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ABSTRACT
Aim/Purpose This paper investigates three key aspects of metaverse-based platforms in Eng-
lish language teaching: (1) their effectiveness in enhancing language learning
outcomes, (2) their impact on digital literacy development in higher education,
and (3) their accessibility and inclusivity implications for diverse student popula-
tions.
Background Despite growing interest in digital language learning, research gaps exist in un-

derstanding the long-term effectiveness of immersive technologies, particularly
in resource-constrained settings. The metaverse — an integrated platform com-
bining augmented reality (AR) for real-world digital overlays and virtual reality
(VR) for immersive experiences — remains little studied in language education.
While existing research examines AR or VR separately, this study investigates
their combined impact through metaverse technology, addressing the unex-
plored intersection of language proficiency, digital literacy, and learning sustain-
ability in higher education.
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A mixed-methods study was conducted with 60 undergraduate students divided
equally between experimental (metaverse-based) and control (traditional online)
groups for an 8-week English course. The experimental group used an inte-
grated metaverse platform combining AR and VR technologies for one hour
daily. Quantitative assessment included pre-test, post-test, and six-month reten-
tion measurements of language proficiency (reading, writing, speaking; 10-point
scale each) and digital literacy (36-item standardized scale). Semi-structured in-
terviews with 15 participants from resource-limited environments explored ac-
cessibility and inclusivity challenges.

This research contributes to understanding technology-enhanced language
learning in immersive environments, challenging assumptions about digital liter-
acy’s impact on academic performance and providing insights into the long-
term effects of metaverse-based learning on language skills.

The results revealed significant improvements in reading, writing, and speaking
skills among the experimental group, with reading and writing gains maintained
over six months. While participants showed substantial improvement in digital
literacy, no significant relationship was found between digital literacy and aca-
demic performance. Qualitative analysis uncovered two key themes: inclusive
social interaction opportunities and technical barriers in the learning process.

To maximize the effectiveness of metaverse-based language learning, three key
recommendations emerge: institutions should prioritize robust technological in-
frastructure alongside comprehensive training for both educators and students,
educational platforms should be developed with greater inclusivity and customi-
zation options, and regular practice sessions or hybrid learning models should
be implemented to maintain speaking skills over time.

Future research directions should focus on three critical areas: conducting
longer-term studies to better understand how metaverse-based learning affects
academic performance and language proficiency, exploring the complex rela-
tionship between digital literacy and academic achievement through alternative
success measures, and investigating how adaptive learning systems within
metaverse environments can effectively address diverse learner needs.

The findings suggest that metaverse technology has the potential to revolution-
ize language education, making it more engaging and effective. However, they
also highlight the need to address technical challenges and ensure inclusivity to
prevent new forms of educational inequality.

Future investigation should address three key areas: examining how digital skills
gained in metaverse environments transfer to real-world contexts and other aca-
demic disciplines, developing standardized assessment tools for evaluating lan-
guage proficiency and digital literacy in immersive virtual settings, and studying
the long-term impact of metaverse-based learning across different age groups
and educational levels.

metaverse, English language teaching, digital literacy, immersive learning envi-
ronments, educational technology
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INTRODUCTION

In recent years, the integration of metaverse technology into education has sparked excitement, par-
ticularly in the field of English language teaching. With its immersive, interactive environments, the
metaverse offers unique opportunities for students to engage with language learning in ways that tra-
ditional methods cannot. For instance, studies have shown how metaverse platforms can enhance
student interaction, promote deeper learning, and foster greater motivation among learners (del Car-
men Avendafio Porras et al., 2024; Li & Yu, 2023). By providing real-world simulations and collabo-
rative virtual spaces, the metaverse brings a fresh dimension to language acquisition, making abstract
concepts more tangible and learning expetiences more dynamic (Ibili et al., 2024). However, despite
its promising potential, the widespread adoption of metaverse-powered education faces several sig-
nificant hurdles that need to be addressed (Ibili et al., 2024).

Various obstacles prevent the full advantages of metaverse technology, such as Teachers and stu-
dents dealing with technical issues, inadequate digital knowledge, and trouble accessing required in-
frastructure. These restrictions mean that many pupils do not have the same experience. Evidence of
how these virtual environments contribute to enhancing long-term learning results is lacking. There-
fore, it is unclear if adopting the metaverse is really superior to conventional approaches or merely a
new fancy tool with lots of issues (H. Chen, 2023; Guo & Gao, 2022; Lu et al., 2023).

