference of the Chilean Computer Science Society (SCCC) (pp. 1–8). IEEE.
Bailenson, J. N., Beall, A. C., & Blascovich, J. (2002). Gaze and task performance in shared virtual environments. The Journal
of Visualization and Computer Animation, 13(5), 313–320.
Barbulescu, M., Marinescu, M., Marinescu, V., Grigoriu, O., Neculoiu, G., Sandulescu, V., & Halcu, I. (2011, June). GNU GPL
in studying programs from the Systems Engineering field. In 2011 RoEduNet International Conference 10th Edition:
Networking in Education and Research (pp. 1–4). IEEE. https://doi.org/10.1109/roedunet.2011.5993718
Barry, D. M., Ogawa, N., Dharmawansa, A., Kanematsu, H., Fukumura, Y., Shirai, T., Yajima, K., & Kobayashi, T. (2015).
Evaluation for students’ learning manner using eye blinking system in Metaverse. Procedia Computer Science, 60,
1195–1204. https://doi.org/10.1016/j.procs.2015.08.181
Belei, N., Noteborn, G., & De Ruyter, K. (2011). It’s a brand new world: Teaching brand management in virtual environ‑
ments. Journal of Brand Management, 18(8), 611–623. https://doi.org/10.1057/bm.2011.6
Bermejo Fernandez, C., Lee, L. H., Nurmi, P., & Hui, P. (2021). Para: Privacy management and control in emerging iot ecosys‑
tems using augmented reality. In ACM International Conference on Multimodal Interaction. Association for Computing
Machinery (ACM). Montreal, Canada. https://doi.org/10.1145/3462244.3479885
Bruun, A., & Stentoft, M. L. (2019, September). Lifelogging in the wild: Participant experiences of using lifelogging as a
research tool. In IFIP Conference on Human-Computer Interaction (pp. 431–451). Springer, Cham.
Chayka, K. (2021). Facebook wants us to live in the Metaverse. Accessed from: https://www.newyorker.com/culture/infin
ite-scroll/facebook-wants-us-to-live-in-the-Metaverse
Cimino, C., Negri, E., & Fumagalli, L. (2019). Review of digital twin applications in manufacturing. Computers in Industry,
113, 103130.
Cline, E. (2011). Ready player one. Crown Publishing Group.
Collins, C. (2008). Looking to the future: Higher education in the Metaverse. Educause Review, 43(5), 51–63.

