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Abstract

This study investigates the multifaceted impacts of Metaverse Based Language Teaching on high school L2
vocabulary learning and retention, engagement, community feeling, and diverse dimensions of presence, namely
social, cognitive, teaching, and overall presence. Adopting a quasi-experimental design, the study provides an in-
depth controlled trial. The participants in this study consist of 86 (43 male, 43 female) high school English language
learners in Turkiye, who are assigned to two groups. The control group uses traditional instructional technologies
while the experimental group engages with metaverse technology. The lessons are based on social constructivist
theory for both groups. Pre- and post-tests are employed to quantitatively assess vocabulary learning and retention
and reveal substantial improvements in both areas. A series of carefully selected psychometric scales capture core
aspects of engagement, community feeling, and presence. The findings reveal increased levels of engagement and
a sense of presence, and connectedness within the language learning community, which confirms the efficacy

of the MBLT. However, the improvement in social presence does not reach statistical significance. Cumulatively,

the findings of this research transcend mere quantifiable improvements in vocabulary learning and retention.

They reveal a holistic transformation of the language learning experience by emphasizing the significance of

social interactions and digital embodiment in high school second language education through metaverse. The
research highlights the metaverse’s potential in shaping the future of language education, reimagining traditional
paradigms, and proposing a new era of immersive, interactive, and transformative pedagogy.
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Introduction

If we were to search for the prompt “photo of a class-
room in the 1950s” in a search engine and compare the
results with today’s classrooms, we might be surprised
not by their stark differences but by their striking similar-
ities. Then, one may wonder why the classrooms remain
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almost the same while almost everything changes. In an
era defined by a growing need for innovative educational
approaches, the metaverse, an immersive environment,
has the potential to revolutionize traditional pedagogi-
cal practices. As the boundaries between the physical and
digital worlds continue to blur in other sectors, educators
and researchers are increasingly exploring the transfor-
mative power of the metaverse in shaping the future of
education [1]. Metaverse can offer unique opportunities
for students that they may be unable to access in their
real lives due to economic, social, and practical limita-
tions. It is often challenging or impractical to go beyond
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the concrete walls of our classrooms during the lesson
physically. However, we can help learners explore the
affordances (learning opportunities) outside those walls
virtually. As in explorative learning, the metaverse pro-
vides students with authentic experiences [2], and it may
encourage the development of communicative compe-
tence through social interactions with others [3]. Rather
than writing on a chalkboard or a smartboard, teachers
can design fully personalized smart learning environ-
ments tailored to students’ needs and the lesson’s objec-
tives in the metaverse.

The integration of technology, particularly in language
teaching, has witnessed remarkable advancements that
open up new possibilities for engaging and interactive
learning experiences [4—10]. The metaverse concept,
which encompasses interconnected virtual worlds and
shared digital spaces, adds a new dimension to the poten-
tial applications of virtual environments in language
teaching. Metaverse offers students the opportunity to
engage in exploratory language learning activities within
computer-generated, interactive, and often immersive
settings [11-16]. For example, in the metaverse, students
can interact with other English-speaking individuals from
different parts of the world, explore their cultures, engage
in activities, and learn from each other. The immersive
experiences within the metaverse may replicate specific
scenarios that allow learners to practice foreign/second
language skills [4—6] and expand their vocabulary rep-
ertoire in relevant and meaningful contexts [9]. Such an
immersive metaverse space can be designed to enhance
second language (L2) vocabulary learning, which is a
fundamental aspect of second/foreign language learning
[17].

Nevertheless, in traditional language teaching, L2
learners often face slower progress due to limited expo-
sure to the target language (TL) and have lower language
practice opportunities compared to those immersed in
an L2 environment [18-20]. This may hinder vocabu-
lary learning and retention because students learn more
vocabulary in an environment where higher levels of
involvement load [10, 21, 22] and exposure frequency
[19, 23] is offered. Metaverse can be designed as a solu-
tion to address this issue. Therefore, motivated by the
United Nation’s Sustainable Development Goal 4: Qual-
ity Education [9, 24], this paper aims to provide a novel
approach to ELT by using the metaverse for L2 pedagogy
and investigates the effect of the metaverse on English
language learners’ vocabulary learning and retention,
classroom community feeling, engagement, and their
social, cognitive, teaching, and overall presence levels.

Metaverse-based language teaching
Linguistic environment plays a crucial role in L2 learn-
ing and acquisition [25]. Metaverse platforms are highly
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immersive since they can integrate virtual reality (VR),
augmented reality (AR), mixed reality (MR), extended
reality (XR), and other digital technologies that enhance
the feeling of reality [26]. It might be tempting to ask
why we need a virtual reality when there is reality. The
answer is simple: the reality we desire or need may often
be unavailable or inaccessible. For instance, hypotheti-
cally, an L2 teacher would like to teach new vocabulary
about aquatic life in the ocean. Could they bring the
ocean into the L2 classroom? With metaverse, they can
virtually teach about marine life by interacting with the
learners under a virtual ocean. Thus, Metaverse-Based
Language Teaching (MBLT) has emerged as a promis-
ing technological-pedagogical approach in the field of
English Language Teaching (ELT) parallel to the growth
of AR/VR/MR/XR and Al technologies and the increas-
ing popularity of virtual environments and the growth
of web 3.0 platforms. The metaverse itself is not a novel
concept [27], and it was coined in 1992 by the novelist
Neal Stephenson in his science fiction book Snow Crash.
Metaverse refers to a virtual world or a collective virtual
shared space that is created [28] by the convergence of
various digital technologies and media, such as audio,
video, images, animations, 3D objects and interactive
elements such as slideshows, where users can interact
with each other [14, 29] and with the environment in a
simulated 3D space [30]. Metaverse is a persistent virtual
space that can be accessed and experienced by learners
through the use of avatars [31], which are the digital rep-
resentations (online or digital self) of the learners. These
avatars are believed to represent Gen Z learners well in a
digital environment [32-34]. While the use of avatars in
the metaverse provides several benefits, the utilization of
avatars has also raised concerns, including but not lim-
ited to matters about privacy, the safeguarding of intel-
lectual property rights, and the potential for personal
harm [35], especially in platforms in which users are pro-
vided with high degrees of freedom and anonymity [28].
For that reason, taking specific precautions might benefit
such as setting metaverse space as private, agreeing on
metaverse classroom rules with the students, and getting
supervisor control over the students (i.e., ability to sum-
mon students near your avatar, or limiting the mobility of
an avatar).