The integration of immersive technologies in education has created new possibilities for language
learning, particularly through metaverse platforms that offer interactive, three-dimensional virtual en-
vironments. While these platforms show promise for enhancing language acquisition, three critical
gaps exist in current research. First, there is limited understanding of long-term effectiveness. Alt-
hough studies have demonstrated the immediate benefits of virtual environments in language learn-
ing, there is insufficient evidence regarding the sustained impact on language proficiency over time,
particularly in tracking how students maintain their language skills beyond the immediate learning pe-
riod (Oliwa, 2020; Tracy-Ventura et al., 2025). Second, the relationship between digital literacy and
language learning outcomes remains unexplored. While digital competency is presumed important
for virtual learning environments, its specific role in metaverse-based language acquisition and its im-
pact on academic performance has not been systematically studied (G. Chen et al., 2024; Hwang &
Chien, 2022; TIili et al., 2022). Third, there is a significant lack of comprehensive accessibility re-
search (Othman et al., 2024). Despite the growing adoption of virtual learning platforms, limited re-
search exists on how to ensure inclusive access, particularly in resource-limited settings where tech-
nological infrastructure may be constrained.

This study addresses these gaps by examining how metaverse-based platforms can enhance language
proficiency and digital literacy in higher education. Through a mixed-methods approach combining
quantitative assessments and qualitative insights, we investigate three key research questions:

1. How does metaverse-based language learning affect immediate and long-term language pro-
ficiency across reading, writing, and speaking skills?

2. What is the relationship between students’ digital literacy development and academic perfor-
mance in metaverse-based learning environments?

3. How can metaverse platforms be made more accessible and inclusive for language learners
in resource-limited settings?

The study employs an 8-week experimental intervention with undergraduate students to evaluate im-
mediate and sustained learning outcomes while exploring solutions for improving accessibility in
metaverse-powered education. By addressing these questions, this research aims to provide practical
insights for implementing effective and inclusive metaverse-based language learning environments.
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LITERATURE REVIEW

This literature review examines five key areas relevant to metaverse-based language learning in higher
education. First, the review establishes the theoretical foundation for language learning in virtual en-
vironments by exploring Vygotsky’s sociocultural theory. Next, it defines the metaverse concept and
its technological components. The review then investigates metaverse adoption patterns in higher ed-
ucation, followed by an examination of how metaverse technologies impact academic outcomes and
language skill retention. Finally, it explores the role of digital literacy in metaverse learning environ-
ments and addresses inclusivity considerations. Through this structured approach, the review identi-
fies research gaps regarding long-term effectiveness, digital literacy impact, and accessibility that form
the basis for the research hypotheses.

THEORETICAL FOUNDATION

According to Vygotsky’s sociocultural theory, social interaction and cultural skills help to essentially
filter language learning as a social process (Vygotsky, 1978). This theoretical paradigm is especially
important in the framework of metaverse-based language learning since it clarifies how virtual envi-
ronments might support language acquisition through social interaction and collaborative learning
(Perry, 2021; Tavares & Somby, 2023). While it offers an avenue for social contact that Vygotsky
judged essential for cognitive growth, the metaverse platform functions as a cultural tool mediating
learning events. Particularly relevant to metaverse-based learning environments is the idea of the
Zone of Proximal Development (ZPD), the difference between what a learner can do without assis-
tance and what they can do with direction from experienced peers (Ponmani & Geetha, 2022; Roth
& Jornet, 2016). These systems allow for various forms of scaffolding to be implemented, such as
peet-to-peer interaction in virtual spaces, immediate feedback mechanisms, graduated difficulty levels
in language tasks, and virtual mentoring opportunities (Roth & Jornet, 2016). By leveraging these
tools effectively, learners can receive tailored support and guidance to enhance their learning experi-
ence in the metaverse.

WHAT IS METAVERSE?