Page 29 of 31

Tlili et al. Smart Learning Environments

(2022) 9:24

Cruz-Lara, S., Osswald, T., Guinaud, J., Bellalem, N., Bellalem, L., & Camal, J. P. (2010). A Chat interface using standards for
communication and e-learning in virtual worlds. In International Conference on Enterprise Information Systems (pp.
541–554). Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-19802-1_37
Davis, A., Murphy, J. D., Owens, D., Khazanchi, D., & Zigurs, I. (2009). Avatars, people, and virtual worlds: Foundations for
research in metaverses. Journal of the Association for Information Systems, 10(2), 90.
Díaz, J. E. M. (2020). Virtual world as a complement to hybrid and mobile learning. International Journal of Emerging Technologies in Learning (iJET), 15(22), 267–274. https://doi.org/10.3991/ijet.v15i22.14393
Díaz, J., Saldaña, C., & Avila, C. (2020). Virtual world as a resource for hybrid education. International Journal of Emerging
Technologies in Learning (iJET), 15(15), 94–109.
Dionisio, J. D. N., Burns, W. G., III., & Gilbert, R. (2013). 3D virtual worlds and the metaverse: Current status and future pos‑
sibilities. ACM Computing Surveys (CSUR), 45(3), 1–38.
Duan, H., Li, J., Fan, S., Lin, Z., Wu, X., & Cai, W. (2021). Metaverse for social good: A university campus prototype. In Proceedings of the 29th ACM International Conference on Multimedia (pp. 153–161). https://doi.org/10.1145/3474085.3479238
Erturk, E., & Reynolds, G. B. (2020). The expanding role of immersive media in education. In International Conference on
E-Learning (pp. 191–194).
Estudante, A., & Dietrich, N. (2020). Using augmented reality to stimulate students and diffuse escape game activities to
larger audiences. Journal of Chemical Education, 97(5), 1368–1374. https://doi.org/10.1021/acs.jchemed.9b00933
Farjami, S., Taguchi, R., Nakahira, K. T., Nunez Rattia, R., Fukumura, Y., & Kanematsu, H. (2011). Multilingual problem based
learning in Metaverse. In International conference on knowledge-based and intelligent information and engineering
systems (pp. 499–509). Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-23854-3_53
Getchell, K., Oliver, I., Miller, A., & Allison, C. (2010). Metaverses as a platform for game based learning. In 2010 24th IEEE
International Conference on Advanced Information Networking and Applications (pp. 1195–1202). IEEE. https://doi.org/
10.1109/aina.2010.125
González Crespo, R., Escobar, R. F., Joyanes Aguilar, L., Velazco, S., & Castillo Sanz, A. G. (2013). Use of ARIMA mathematical
analysis to model the implementation of expert system courses by means of free software OpenSim and Sloodle
platforms in virtual university campuses. Expert Systems with Applications, 40(18), 7381–7390. https://doi.org/10.
1016/j.eswa.2013.06.054
Gunawardena, C. N. (1995). Social presence theory and implications for interaction and collaborative learning in com‑
puter conferences. International Journal of Educational Telecommunications, 1, 147–166.
He, Q., Wang, G., Luo, L., Shi, Q., Xie, J., & Meng, X. (2017). Mapping the managerial areas of building information modeling
(BIM) using scientometric analysis. International Journal of Project Management, 35(4), 670–685. https://doi.org/10.
1016/j.ijproman.2016.08.001
Hirsh-Pasek, K., Zosh, J. M., Hadani, H. S., Golinkoff, R. M., Clark, K., Donohue, C., & Wartella, E. (2022). A whole new world:
Education meets the Metaverse. The Brookings Institution. https://www.brookings.edu/research/a-whole-new-
world-education-meets-the-Metaverse/
Hwang, G. J., & Chien, S. Y. (2022). Definition, roles, and potential research issues of the metaverse in education: An artifi‑
cial intelligence perspective. Computers and Education: Artificial Intelligence, 3, 100082.
Jaffurs, S. E. (2011). SIMPhonic Island: Exploring musical identity and learning in virtual space. L. Green (Ed.), Learning,
teaching, and musical identity: Voices across cultures, 295Y307.
Jha, A. K. (2020). Understanding generation alpha. https://doi.org/10.31219/osf.io/d2e8g
Jones, D., Snider, C., Nassehi, A., Yon, J., & Hicks, B. (2020). Characterising the digital twin: A systematic literature review.
CIRP Journal of Manufacturing Science and Technology, 29, 36–52.
Kanematsu, H., Fukumura, Y., Barry, D. M., Sohn, S. Y., & Taguchi, R. (2010). Multilingual discussion in Metaverse among
students from the USA, Korea and Japan. International Conference on Knowledge-Based and Intelligent Information
and Engineering Systems (pp. 200–209). Springer. https://doi.org/10.1007/978-3-642-15384-6_22
Kanematsu, H., Kobayashi, T., Barry, D. M., Fukumura, Y., Dharmawansa, A., & Ogawa, N. (2014). Virtual STEM class for
nuclear safety education in Metaverse. Procedia Computer Science, 35, 1255–1261. https://doi.org/10.1016/j.procs.
2014.08.224
Kanematsu, H., Kobayashi, T., Ogawa, N., Fukumura, Y., Barry, D. M., & Nagai, H. (2012). Nuclear energy safety project in
Metaverse. Intelligent interactive multimedia: Systems and services (pp. 411–418). Springer. https://doi.org/10.1007/
978-3-642-29934-6_39
Kemp, J., & Livingstone, D. (2006). Putting a Second Life “Metaverse” skin on learning management systems. In Proceed‑
ings of the Second Life education workshop at the Second Life community convention (Vol. 20). CA, San Francisco: The
University of Paisley.
Knox, J. (2022). The metaverse, or the serious business of tech frontiers. Postdigital Science and Education, 4, 207–215.
https://doi.org/10.1007/s42438-022-00300-9
Kye, B., Han, N., Kim, E., Park, Y., & Jo, S. (2021). Educational applications of Metaverse: Possibilities and limitations. Journal
of Educational Evaluation for Health Professions. https://doi.org/10.3352/jeehp.2021.18.32
Lee, L. H., Braud, T., Zhou, P., Wang, L., Xu, D., Lin, Z., Kumar, A., Bermejo, C., & Hui, P. (2021). All one needs to know about
Metaverse: A complete survey on technological singularity, virtual ecosystem, and research agenda. arXiv preprint
arXiv:2110.05352
Liu, M., Fang, S., Dong, H., & Xu, C. (2021). Review of digital twin about concepts, technologies, and industrial applications.
Journal of Manufacturing Systems, 58, 346–361.
Liu, X., & Zhang, J. (2012). Foreign language learning through virtual communities. Energy Procedia, 17, 737–740. https://
doi.org/10.1016/j.egypro.2012.02.165
Lucas, E. P., Benito, J. C., & Gonzalo, O. G. (2013). Usalsim: Learning and professional practicing in a 3d virtual world. In 2nd
International Workshop on Evidence-based Technology Enhanced Learning (pp. 75–82). Springer, Heidelberg. https://
doi.org/10.1007/978-3-319-00554-6_10
Metaverse Roadmap Summit, 2006. (n.d.). Elon University. https://www.elon.edu/u/imagining/event-coverage/Metav
erse/