Metaverse allows for various forms of social [30], eco-
nomic [36], and cultural activities, which provide several
opportunities for human interaction [12], communica-
tion [37], and creativity [3]. Metaverse is also practical,
affordable [38], and environmentally friendly, especially
compared to the physical world. This is because the
cost of accessing metaverse is as low as having a smart-
phone, tablet, or computer connected to the internet
[39]. However, more immersive experiences require VR
headsets that are relatively expensive. Furthermore, it
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can be accessed worldwide, eliminating location con-
straints. Web 3.0-powered metaverse platforms may
integrate various foundational AI technologies to pro-
vide immersive and interactive experiences [40], such as
sensors for visual perception, natural language process-
ing for speech recognition and generating human-like
language and language understanding, machine learning
algorithms for personalization, and virtual assistants for
user interaction and guidance. This demands a newer
definition of metaverse than previously offered in the lit-
erature [14]. In the context of this study, the metaverse
is an interconnected realm of immersive virtual worlds
empowered by advanced digital technologies, which fos-
ters user interaction within a simulated 3D environment
and facilitates seamless integration with diverse Web 3.0
platforms across various devices by serving a multitude
of purposes.

As the metaverse can host various forms of digital
content with multiple technologies, it can be embed-
ded into ELT educational materials to create affordances
[41] for learners. It is indicated in the academic litera-
ture that such virtual environments increase learners’
motivation, self-confidence [42, 43], achievement [44],
communication, and collaboration [45], teamwork skill
and self-directed learning [46] and engagement [9]. The
metaverse has found integration in diverse educational
contexts, including but not limited to pediatric dentistry
[47], language learning [48], educational equity [12], air-
craft maintenance education [49], information technol-
ogy education [50], and the teaching of history [51].

Given that the MBLT is a contemporary concept,
the theoretical foundation still needs to be developed
within Computer-Assisted Language Learning (CALL)
research and practice. CALL often implements a range
of theoretical frameworks such as Interactionist Second
Language Acquisition (ISLA), Social Constructivism,
and Sociocultural Theory in various instructed ELT set-
tings [52]. ISLA, credited to Long [25], emphasizes the
negotiation of meaning in interactions between learners
and speakers of the target language. On the other hand,
social constructivism asserts that learners construct
knowledge via social interactions, emphasizing the role
of social and cultural factors in learning [53]. Based on
Vygotsky’s work, sociocultural theory stresses the impor-
tance of cultural values in shaping learning [54]. Using
these theories, the English language learning process can
be enhanced through the real-time multisensory social
interactions offered in MBLT [55].

Therefore, ISLAs emphasis on negotiated mean-
ing finds resonance in MBLT’s facilitation of real-time,
multisensory social interactions, which contributes to
an enriched language learning experience. Social Con-
structivism manifests in MBLT’s collaborative learning
approach within the metaverse, which fosters knowledge
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construction through interaction. Sociocultural Theory is
integrated into MBLT by recognizing the culture in lan-
guage learning, and enhancing language learning with
diverse and culturally relevant content. Together, these
theoretical foundations form a comprehensive frame-
work, which elevate MBLT as a dynamic techno-peda-
gogical approach in English language education.

The definition of cognition within MBLT

Recent research in cognitive science informs CALL
research and practice that cognition and body may not
be isolated from each other [56-58], and action may
facilitate the language learning process [59-61]. As the
metaverse allows learners to have a virtual body through
avatars [62], they embody their digital selves parallel to
their real selves. Within embodied cognition, cogni-
tive processes, such as perception and language, are
grounded in bodily experiences and interactions with and
within an environment [63]. In other words, our thoughts
and actions are not merely determined by the brain but
are also influenced by the physical and social context
in which we exist. For instance, our interactions with
objects within an environment lead to the creation of
mental representations concerning their characteristics
and potential uses, subsequently influencing our future
actions and thoughts regarding those objects. In a simi-
lar vein, the metaverse holds the capacity to elevate our
embodied experiences, offering fresh avenues for engag-
ing with and delving into virtual environments.

Virtual embodied cognition is the idea that our cogni-
tion can be influenced by the experience of being embod-
ied in a virtual environment via an avatar [64—66]. This
may play a key role in how the metaverse facilitates learn-
ing by providing higher degrees of social presence [37,
67, 68], enjoyment [69] and cognitive abilities [69, 70].

Engaging in an embodied learning environment raises
several essential considerations. These include assess-
ing the extent to which learners are truly immersed in
the experience, the strength of their sense of community,
their awareness of other instructors, and their cognitive
engagement with the learning activities. Despite being
rooted in extended reality (XR) technologies, the meta-
verse is still in its early stages of development, and its
potential and the various factors that influence learning
within this environment are underexplored. At this junc-
ture, it is essential to investigate how students perceive
their presence in the learning environment and the emo-
tional aspects associated with their experiences. These
issues should be approached not only from a cognitive
perspective but also from an affective standpoint.

Community feeling
Community feeling is a profound and often intangible
aspect of human interaction that manifests in a strong



Celik and Baturay BMC Psychology (2024) 12:58

emotional bond among classroom members, such as the
teacher and the learners. In L2 settings, it refers to the
sense of belonging, connection, and shared identity that
individuals experience within an L2 classroom [71]. The
MBLT presents a promising environment for enabling
social interaction, fostering communication, and pro-
viding exposure to target language input. Using the
metaverse for language learning can include integrating
social and cultural elements by creating engaging virtual
environments that facilitate culturally appropriate social
interactions [53, 54] for language learners. Therefore, it
can potentially enhance the classroom community feel-
ing [72-74] by allowing students to interact with each
other and their instructor in a virtual space in meaning-
ful ways, which might foster a sense of belonging and
collaboration.

Presence

The existing research highlights the potential impact of
presence on the learning process [75-79]. Three key
constructs inform us about learning in a community of
inquiry [78], grounded in constructivism [11, 80, 81].
Cognitive presence refers to the extent to which learners
can construct and confirm their understanding of a sub-
ject or topic through collaborative and reflective discus-
sion. Another one, teaching presence refers to the design,
facilitation, and direction of instructors that they often
provide in virtual or blended learning environments.
This presence is not limited to the instructor; it can also
involve peer teaching and collaboration, where learners
take on teaching roles in group projects or discussions.
Finally, social presence refers to the degree to which par-
ticipants in a virtual interaction or community perceive
and experience a sense of connection, sociability, and
the presence of others despite the physical separation in
online interactions. It is an indicator of a rich and engag-
ing digital learning experience. Nevertheless, some stud-
ies have been inconclusive in confirming a direct link
between social presence and the learning outcomes [82,
83].