The metaverse is a dynamic concept that combines physical and digital realities to create a 3D virtual
environment that is both immersive and seamless. User avatars enable them to interact with digital
objects and other users in real-time, thereby eliminating physical barriers (Cali et al., 2022; Kozlov,
2024; Mandala et al., 2023). Fundamentally, the metaverse combines augmented reality (AR) and vit-
tual reality (VR) to produce a hybrid environment in which virtual and real-world components live
peacefully (Cali et al., 2022; Mandala et al., 2023; Sathyamoorthy et al., 2024). By providing a compre-
hensive platform for social interactions, this technology helps users to participate in many activities
such as gaming, education, and virtual meetings, thus promoting a sense of presence and community
in digital environments (Mandala et al., 2023; Selvarajan et al., 2024; Yaqob & Hafez, 2023). The
metaverse is distinguished in part by its use of digital twin technology, in which changes in the physi-
cal world are reflected in the virtual environment and vice versa, therefore producing a dynamic and
responsive virtual ecosystem (Sathyamoorthy et al., 2024). The metaverse uses cutting-edge technolo-
gies such as 3D holographic avatars, cloud computing, and the Internet of Things (IoT), all working
in concert to improve user experience and enable seamless interaction inside the virtual world (Cali et
al., 2022). The metaverse stands apart from conventional virtual environments and is positioned as a
transforming platform for many uses, including education, because of its thorough integration of ad-
vanced technologies and social aspects.

METAVERSE ADOPTION IN HIGHER EDUCATION

The adoption of metaverse in higher education is shaped by a complicated interaction of social, pet-
sonal, and technological aspects. While perceived cyber risk functions as a major obstacle, studies
have revealed that students’ intention to adopt metaverse technology is mostly driven by perceived
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usefulness, personal innovativeness in I'T, and perceived enjoyment (Al-Adwan et al., 2023; Praba-
karan & Patrick, 2024). According to the Unified Theory of Acceptance and Use of Technology
(UTAUT) model, stakeholders’ attitudes toward metaverse adoption depend critically on social influ-
ence and self-efficacy, performance and effort expectation, and also on performance and effort ex-
pectation (Dang et al., 2023; Galindo-Manrique et al., 2024). The metaverse presents many ad-
vantages in educational environments, including better student involvement, expanded learning
chances, and cooperative possibilities over geographic distances (Puneet et al., 2024; Tyagi et al.,
2023). Immersive and interactive virtual worlds allow creative thinking, critical thinking, and novel
educational approaches (Ak et al., 2024; Akbar et al., 2024). Technical and infrastructure constraints,
device compatibility problems, privacy issues, and major financial consequences are among the vari-
ous difficulties the integration encounters (Ak et al., 2024; Akbar et al., 2024). Institutions should
concentrate on encouraging active learning, careful integration of extended reality (XR) technologies,
increased customizing choices, and strong technical support systems (Ak et al., 2024) to guarantee
effective deployment. Effective metaverse implementation in higher education environments de-
pends on this awareness of advantages and difficulties.

IMPACT OF METAVERSE TECHNOLOGY ON ACADEMIC OQUTCOMES AND RE-
TENTION OF LANGUAGE SKILLS

The integration of metaverse technologies, particularly virtual reality (VR) and augmented reality
(AR), into English language learning environments, has garnered significant attention in recent years
due to its potential to enhance academic performance and promote long-term retention of language
skills. Several studies have demonstrated the efficacy of VR in improving specific language skills. For
instance, research on using Google Earth VR to enhance expository writing among English language
learners revealed statistically significant improvements in writing skills (Y. Chen et al., 2019). This
tinding suggests that VR can play a crucial role in developing critical language competencies, includ-
ing comprehension and retention. The immersive nature of the metaverse allows for the simulation
of real-world scenarios, providing language learners with authentic contexts to practice their skills,
which is essential for long-term language retention (Jia et al., 2023).

AR has also shown promise in enhancing student motivation and achievement in language learning.
A study focusing on AR-based platforms for English vocabulary instruction found that the use of 3D
graphics and immersive gameplay significantly increased students’ vocabulary retention compared to
traditional methods (Hao & Lee, 2019). The interactive and engaging elements within the metaverse
appear to reinforce language skills by offering varied and repeated practice opportunities in a virtual
environment. The retention of language skills in metaverse environments is not solely attributed to
initial engagement but also long-term exposure and application. Research indicates that students are
more likely to retain information when actively involved in the learning process, a feature facilitated
by metaverse technologies. The interactive nature of the metaverse, which enables students to engage
with both peers and content in a virtual space, supports the development of critical thinking and
problem-solving skills, both crucial for language retention (Teo et al., 2021).