Page 30 of 31

Tlili et al. Smart Learning Environments

(2022) 9:24

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., Prisma Group. (2010). Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. International Journal of Surgery (london, England), 8(5), 336–341.
Moiso, C., & Minerva, R. (2012). Towards a user-centric personal data ecosystem the role of the bank of individuals’ data.
In 2012 16th International conference on intelligence in next generation networks (pp. 202–209). IEEE. https://doi.org/10.
1109/icin.2012.6376027
Moore, K., Jones, C., & Frazier, R. S. (2017). Engineering education for generation Z. American Journal of Engineering Education (AJEE), 8(2), 111–126. https://doi.org/10.19030/ajee.v8i2.10067
Mystakidis, S., Fragkaki, M., & Filippousis, G. (2021). Ready teacher one: Virtual and augmented reality online professional
development for K-12 school teachers. Computers, 10(10), 134. https://doi.org/10.3390/computers10100134
Nagy, Á., & Kölcsey, A. (2017). Generation alpha: Marketing or science? Acta Technologica Dubnicae, 7(1), 107–115. https://
doi.org/10.1515/atd-2017-0007
Narin, N. G. (2021). A content analysis of the metaverse articles. Journal of Metaverse, 1(1), 17–24.
Ning, H., Wang, H., Lin, Y., Wang, W., Dhelim, S., Farha, F., Ding, J., & Daneshmand, M. (2021). A survey on metaverse: the
State-of-the-art, technologies, applications, and challenges. arXiv preprint. https://doi.org/10.48550/arXiv.2111.09673
Park, S., & Kim, S. (2022b). Identifying world types to deliver gameful experiences for sustainable learning in the
Metaverse. Sustainability, 14(3), 1361.
Park, S. M., & Kim, Y. G. (2022a). A Metaverse: Taxonomy, components, applications, and open challenges. IEEE Access, 10,
4209–4251. https://doi.org/10.1109/access.2021.3140175
Park, S., Min, K., & Kim, S. (2021). Differences in learning motivation among Bartle’s player types and measures for the
delivery of sustainable gameful experiences. Sustainability, 13(16), 9121. https://doi.org/10.3390/su13169121
Pereira, C. E., Paladini, S., & Schaf, F. M. (2015). 3D autosyslab prototype-a social, immersive and mixed reality approach for
collaborative learning environments. International Journal of Engineering Pedagogy (iJEP), 2(2), 15. https://doi.org/10.
3991/ijep.v2i2.2083
Rapanotti, L., & Hall, J. (2010). Lessons learned in developing a Second Life educational environment.
Reyes, C. E. G. (2020). Perception of high school students about using Metaverse in augmented reality learning experi‑
ences in mathematics. Pixel-Bit: Media and Education Magazine, 58, 143–159.
Schlemmer, E., & Backes, L. (2015). Learning in metaverses: Co-existing in real virtuality. IGI Global. https://doi.org/10.4018/
978-1-4666-6351-0
Shen, B., Tan, W., Guo, J., Zhao, L., & Qin, P. (2021). How to promote user purchase in metaverse? A systematic literature
review on consumer behavior research and virtual commerce application design. Applied Sciences, 11(23), 11087.
Siyaev, A., & Jo, G. S. (2021a). Neuro-symbolic speech understanding in aircraft maintenance metaverse. IEEE Access, 9,
154484–154499. https://doi.org/10.1109/access.2021.3128616
Siyaev, A., & Jo, G. S. (2021b). Towards aircraft maintenance Metaverse using speech interactions with virtual objects in
mixed reality. Sensors, 21(6), 2066. https://doi.org/10.3390/s21062066
Sourin, A. (2017). Case study: Shared virtual and augmented environments for creative applications. Research and
development in the academy, creative industries and applications (pp. 49–64). Springer. https://doi.org/10.1007/
978-3-319-54081-8_5
Stephenson, N. (1992). Snow crash: A novel. Spectra.
Tarouco, L., Gorziza, B., Corrêa, Y., Amaral, É. M., & Müller, T. (2013). Virtual laboratory for teaching Calculus: An immersive
experience. In 2013 IEEE Global Engineering Education Conference (EDUCON) (pp. 774–781). IEEE. https://doi.org/10.
1109/educon.2013.6530195
Tlili, A., Altinay, F., Huang, R., Altinay, Z., Olivier, J., Mishra, S., Jemni, M., & Burgos, D. (2022). Are we there yet? A systematic
literature review of open educational resources in Africa: A combined content and bibliometric analysis. PLoS ONE,
17(1), e0262615. https://doi.org/10.1371/journal.pone.0262615
Tootell, H., Freeman, M., & Freeman, A. (2014). Generation alpha at the intersection of technology, play and motivation. In
2014 47th Hawaii international conference on system sciences (pp. 82–90). IEEE. https://doi.org/10.1109/hicss.2014.19
Van Eck, N. J., & Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics, 2(84), 523–538. https://doi.org/10.1007/s11192-009-0146-3
Van Eck, N. J., & Waltman, L. (2013). Vosviewer Manual. Leiden: Univeristeit Leiden, 1(1), 1–53.
Van Eck, N. J., & Waltman, L. (2017). Citation-based clustering of publications using CitNetExplorer and VOSviewer. Scientometrics, 111(2), 1053–1070.
Vogel, R., & Masal, D. (2015). Public leadership: A review of the literature and frame-work for future research. Public Management Review, 17(8), 1165–1189. https://doi.org/10.1080/14719037.2014.895031
Wagner, R., Piovesan, S. D., Passerino, L. M., & de Lima, J. (2013). Using 3D virtual learning environments in new perspec‑
tive of education. In 2013 12th International Conference on Information Technology Based Higher Education and Training (ITHET) (pp. 1–6). IEEE. https://doi.org/10.1109/ithet.2013.6671019
Wang, Y., Lee, L. H., Braud, T., & Hui, P. (2022). Re-shaping Post-COVID-19 teaching and learning: A blueprint of virtual-phys‑
ical blended classrooms in the metaverse era. In The 1st International Workshop on Social and Metaverse Computing
and Networking in conjunction with IEEE ICDCS’22. Bologna, Italy, Jul 10–13, 2022. Preprint available at arXiv:2203.
09228
Wiederhold, B. K. (2022). Ready (or Not) player one: Initial musings on the metaverse. Cyberpsychology, Behavior, and Social
Networking, 25(1), 1–2. https://doi.org/10.1089/cyber.2021.29234.editorial
Yilmaz, R. M., Topu, F. B., & TakkaçTulgar, A. (2019). An examination of the studies on foreign language teaching in preschool education: A bibliometric mapping analysis. Computer Assisted Language Learning. https://doi.org/10.1080/
09588221.2019.1681465
Zhao, Y., Jiang, J., Chen, Y., Liu, R., Yang, Y., Xue, X., & Chen, S. (2022). Metaverse: Perspectives from graphics, interactions
and visualization. Visual Informatics, 6(1), 56–67.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Page 31 of 31