User engagement

While there have been several studies investigating L2
learner engagement [71, 84, 85], the user engagement
comes into play when evaluating the engagement dur-
ing the process of human-computer interaction. User
engagement refers to a dimension of user experience
defined by the extent of a user’s cognitive, temporal,
affective, and behavioral commitment during interac-
tions with a digital technology [86]. The determinants of
user engagement are diverse and depend on the context
[87]. Personal factors, including demographics, cognitive
abilities, and personality traits, may shape the way indi-
viduals engage with digital content [88]. System-related
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factors, such as usability, design aesthetics, and function-
ality, may also play a crucial role in attracting and retain-
ing users [89]. Additionally, social factors, such as social
presence contribute significantly to user engagement in
online environments [90].

Use of Spatial.io as a tool for MBLT

Over a decade, many scholars have found the posi-
tive impacts of the metaverse in learning and teaching,
and most of these studies have used similar software
such as Second Life [43, 64, 91-95] which is an internet-
based multimedia platform enabling individuals to craft
personalized avatars and engage with fellow users and
user-generated content in a collaborative virtual world
environment. A meta-review examined 167 empirical
studies on 3D virtual learning environments in education
and revealed that Second Life was one of the most popu-
lar platforms, with case studies and quasi-experimental
designs being common and language learning extensively
studied [16]. However, due to its practical limitations,
many educators have been cautious about incorporating
Second Life into their curricula.

Notably, old-generation metaverse platforms such as
Second Life lacks cross-platform compatibility, restrict-
ing access to those with computers or laptops, which
not all students possess or can easily transport to school.
Another significant issue with older metaverse platforms
is the requirement for users to download software and
updates [96], which can disrupt the classroom environ-
ment, with some students unprepared to join and oth-
ers left waiting. Furthermore, some of the old metaverse
platforms’ open-ended nature can distract learners, as
they may lack clear objectives for learners to complete
[97] and may raise concerns about safety due to its unre-
stricted access [98]. Moreover, old metaverse platforms
falls short in their foundational support for new technol-
ogies such as spatial computing, AR/VR, blockchain and
Web 3.0 platforms although the widespread recognition
of the metaverse today can be attributed to the emer-
gence of these advanced technologies. Platforms such as
Second Life do not allow educators to easily structure the
virtual environment for particular teaching contexts and
provide them with control over the teaching process. As
a cutting-edge metaverse platform, Spatial allows learn-
ers to create personalized virtual avatars and immersive
spaces for live events and social interactions. With Spa-
tial, learners can step into the metaverse via their smart-
phones, tablets, and computers, or for enhanced reality,
they can use VR headsets. In it, the students may feel like
they are truly transported to a different place that is dis-
tinguishable from just browsing a website or watching a
video. Spatial is practical and adaptable, so that it may
be suitable for almost any lesson. Upon critically review-
ing the literature on the use of metaverse in language
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education, we believe modern metaverse platforms like
Spatial offer much more than conventional metaverse
platforms.

Spatial empowers learners to individualize their edu-
cational journey by creating avatars and immersive envi-
ronments to foster self-directed and tailored learning.
This enables them to align their virtual environment with
their personal interests, preferences, and educational
objectives. Such personalized learning experiences have
the potential to sustain learner engagement and moti-
vation [37]. Spatial might also be helpful for learners to
interact with each other and their teacher in a virtual
space. The learners can collaborate on tasks, participate
in group discussions, and receive feedback on their lan-
guage skills. This interactive learning can help learners
develop their communication skills, e.g., while learning
English. Last but not least, Spatial can create authentic
environments, which can help learners practice real-life
scenarios. For example, learners can practice ordering
food at a restaurant, buying a ticket at a train station, or
negotiating a business deal. These simulations can help
language learners build their confidence and fluency in
the target language. In the current study, a modern meta-
verse platform, Spatial, is investigated comprehensively
in the context of CALL research and practice.

Spatial can be especially useful for teaching and learn-
ing English. Firstly, it can simulate real-life situations and
allow learners to practice their English in a safe, authen-
tic, and supportive environment with a highly immersive
and interactive language learning experience. As it allows
learners to create customized virtual spaces and privacy
settings, only those you let can access the environment,
making it safer for pedagogical use. Secondly, Spatial
may help learners improve their L2 skills by creating vivid
memories of shared experiences beyond mere observa-
tions of educational videos or listening to pre-written
texts, making them active in the learning process. This
can also improve learners’ memory retention by eliminat-
ing the external stimuli caused by the physical environ-
ment [99]. Learners may better remember a conversation
with a more knowledgeable English speaker in a virtual
environment than watching a video or reading a text, as it
is highly immersive.

Empirical studies informing MBLT

Metaverse offers novel perspectives to the education sys-
tem by letting learners go beyond the brick-and-mortar
walls of the physical schools and engage with new learn-
ing opportunities within a virtual environment [100].
Recent research on the integration of metaverse has
revealed promising opportunities in the field of L2 teach-
ing and learning, such as increasing teaching efficacy
[101], motivation [42], confidence [102], willingness to
speak [103], and achievement [37, 104]. Virtual learning
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environments (VLE) facilitate L2 learning by reducing
anxiety [105, 106], decreasing timidity and fear of embar-
rassment [91], promoting practical collaborative tasks
[17] collaboration [45]. Recent studies have also shown
that the use of VLEs can improve speaking and listening
skills in English [2, 42, 105, 107-110].

The gap and the present study

The literature reveals significant gaps in MBLT research
and practice. These gaps include studies on modern
metaverse platforms such as Spatial.io, a lack of explora-
tion of MBLT, an underdeveloped theoretical framework
for MBLT, the need for understanding its place under
CALL, unaddressed privacy and ethical concerns, and the
absence of empirical studies evaluating the effectiveness
of MBLT. Addressing these gaps is crucial for advancing
our understanding of MBLT. Therefore, in the current
study, we propose Spatial platform to design an innova-
tive, educational, smart, and interactive MBLT environ-
ment. We believe that MBLT can enhance any language
skill when effective pedagogical strategies are incorpo-
rated. However, in the present study, we commenced by
examining the effect of using Spatial as an MBLT tool
on L2 vocabulary learning and retention, focusing on the
following research questions:

(1)How does a metaverse-based vocabulary learning
environment influence high school L2 students’
vocabulary learning and retention?