Moreover, it has been demonstrated that including peer assessment in virtual environments helps
students’ critical thinking, reflection capacity, and speaking skills. Peer assessment procedures raised
learning motivation and lowered anxiety, thus boosting long-term retention of language skills, ac-
cording to a study on the use of spherical video-based virtual reality (SVVR) for English as a Foreign
Language (EFL) students (Chien et al., 2019). These results highlight in metaverse-based learning en-
vironments the need for cooperation and feedback for both long-term retention and immediate aca-
demic performance. Measurable results show that students using metaverse platforms showed more
consistent performance over time, with less variation in their academic results, compared to standard
and metaverse-enhanced classrooms. This implies that the metaverse provides a more consistent and
dependable framework for language acquisition, therefore fostering consistent academic develop-
ment and skill retention (Yuan et al., 2023). The dynamic and interesting learning environment the
metaverse offers helps students to review and strengthen important ideas, hence enhancing retention.
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While existing studies demonstrate promising potential for metaverse technology in language learn-
ing, several critical limitations persist. Most research has focused on immediate learning outcomes
without examining long-term retention and skill transfer. For instance, while Y. Chen et al. (2019)
and Hao and Lee (2019) show positive immediate results for writing and vocabulary acquisition, but
they don’t explore whether these gains persist over time. Furthermore, studies have typically exam-
ined individual language skills in isolation rather than investigating comprehensive language profi-
ciency development. This fragmented approach limits our understanding of how metaverse technolo-
gies impact overall language competency. Thus, investigating this could offer a more complete
knowledge of how metaverse technologies affect the whole range of language abilities and their prag-
matic use over a long period. This body of studies results in the following hypotheses:

H1: Metaverse technology causes significant differences in English language proficiency

H2: Metaverse technology causes a significant increase in long-term retention of English lan-

guage skills

ROLE OF DIGITAL LITERACYIN METAVERSE-BASED LEARNING ENVIRON-
MENTS

Digital literacy evolved from media and information literacy in the 1990s to encompass essential
computer competencies, including word processing, spreadsheet management, and digital tool usage
(Leaning, 2019; Nichols & Stornaiuolo, 2019). It expanded in the 2000s to include digital material
creation, information curation, and critical analysis (Samaniego, 2024). The importance of digital liter-
acy for citizenship and lifelong learning was emphasized in the college curriculum (Marin &
Castafieda, 2023). In the 2010s, immersive learning technologies like augmented and virtual reality
revolutionized education by introducing innovative methods to engage students (Szits & Vaughan,
2024). By the 2020s, the convergence of digital literacy and immersive learning was evident. To im-
prove educational outcomes, scholars and educational institutions established frameworks to inte-
grate XR with digital literacy (Chang et al., 2023). The COVID-19 pandemic accelerated the integra-
tion of digital and immersive learning approaches, emphasizing the need for digital literacy in distant
and hybrid educational settings (Taggart et al., 2023).

The integration of metaverse technologies in education, particularly in English language learning, has
highlighted the critical role of digital literacy in determining academic outcomes. As these virtual en-
vironments become increasingly prevalent in educational settings, research has begun to explore the
relationship between students’ digital competencies and their ability to engage with and benefit from
these innovative learning platforms effectively. A study focusing on university interns using mobile-
assisted language learning (MALL), gamification, and VR technologies during the COVID-19 pan-
demic revealed a strong correlation between digital literacy levels and students’ ability to adapt to and
benefit from these technologies (Azar & Tan, 2020). The findings suggest that digital literacy is not
merely advantageous but a prerequisite for students to fully leverage the potential of metaverse-based
learning environments. Students with higher digital literacy levels demonstrated superior engagement
with the platforms, leading to enhanced learning experiences and improved academic performance.
This trend is further corroborated by research on augmented reality (AR)-based mobile learning,
which found a significant impact of digital literacy on learning outcomes. The study showed that stu-
dents proficient in navigating AR tools achieved higher learning gains compared to their peers with
lower digital literacy levels (Syarifudi & Suhatjito, 2020). This indicates that digital literacy not only
facilitates access to metaverse platforms but also enhances the effectiveness of the learning process
itself.