(2) To what extent does a metaverse-based vocabulary
learning environment with a social constructivist
approach impact the engagement of high school L2
students?

(3) What is the effect of a metaverse-based vocabulary
learning environment on the development of
community feeling among high school L2 students?

(4)In what ways does a metaverse-based vocabulary
learning environment with a social constructivist
approach influence the social, cognitive, teaching,
and overall presence levels of high school L2
students?

Method

The research design

The present study employed a quasi-experimental design
[111] with one control group and one experimental
group. This design was chosen to investigate the effects
of using metaverse on high school student’s vocabu-
lary learning and retention, as well as on their cogni-
tive, social, and teaching presence in the environment,
students’ sense of classroom community and engage-
ment. Randomly assigning students to metaverse and
non-metaverse groups was not feasible because the high
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Table 1 Demographics of the participants

Items f %
Gender
Male 43 50
Female 43 50
Age
13-15 42 48.84
16-18 44 51.16
Metaverse Experience
No experience 24 2791
Very little 14 16.28
Little 19 22.09
Moderate 15 17.44
High 9 1047
Very high 26 5.81
Total (for each item) 86 100

school had pre-determined classes in which students
were placed. A quasi-experimental design allowed for
the study of naturally occurring groups: different classes
of high school students. Therefore, all the classes in the
high school in grades nine, 10, and 11 included in the
study and these classes randomly assigned to control
and experimental groups to have equal chance of being
selected as a control or experimental group.

Study context

The present study took place at a private high school
in Turkiye, which was managed by a non-profit organi-
zation. The high school was part of a campus with two
other buildings including kindergarten, primary and
secondary school. There were three languages that
were taught: English, German, Russian and French. The

Fig. 1 Overview of the designed Metaverse
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students were instructed with 10 h of compulsory Eng-
lish weekly while they learned one additional language
based on their selection among the other languages two
times a week. Each classroom had a smartboard, inter-
net connection and at most 24 desks. There were eight
classrooms with two classrooms for each grade level from
grade nine to 12. The English language teachers were pro-
vided with continuous professional development oppor-
tunities including seminars and webinars by the Foreign
Languages Directorate of the organization. The students
were instructed with National Geographic’s Perspectives
Coursebooks during the year in which the study was con-
ducted. The language of instruction was English only in
the English course, and the students used their mother
tongue in all the other lessons.

The participants

86 high school students (43 males and 43 females) partic-
ipated in the study. The students were learning English as
a primary and compulsory foreign language. The partici-
pants were selected based on purposeful sampling [112].
The inclusion criteria required participants to be enrolled
in L2 classes at the high school level. The participants
were aged between 14 and 17. The students were divided
into control and experimental groups, with 43 students in
each group. The groups were matched in terms of their
average proficiency in English with, which was deter-
mined based on their scores in a test covering listening,
reading, writing, and use of English by a standardized
test. Their proficiency level ranged between B1-B2. Each
group consisted of an equal number of students from
grades 9, 10, and 11, which ensures a balanced represen-
tation (Table 1).

@ Spatial
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Table 1 illustrates that females and males and age
groups were almost proportionate. The students were
divided into control and experimental groups, keeping
the proportioning almost the same.

The instruments

The study aimed to examine the effect of using metaverse
on vocabulary learning and retention of L2 learners, their
cognitive, social, and teaching presence; engagement and
sense of classroom community feeling.

Vocabulary learning and retention test

A new vocabulary learning test [see Supplementary file
1] was developed by one of the researchers, who was an
L2 teacher to be used in the present study. The test items
were carefully designed to measure participants’ knowl-
edge and retention of vocabulary specifically related to
the lesson materials and aligned with the course’s learn-
ing objectives. The test was a five-option multiple-choice
test consisting of 20 items. Each item was worth five
points, and the maximum score a student could get was
100. After the test was developed, it underwent a rigor-
ous review process by three experienced English lan-
guage teachers who taught students at the same high
school level. This ensures the test’s validity and reliability.
The test was administered as a pre-test before the inter-
vention that served as a baseline measurement and the
same test was utilized again as a post-test immediately
after the completion of the intervention. This pre-and
post-test design allowed for an assessment of the impact
of the metaverse intervention on participants’ vocabulary
learning and retention, and it provided valuable data for
the study. 25 days after the last intervention, the same test
was applied again to measure retention. In pre-, post-,
and retention tests, we randomized the order of ques-
tions and the options to enhance the internal validity.

The community of inquiry (Col) framework

The Col framework [113], was used to measure cognitive,
social, and teaching presence in the metaverse environ-
ment. The questionnaire assessed learners’ perceptions
of the presence concerning quality of these three dimen-
sions in the classroom environment. The questionnaire
consisted of 34 Likert-type items rated on a 5-point scale,
ranging from 1 (strongly disagree) to 5 (strongly agree).
The questionnaire was administered to the participants
at the end of the intervention. The internal consistency
(Cronbach’s Alpha) resulted in scores of 0.94 for teaching
presence, 0.91 for social presence, and 0.95 for cognitive
presence [113]. The questionnaire was used as a pre and
post-test for both metaverse and non-metaverse groups.
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Sense of classroom community scale

The scale helps measure the strength and quality of rela-
tionships and interactions among students and between
them and their instructors. To measure students’ com-
munity and connectedness feelings in the metaverse
learning environment, we used the Classroom Commu-
nity Scale developed by Rovai [114]. It was adapted and
validated to be used for a virtual learning environment
with the intra-class correlation coefficients for the over-
all scale, as well as for the connectedness and learning
sub-dimensions are 0.939, 0.935, and 0.944, respectively;
and internal consistency scores were 0.87, 0.86 and 0.85,
respectively [74]. The scale comprises 20 items using a
five-point Likert-style format, where respondents express
their agreement or disagreement to scale items [74]. The
scale used as a pre- and post-test for both control and
experimental groups.

User engagement scale

The scale was designed by [87] to assess how engaged
and involved users are when interacting with technol-
ogy, such as websites, apps, or digital content. The User
Engagement Scale [87] was chosen as it was a reliable
and up-to-date tool that was designed to measure user
engagement focusing on evaluating how engaging a
technological tool was for a user. The scale has four key
dimensions: Focused Attention, Perceived Usability, Aes-
thetic Appeal, and Reward Factor, which collectively con-
tributed to the overall User Engagement score.

We used the short form of the scale, which consisted of
12 items and included five dimensions: focused attention
(a=0.92), perceived usability (a=0.92), aesthetic appeal
(x=0.90), and reward factor («=0.87). The scale utilized
a 5-point Likert-type response format from strongly dis-
agree to strongly agree. The scale was used as a post-test
for the experimental group and was not applied to the
control group as the aim of it was to understand user
engagement within the metaverse environment.

Procedure
A metaverse environment was designed in Spatial.io by
one of the researchers [115]. The design process involved
user-friendly drag-and-drop controls; no coding knowl-
edge was required. Participants could navigate in the
metaverse environment by using the WASD buttons on
the keyboard to move their avatars and the mouse’s left-
click button to interact with objects. The researchers uti-
lized the Isle Gallery template, which was selected based
on the aim of the lesson and the preferred pedagogical
procedures.

The metaverse space included the presentation of tar-
get vocabulary-related 3D objects in flashcards, animated
pictures (GIFs), static pictures, and texts (Fig. 1). Next, an
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MBLT lesson plan was prepared to ground it in the social
constructivist theory of SLA [see Supplementary file 2].

The lesson plan included various activities, such as a
jigsaw reading activity, group work, and group discus-
sions, to promote vocabulary learning and engagement.
Collaborative learning is a prominent feature of social
constructivism. The lesson plan encourages students to
work in pairs during various stages of the lesson, such
as when they gather information about their assigned
animals and engage in discussions about raising aware-
ness. Collaborative learning enables students to engage
in meaningful dialogue, share perspectives, and co-
construct knowledge. By working together, students can
build on each other’s ideas, challenge assumptions, and
better understand the subject matter. The interactive
elements facilitate active engagement and exploration.
These tools allow students to seek information, ask ques-
tions, and interact with the content, the teacher, and their
peers. This aligns with the social constructivist belief
that knowledge is actively constructed through dialogue,
inquiry, and hands-on exploration. Questioning and dis-
cussion play a pivotal role. Students are encouraged to
generate their questions about the endangered animals
and engage in discussions with their peers.

Data collection process

After obtaining informed consent of the participants’
parents, verbal assent from the participants, permission
to conduct the study from the school administration and
its headquarters and ethics committee approval from the
university, the data collection process was commenced.
The instruments were delivered to the participants in a
carefully organized sequence. The sequence included
pre-intervention, during-intervention, and post-inter-
vention phases and are summarized as follows:

Pre-intervention

Before the intervention, the researchers obtained ethi-
cal approval from the Ethics Committee. Informed con-
sent forms were prepared and distributed to the parents/
legal guardians of the participating students. During
this phase, the participants’ demographic information,
including age, gender, and grade level, was collected.
Additionally, the participants’ proficiency in English
was assessed using a standardized test. The test assessed

Table 2 Instrument delivery times

Page 8 of 17

participants’ listening, reading, writing skills, and use of
English. The test results were used to ensure that the con-
trol and experimental groups had similar English profi-
ciency levels.

Participants were then assigned to the control or
experimental groups based on their class enrollment.
The assignment was done to ensure an equal number of
students from grades 9, 10, and 11 in both MBLT and
traditional language teaching groups. While the control
group students were exposed to regular English language
instruction, the experimental group students participated
in the vocabulary learning activities in the tailored MBLT
environment. Following these, the vocabulary learning
pre-test, classroom community scale pre-test and Col
framework pre-test were implemented to measure the
vocabulary levels of the participants prior to the MBLT
intervention. The structure of the delivery times is illus-
trated in Table 2.

During intervention

Several steps applied during the intervention. The treat-
ment phase involved the implementation of two different
lesson plans for the control and experimental groups.

Experimental Group: The experimental group engaged
in vocabulary learning activities in the tailored meta-
verse environment created in Spatial.io (Fig. 2). A lesson
plan was designed by the researchers based on activities
grounded in social constructivism [see Supplementary
file 2]. The lesson plan incorporated the interactive fea-
tures of the metaverse, allowing students to explore 3D
objects, view animated pictures, access static pictures,
and interact with textual information on the topic. The
students navigated in the metaverse environment using
avatars, and the researchers taught English within the
virtual space based on the lesson plan (Fig. 2). The lesson
for the experimental group took 80 min.

Control Group: The control group received the same
instruction with the same learning objectives and simi-
lar steps but utilizing traditional technologies rather than
metaverse. This included the use of MS PowerPoint pre-
sentations and digital flashcards. The teacher followed
the pre-determined lesson plan, covering the vocabulary
learning objectives using MS PowerPoint slides and the
classroom presentation software of the coursebook. The
lesson of the control group lasted for 80 min.

The Instrument Pre-Intervention

During Intervention

Post- Intervention After Intervention

Demographics Survey X
Vocabulary Learning Scale X
Classroom Community Scale X
User Engagement Scale* X
Community of Inquiry Framework X

*This scale was only delivered to the experimental group
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Fig. 2 Students having vocabulary class in Metaverse

Both groups received instruction over several sessions,
following the same duration and frequency of practice.
The lesson plans were designed to address specific vocab-
ulary learning objectives and promoted student engage-
ment and interaction. The user engagement scale was
delivered to experimental group participants during this
period.

Post-intervention
After completing the intervention, the post-test scales
for measuring cognitive, social, and teaching presence
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and sense of classroom community were delivered to
both groups of participants to measure the outcomes of
the intervention. 25 days after the participants had taken
the post-test, the vocabulary learning post-test was deliv-
ered to the participants in both groups as a retention
test. After the data collection process ended, the con-
trol group was also received the same metaverse based
instruction to have the same educational opportunities.
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Data analysis

The data were structured in an MS Excel file for data
analysis. The structured data were analyzed using the
Statistical Package for the Social Sciences (SPSS) 26 soft-
ware in Windows 11.

Vocabulary learning and retention

We compared L2 learners’ achievement mean gain
between pre-and post-test. Shapiro-Wilk normality tests
indicated non-normal data distributions for both the pre-
test and post-test scores (pre-test: p=0.049; post-test:
p<0.001). Consequently, non-parametric analysis was
chosen as the appropriate method. We applied the Wil-
coxon signed-rank test to determine changes within the
Control and Experimental groups. The Mann-Whitney U
test was then used to compare these groups’ achievement
mean gains.