The complexity of metaverse-based learning environments often demands a high level of digital com-
petence from learners. A study on the application of VR in an English for Specific Purposes (ESP)
course demonstrated that students with higher digital literacy navigated the virtual environment more
efficiently, resulting in better performance in speaking and vocabulary acquisition (Hsu et al., 2023).
This finding underscores the importance of digital literacy in maximizing the benefits of VR-based
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language learning, as students with lower digital competence may struggle to engage with the plat-
form, potentially limiting their learning outcomes. Beyond technical proficiency, digital literacy has
been shown to play a crucial role in reducing anxiety and increasing motivation in language learning
contexts. Research involving metaverse platforms for English-speaking practice found that students
with higher digital literacy experienced lower levels of anxiety and higher levels of motivation (M. A.
Chen & Hwang, 2020). This suggests that digital literacy not only enhances technical abilities but also
positively influences students’ emotional responses to the learning process, which can significantly
impact overall academic performance.

Furthermore, digital literacy has been found to foster collaboration and peer learning in metaverse
environments. A study on peer assessment in VR settings indicated that digitally literate students
were better able to provide constructive feedback to their peers, enhancing the learning experience
for all participants (Chien et al., 2019). This highlights the role of digital literacy in promoting a col-
laborative and interactive learning environment, which is essential for the success of metaverse-based
education.

Current literature reveals significant gaps in understanding digital literacy’s role in metaverse-based
learning. While studies like Azar and Tan (2020) suggest correlations between digital competency and
learning outcomes, they fail to examine how varying levels of digital literacy might create educational
inequalities. The assumption that digital literacy uniformly enhances academic outcomes needs more
critical examination, particularly in contexts where access to technology varies significantly. As these
platforms become more widespread in English language education, the importance of ensuring stu-
dents have the necessary digital skills to navigate and engage with virtual learning environments be-
comes increasingly apparent. This body of research leads to the following hypothesis:

H3: There is a significant increase in digital literacy when exposed to metaverse environments

H4: There is a significant influence of digital literacy on academic outcomes after being exposed
to the Metaverse environment.

INCLUSIVITY AND METAVERSE

The integration of the metaverse in education offers significant potential for enhancing inclusivity
and accessibility. The metaverse can bridge the gap between digital and physical worlds, providing a
safe, controlled, and diverse interactive learning environment that promotes student engagement and
satisfaction (Jindal et al., 2024; Ueno et al., 2024). It transcends geographical boundaries, enabling in-
clusive education by offering equal learning opportunities to students from various backgrounds and
with different abilities (Verma et al., 2024). However, challenges such as ensuring accessibility fea-
tures for students with disabilities and addressing privacy concerns remain critical (Damasceno et al.,
2024). The previous studies done by Ueno et al. (2024) and Jindal et al. (2024) have demonstrated
that inclusive metaverse environments can enhance student engagement and satisfaction, but there is
a lack of understanding of which or how factors contribute to or hinder inclusivity in the virtual
spaces. To address this gap, our study employs a qualitative approach through semi-structured inter-
views with students from resource-limited environments, specifically exploring their experiences with
metaverse-based language learning.

ETHICAL CONSIDERATIONS IN METAVERSE-BASED EDUCATION

It is important to consider ethical questions raised by the use of metaverse technologies in the class-
room. Since metaverse platforms gather vast user behavioral data and learning analytics (Ak et al.,
2024), primary issues include data privacy and security. While metaverse technology promises en-
hanced learning experiences, the high costs of VR equipment and requirements for stable internet
connectivity risk aggravating existing educational inequalities, especially in resource-limited settings
(Akbar et al., 2024; Tyagi et al., 2023). The digital divide presents another important ethical challenge:
exposure to virtual worlds (Ibili et al., 2024) raises psychological well-being and digital addiction con-
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cerns; accessibility challenges for students with impairments call for careful thought in platform de-
sign (Galindo-Manrique et al., 2024). These ethical consequences highlight the need for creating thor-
ough policies that strike a balance between fair access and student welfare protection with regard to
technical innovation.

This literature review has examined metaverse-based language learning through multiple lenses. The
review of immersive technologies’ impact on language outcomes supports hypotheses H1 and H2,
suggesting that metaverse technology significantly improves both immediate language proficiency
and long-term retention. Research on digital literacy development in virtual environments provides
the foundation for H3, proposing significant increases in digital literacy through metaverse exposure,
while studies connecting digital competency to learning outcomes inform H4, suggesting digital liter-
acy influences academic performance. The inclusivity section, along with ethical considerations re-
garding data privacy, digital inequality, and accessibility challenges, underscores the importance of de-
veloping metaverse platforms that enhance learning without widening educational disparities.