User engagement

As the control group did not use the metaverse, we only
applied the user engagement scale to the experimental
group. To analyze user engagement, we assessed various
dimensions: Focused Attention, Perceived Usability, Aes-
thetic Appeal, and Reward Factor by conducting descrip-
tive statistics. These dimensions were combined to
calculate an overall engagement score. The data analysis
sought to determine the levels of user engagement within
the Metaverse environment, particularly in terms of each
dimension’s mean scores.

Social presence

To examine the impact of MBLT vocabulary instruction
on students’ social presence, we conducted a Shapiro-
Wilk normality test. The test results indicated a non-
normal data distribution in the control group (p=0.015).
Thus, a Mann-Whitney U test was chosen to compare
social presence between the control and experimental
groups.

Teaching, cognitive, and overall presence

We assessed the teaching, cognitive, and overall presence
within the MBLT vocabulary lesson. Shapiro-Wilk nor-
mality tests confirmed that the data for these dimensions
were normally distributed (p>0.05). Therefore, indepen-
dent sample t-tests were conducted to determine the
differences in teaching, cognitive, and overall presence
between the control and experimental groups.

Ethical considerations

Ethical approval for the study was obtained from a uni-
versity’s Social Research Ethics Committee. Informed
consent forms were provided to the participant’s parents
or legal guardians, explaining the study’s purpose, pro-
cedures, potential risks, and benefits. The study ensured
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Table 3 Wilcoxon signed-rank test for the Vocabulary Learning

test
Post-test-pre-test N Mean Rank Sum of ranks Z p
Control 43
Negative ranks 4 1425 57 —3.745 <0.001*
Positive ranks 26 15.69 408
Ties 13
Total 43
Experimental 43
Negative ranks 3 1633 49 -4.694 <0.001*
Positive ranks 35 19.77 692
Ties 5
Total 43
*p<0.05

Table 4 Comparison of vocabulary learning test mean gains
between control and experimental group

N M Sumof U Asymp.
ranks Sig.
(2-tailed)
Control 43 3535 1520 574 0.002*
Experimental 43 51.65 2221
Total 86

*p<0.05

participant confidentiality and anonymity throughout the
data collection and analysis. All the procedures employed
in this study were conducted according to the Declaration
of Helsinki.

Results

Vocabulary learning and retention

To determine the effect of using Metaverse on students’
vocabulary learning, we analyzed pre and post-test data.
Shapiro Wilk normality test was run, and it was seen that
the data were not distributed normally (p=0.049 for the
pre-test and p<0.001 for the post-test). Thus, we con-
ducted a non-parametric analysis. The results are illus-
trated in Table 3.

As seen in Table 3, the Control group’s post-test scores
(M=51.40, SD=19.34) exhibited a statistically signifi-
cant increase compared to their pre-test counterparts
(M=41.86, Z = -3.745, p<0.05). Similarly, the post-test
scores demonstrated a significant increase in vocabulary
learning compared to pre-test scores (Z = -4.694, p <0.05)
in the experimental group. The mean gain between pre-
and post-tests for the Control Group (M=35.35) was
lower than the Experimental Group (M=51.65). Thus,
we further compared whether the difference between the
two groups was significant (Table 4).

The results provided that the difference was signifi-
cant. Cohen’s d was calculated as 0.981, indicating a large
effect size for the metaverse intervention. Next, we ran
a normality test to evaluate the impact of a metaverse-
based vocabulary lesson on vocabulary retention. The



Celik and Baturay BMC Psychology (2024) 12:58

test indicated that data were not normally distributed
(p=>0.05). A Mann-Whitney U test was employed to
compare the control and experimental groups regarding
retention (Table 5).

The results of the vocabulary retention tests for the
experimental group (M=48.86) and the control group
(M=38.14), demonstrated a statistically significant dif-
ference in the means in favor of the control group with a
two-tailed p-value of 0.008 (p<0.05).

The study also assessed the impact of using a meta-
verse-based vocabulary lesson on students’ vocabulary
retention. Due to the data being not normally distributed,
a Mann-Whitney U test was conducted to compare the
vocabulary retention scores.

The results revealed a statistically significant differ-
ence in vocabulary retention between the experimental
group (Mann-Whitney U=694, M=48.86) and the con-
trol group (M =38.14), U=1640, with a two-tailed p-value
of 0.008. The significance level, denoted by “p” value, was
set at 0.05. Therefore, the observed p-value (p<0.05)
indicated a significant difference between the two groups
regarding vocabulary retention.

Classroom community

After calculating the mean difference between pre-test
and post-test for experimental and control groups, the
level of improvement in the community feeling, with
respect to connectedness and learning factors was mea-
sured. To assess the normality of our data distribution,
we first conducted the Shapiro-Wilk normality test. The
results indicated that all dimensions of the scale and the
overall scale data were normally distributed (p>0.05).
This suggested that the data met the assumption of nor-
mality, required to conduct parametric statistical tests.
Thus, we conducted independent sample t-tests for each
dimension: connectedness, learning, and community
feeling. Table 6 illustrates the findings.
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Table 5 Comparison of Experimental and Control Groups in
terms of Vocabulary Retention

N M Sumof U Asymp.
ranks Sig.
(2-tailed)
Experimental 43 48.86 2101 694 0.008*
Control 43 38.14 1640
Total 86
*<0.05
Connectedness

In the context of connectedness, the analysis indicated
a significant difference between the two groups. When
assuming equal variances, the t-test yielded a t(84)=3.460
with a p-value of 0.001. The connectedness experienced
by the experimental group was significantly higher than
the control group. Cohen’s d was calculated as 0.746,
indicating a medium effect size.

Feeling of learning

Regarding the feeling of learning, the analysis revealed
a significant difference between the two groups, again
favoring the experimental group. When assuming equal
variances, the t-test yielded a value of t(84)=3.827 with
a p-value of >0.001, indicating a highly significant dif-
ference. Cohen’s d was 0.825 that indicated a large effect
size.

Community feeling
With respect to community feeling, the analysis results
indicated a significant difference between the two groups.
When equal variances were assumed, the t-test yielded
a value of t(84)=3.704 with a p-value of <0.001, signi-
fying a significant divergence. The mean difference of
0.869 and a 95% confidence interval ranging from 0.402
to 1.335 imply that the experimental group experienced
a notably higher sense of community within the learn-
ing environment than the control group. Cohen’s d was
found as 0.799 with a medium effect size.

Overall, the results indicated that using the interven-
tion had a statistically significant positive impact on

Table 6 Independent Samples T-test for Community Feeling Scale Data

F Sig. t Sig. Mean Std. Error 95% Confidence
(2-tailed) Difference Difference Interval of the
Difference
Lower Upper
Connectedness  Equal variances assumed 0648 0423 3460 84 0.001 0.830 0.240 0.353 1.307
Equal variances not 3460 82174 0.001 0.830 0.240 0.353 1.308
assumed
Learning Equal variances assumed 0.140 0709 3827 84 0.000 0.907 0.237 0436 1378
Equal variances not 3827 83992  0.000 0.907 0.237 0436 1.378
assumed
Total Equal variances assumed 0.102 0751 3704 84 0.000 0.869 0.234 0402 1.335
Equal variances not 3.704 83361 0.000 0.869 0234 0.402 1335

assumed
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Fig. 3 User Engagement Rates

Table 7 Mann Whitney U Test Results for Social Presence

N M Sumofranks U Asymp. Sig. (2-tailed)
Experimental 43 47.58 2046 749 0.129
Control 43 3942 1695
Total 86

connectedness, learning, and community feeling on
experimental group students when compared to control
group that was instructed without metaverse.

User engagement

To analyze user engagement, we analyzed it through
various five dimensions: Focused Attention, Perceived
Usability, Aesthetic Appeal, and Reward Factor by con-
ducting descriptive statistics. Figure 3 illustrates the
findings:

The data revealed that participants exhibited a mod-
erate level of Focused Attention (M=3.23, SD=1.08)
(Fig. 3). The mean score for the dimension of Perceived
Usability was relatively lower (M=2.61, SD=0.97). The
participants found the Aesthetic Appeal of the metaverse
environment to be relatively high (M=3.60, SD=0.918).
The Reward Factor dimension, on the other hand, yielded
a mean score of 3.77. Overall, learners found metaverse
engaging (M=3.30, SD=0.547).

Presence

The data for social presence were not normally distrib-
uted based on the Shapiro Wilk normality test (p=0.015
for the control group). Therefore, we employed the Whit-
ney U test (Table 7).

As Table 7 illustrates, the mean for the experimen-
tal group was M=47.58, while the mean for the control
group was M=39.42. This suggests that, on average, par-
ticipants in the experimental group had a mean score in

Aesthetic Appeal

social presence than those in the control group. However,
the Mann-Whitney U test yielded a p-value of 0.129,
indicating that this difference is not statistically signifi-
cant at the 0.05 significance level.

We also examined teaching, cognitive, and overall pres-
ence within the metaverse setting. Normality tests con-
firmed that the data for these dimensions were normally
distributed (p>0.05), enabling us to proceed with inde-
pendent sample t-tests, as outlined in Table 8.

For teaching presence, Levene’s test indicated equal
variances (F=0.184, p=0.669). The t-test revealed a sta-
tistically significant mean difference (t=2.829, df=84,
p=0.006). This signifies that the experimental group
(M=0.726) demonstrated higher teaching presence than
the control group, with a 95% confidence interval ranging
from 0.216 to 1.237 (Table 8). Cohen’s d was also calcu-
lated (Cohen’s d=0.609) and resulted in a medium effect
size. For cognitive presence, the Levene’s test suggested
unequal variances (F=3.934, p=0.051). The t-test, assum-
ing unequal variances, showed a significant difference in
means (t=2.294, df=77.989, p=0.024). This underscores
that the experimental group (M=0.541) displayed more
fabulous cognitive presence than the control group, with
a 95% confidence interval from 0.072 to 1.009. Cohen’s d
for this comparison resulted in (Cohen’s d=0.494) a small
effect size. Regarding overall presence, equal variances
were assumed (F=0.328, p=0.568). The t-test yielded
a statistically significant mean difference (t=2.349,
df=83.147, p=0.021). This implies that the experimen-
tal group (M=0.555) exhibited a higher overall presence
than the control group, with a 95% confidence interval
spanning from 0.085 to 1.026. Cohen’s d for overall pres-
ence comparison was calculated and concluded with a
medium effect size (Cohen’s d=0.505).
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Table 8 Comparison of presence among experimental and control group

Levene’s Test t-test for Equality of Means
for Equality of
Variances
F Sig. t df Sig. Mean Std. Error 95% Confidence
(2-tailed) Difference Difference Interval of the
Difference
Lower Upper
Teaching Equal variances assumed 0.184 0669 2829 84 0.006 0.726 0.257 0216 1237
Equal variances not 2829  83.941 0.006 0.726 0.257 0216 1237
assumed
Cognitive Equal variances assumed 3934 0.051 2294 84 0.024 0.541 0.236 0.072 1.009
Equal variances not 2294 77989 0024 0.541 0.236 0.071 1.010
assumed
TOTAL Equal variances assumed 0328 0568 2349 84 0.021 0.555 0.236 0.085 1.026
Equal variances not 2349  83.147 0021 0.555 0.236 0.085 1.026
assumed
Discussion for learning [49, 121]. In the present study, the results

The results of this research study provided valuable
insights into the impact of utilizing the Metaverse as
an educational tool in enhancing students’ vocabulary
learning, fostering a sense of classroom community and
presence, and promoting user engagement. The pre and
posttest data analysis revealed a statistically significant
improvement in vocabulary learning among students in
both the Control and Experimental groups. The experi-
mental group, which utilized the Metaverse, exhibited
more vocabulary learning improvement than the Con-
trol group, suggesting that the immersive and interactive
nature of the Metaverse contributes positively to vocabu-
lary learning outcomes; thus, its potential as a powerful
tool for vocabulary learning. Furthermore, our findings
indicated that metaverse-based vocabulary improved stu-
dents’ vocabulary retention. These findings were consis-
tent with prior research demonstrating the effectiveness
of immersive environments in educational settings [11,
12, 37, 43, 64, 91-94, 104, 116-119].

The study also investigated the impact of the Meta-
verse on the sense of community among L2 students.
Our data demonstrated a significant difference in com-
munity feeling between the Metaverse-instructed and
traditional groups. Students in the Metaverse-instructed
group reported higher levels of connectedness, learning
satisfaction, and community feeling. This suggests that
the Metaverse can provide a sense of belonging and con-
nectedness among students, fostering a supportive learn-
ing environment. The findings align with the notion that
virtual environments can facilitate social interactions [3,
12-15, 120] and a sense of community in blended educa-
tion settings [32].