METHODOLOGY

Focusing on academic achievement, digital literacy, and inclusiveness in resource-limited environ-
ments, this mixed-methods research study investigates the long-term influence of metaverse-based
platforms on English language acquisition.

RESEARCH DESIGN

The research is divided into two phases: quantitative and qualitative. In the quantitative phase, a pre-
test/post-test experimental design was used to assess language performance and retention. A sample
of 60 English language learners (undergraduate students) from an educational institution were se-
lected. Students engaged in an 8-week English language course conducted via a metaverse platform.
Language proficiency (reading, writing, speaking) was measured at three stages: before the interven-
tion (pre-test), immediately after the course (post-test), and six months later (retention test). Stand-
ardized test models of IELTS were used for assessment. Additionally, digital literacy was measured
using a Digital Literacy Questionnaire both before and after the course to assess the role of digital
competency in metaverse-based learning,.

Semi-structured interviews with a subgroup of 30 students from resource-limited environments were
carried out in the qualitative phase to investigate obstacles to accessing the metaverse platform and
issues of inclusiveness and adaptability. Students’ opinions on how to make the digital world more
accessible and their experiences with it were the main subjects of the interviews.

The study used a metaverse platform with an education focus that satisfied strict language learning
selection requirements. The chosen platform has specialized language learning features like interac-
tive conversation spaces and pronunciation feedback systems; multi-device accessibility that supports
both VR headsets and regular computer interaction for inclusive participation; and dedicated educa-
tional tools like language-specific learning modules, synchronous collaboration spaces, and customi-
zable virtual classrooms. Through the demo version of the platform, users could access the virtual
environment’s designated areas for particular language activities, such as speaking practice areas, col-
laborative writing spaces, and reading comprehension zones.

SAMPLING

In the quantitative phase, the sample consisted of 60 undergraduate students who were interested in
learning the English language. To ensure balanced representation, stratified random sampling was
employed. The students were divided into two strata. One group was introduced to metaverse (VR
learning approach), and the other group was introduced to a traditional online approach. From each
stratum, a random selection of students was made, ensuring a diverse mix of learners in terms of
both socio-economic background and digital resource availability. This technique ensures that the
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study captures a broad spectrum of experiences with metaverse-based learning, reflecting differences
in accessibility to digital technologies. The stratified sampling method allowed for comparative analy-
sis between students in different environments, helping to assess the impact of resource availability
on language learning outcomes and digital literacy in a metaverse environment.

In the qualitative phase, a subset of 15 students was selected from the participants in the quantitative
phase, focusing primarily on students from the experimental group. The sampling was conducted us-
ing purposive sampling, as the goal was to gain in-depth insights into the barriers these students
faced in accessing the metaverse platform, as well as their adaptive strategies and experiences regard-
ing inclusivity.

PROCEDURE
Phase 1

In Phase 1, a quantitative approach was employed to assess the impact of a metaverse-based English
language course on students’ language proficiency and digital literacy. The experimental group spent
one hour every day continuously for eight weeks. The course structure included reading activities in
virtual environments (20 minutes), writing tasks using virtual tools (20 minutes), and speaking prac-
tice through role-play and discussions (20 minutes). Specific activities included engaging with virtual
texts for reading comprehension, collaborative writing projects on virtual whiteboards, descriptive
essays about virtual locations, group discussions in virtual meeting rooms, and presentations based
on metaverse experiences. The control group underwent the same course through online mode train-
ing without metaverse exposure.

Using tasks modeled on the IELTS form, participants in both the control and experimental groups
tirst completed a pre-test to gauge their baseline competency in reading, writing, and speaking. Stu-
dents in the experimental group engaged in an 8-weck English language course run under a
metaverse-based learning platform following the pre-test. The training included immersive learning
opportunities meant to improve language competency and interactive virtual settings. Students from
both groups completed a post-test to gauge their language competency and computer literacy after
tinishing the course. A 6-month follow-up test was also given to evaluate long-term language skill re-
tention.

Phase 2

For members of the experimental groups, Phase 2 used a qualitative approach to investigate the ac-
cessibility and inclusivity of metaverse-based learning environments. A selection of fifteen Phase 1
students were chosen for semi-structured interviews using purposive sampling. The semi-structured
interviews centered on two specific questions designed to explore participants’ experiences and
gather recommendations for improvement. The open-ended questions allowed participants to share
detailed insights about their experiences whilst providing concrete suggestions for future develop-
ment of metaverse-based language learning platforms.