Assessing user engagement was crucial for under-
standing how students interacted with the metaverse
as an educational platform. Previous studies in the lit-
erature highlight that the metaverse is an engaging tool

indicated that participants exhibited moderate levels of
focused attention, indicating that the Metaverse activi-
ties captured students’ attention. The high rating for
the Reward Factor dimension suggested that gamifica-
tion elements in the Metaverse positively influenced the
engagement levels of the students. However, the rela-
tively lower score for Perceived Usability indicates that
participants encountered some challenges in the Meta-
verse environment. To enhance the overall user experi-
ence, educators and developers should address usability
issues. By giving clear instructions, they may guide stu-
dents in the Metaverse platform.

The Aesthetic Appeal dimension received positive
ratings, indicating that the multimodal aspects of the
Metaverse made it a pleasing learning environment. This
finding underscores the importance of creating engaging
and aesthetically appealing educational virtual environ-
ments. The assessment of teaching, cognitive, and over-
all presence within the metaverse-based vocabulary class
indicated that the environment positively impacted stu-
dents’ feeling of presence. This could be attributed to the
interactive and immersive nature of the metaverse, which
enables more instructor-student interactions [4—8, 10—
15]. Similarly, it improved students’ cognitive presence
suggesting that the lesson may facilitate deeper thinking
processes and knowledge construction among students.
It may encourage students to explore and use their cog-
nitive skills more effectively. Lastly, the metaverse-based
vocabulary class showed a substantial advantage in terms
of overall presence which may be attributed to the com-
bined enhancements in teaching and cognitive presence.

Examining social presence within the metaverse-
based vocabulary lesson yielded intriguing yet statisti-
cally inconclusive results. On average, participants in
the experimental group appeared to exhibit higher social
presence than their counterparts in the control group,
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indicating the potential for enhanced connection and
engagement. However, the difference was not statistically
significant, which supported the previous findings in the
literature [82, 83]. This suggests that metaverse-based
vocabulary classes may offer comparable social presence
to conventional classes, but not superior. Nevertheless,
further in-depth and longitudinal research is required to
explore social presence dynamics within virtual learning
environments comprehensively. In conclusion, the find-
ings of this study present a nuanced perspective. While
social presence did not exhibit statistical significance,
teaching, cognitive, and overall presence significantly
improved within the metaverse-based vocabulary class.
These results underline the potential of metaverse in lan-
guage teaching and warrant further investigation into the
specific issues and best practices within metaverse-based
learning environments.

To recap, the findings revealed a substantial posi-
tive effect of the metaverse on students’ vocabulary
learning, with improvements in vocabulary and reten-
tion levels. This underscores the metaverse’s capacity to
enhance language learning outcomes, emphasizing the
value of interactive and gamified approaches to vocabu-
lary instruction. Furthermore, the study shed light on
the MBLT’s potential to foster a strong sense of class-
room community among L2 students. This indicates
the power of immersive and interactive virtual environ-
ments in creating supportive and engaging learning
atmospheres, especially significant in remote or online
educational settings with the augmentation of connect-
edness, learning satisfaction, and community feeling. The
lesson plan which is grounded in Social Constructivism
was effective for vocabulary learning in the metaverse,
highlighting the alignment of it with the MBLT. The cur-
rent study exposed a nuanced landscape when analyzing
user engagement within the MBLT. Students displayed
focused attention and a sense of reward, indicating that
gamification elements in the MBLT successfully captured
their interest. However, challenges linked to perceived
usability were evident, highlighting the necessity for con-
tinual improvements in the usability of virtual learning
platforms. The positive evaluation of the Metaverse’s aes-
thetic appeal further contributed to the overall user expe-
rience, enhancing engagement.

Limitations

Firstly, due to the inherent characteristics of our research,
random assignment was impractical, which led our study
to adopt a quasi-experimental design. In a typical educa-
tional setting, such as the one under investigation, stu-
dents are typically organized into classes. The challenge
arose in randomly selecting students from all classes and
assigning them to either the metaverse or non-meta-
verse groups individually. Consequently, we employed a
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random assignment approach at the level of the school’s
classes rather than at the level of individuals. Secondly,
the present study assessed the effect of a short-term inter-
vention. Longitudinal studies could offer more insights
into using MBLT as a long term learning approach.
Thirdly, participants entered the study with varying levels
of metaverse experience. The extent of one’s familiarity
with the metaverse may influence their engagement with
the study. Next, the metaverse environment was designed
by one of the researchers, and alternate designs may
yield different outcomes. Further studies with diverse
designs are warranted for a comprehensive understand-
ing. Lastly, although our study incorporated a retention
test conducted 25 days post-intervention, the relatively
short follow-up period restricts our ability to evaluate the
prolonged durability of the observed effects. A longitudi-
nal study could offer valuable insights into the sustained
impact of metaverse intervention on vocabulary learning.
Given these limitations, readers are advised to interpret
the study results accordingly.

Conclusion

The current study has deepened our understanding of
how the Metaverse can improve educational outcomes,
promote a sense of community, and engage students in
innovative and immersive ways. The results of this study
have significant implications for the field of foreign and
second language education, which demonstrates that the
use of the MBLT positively impacts vocabulary learning,
fosters a sense of community, and enhances user engage-
ment in the context of ELT. Thus, using the MBLT can
make language more engaging, interactive, and com-
munity-oriented. Educators and instructional designers
are suggested to explore the potential of the metaverse
to enhance vocabulary acquisition and promote a sense
of connectedness among students. ELT teachers are
encouraged to integrate MBLT into their high school syl-
labus by ensuring alignment with learning objectives and
proficiency levels. Customized learning modules within
the Metaverse may be designed to cater to the linguis-
tic needs and interests of high school students. Activi-
ties within the Metaverse should prioritize cultural and
contextual relevance that could make language learning
more meaningful for high school students.

To capitalize on these benefits, it is essential to address
usability issues and continuously improve the design and
functionality of the Metaverse for educational purposes.
This study serves as a starting point for further research
and development in this exciting field and it hopes to
have contributed the way for innovative approaches to
L2 teaching and learning. These results offer an outlook
for integrating immersive virtual environments in edu-
cational settings and call for further exploration of the
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potential of the Metaverse in improving learning out-
comes and the overall educational experience.
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