INSTRUMENTS

We conducted the English language proficiency tests for the participants in this study both before
and after the experiment, based on the IELTS exam model checking proficiency based on reading,
writing, and speaking. The language proficiency test had 30 marks (10 for each component) in both
the pre-experiment and post-experiment phases. The experiment uses reading comprehension to
measure reading proficiency, allocating 10 marks for it. We tested writing proficiency by assigning
five marks to each short essay and letter writing component. We introduced three parts to assess
speaking proficiency. The first part has an introduction (3 marks), the second part has spontaneous
speech (4 marks), and the third part has a general discussion (3 marks). The assessment of this speak-
ing proficiency yielded 10 marks. The same pattern of questions was used to measure the long-term
retention of language proficiency.
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We used a standardized scale by Amin et al. (2022) to test the digital literacy of students. The scale
has nine components, which are communication (7 items), collaboration (3 items), critical thinking (3
items), creativity (4 items), citizenship (4 items), character (3 items), curation (3 items), copyright (4
items), and connectedness (5 items). In total, the digital literacy scale has 36 items. We measured each
item using a 5-point Likert scale, ranging from strongly disagree to strongly agree, and we assessed
the participants’ academic outcomes using their regular GPA (grade point average). We measured the
academic outcomes for subsequent semesters after the experiment. This approach allowed us to test
H4 by examining whether increased digital literacy from metaverse exposure positively influenced
students’ academic performance in subsequent coursework.

For the qualitative phase of the study, we asked two questions to the participants to explore their
views towards accessibility and inclusivity, posing questions as follows:

In what ways did you feel included/excluded in the learning process?

What improvements would you suggest for making this technology more accessible?

ANALYSIS

The effectiveness of metaverse-based learning was investigated using several statistical techniques ap-
plied to quantitative data analysis. With a significance level set at p < .05, paired t-tests were used to
evaluate variations in both experimental and control groups for comparison of pre-test and post-test
scores. Cohen’s d was used to estimate effect sizes; small, medium, and large effects respectively were
denoted by values of 0.2, 0.5, and 0.8. The study concentrated on digital literacy scores and three
main elements of linguistic competency: reading, writing, and speaking. While long-term impacts
were evaluated by means of comparisons between pre-test and retention test scores after six months,
mean variations between pre-test and post-test scores were computed for instantaneous effects. Mul-
tiple regression analysis was used to investigate the association between digital literacy and academic
performance, using R? values to ascertain the variance explained by the model, together with Beta co-
efficients and their significance levels for every digital literacy variable. Every statistical test was run
on SPSS version 26.

CONTROL GROUP

On average, participants showed improvement in all skill areas (reading, writing, speaking) from the
pre-test to the post-test (Table 1). Digital literacy scores also improved from the pre-test to the post-
test. The average GPA outcome is 6.06, with a relatively small standard deviation of 0.25. The age
range of participants is from 19 to 23, with a mean of 20.87 years.

From Table 2, it is observed that the gender distribution is perfectly balanced with 15 males and 15
females. Most participants are in their 3rd year of study (36.67%), followed closely by 2nd year
(33.33%) and 4th year (30%). A majority of participants (56.67%) have previous experience with
online learning. Most participants (73.33%) have access to high-speed internet. Laptops are the most
common device used for learning (56.67%), followed by smartphones (20%).

On average, participants showed improvement in all areas (Table 3), with reading and writing show-
ing the most improvement (0.84 points each) and speaking showing a smaller improvement (0.30
points). For all three skills, the improvement from pre-test to post-test is statistically significant (p <
0.05). Reading and writing show identical improvements, both highly significant (p < 0.001). Speak-
ing shows a smaller but still significant improvement (p = 0.010). The intervention had a large effect
on reading and writing skills. The effect on speaking skills was medium-sized.
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Table 1. Descriptive scores of English proficiency of control group

Variable Mean | Median | Min. | Max. Standard deviation
Reading score (pre-test) 5.33 5.5 3 7 1.32
Writing score (pre-test) 4.33 4.5 2 6 1.32
Speaking score (pre-test) 5.33 5.5 3 7 1.32
Reading score (pre-test) 6.17 6 4 8 1.23
Weriting score (pre-test) 5.17 5 3 7 1.23
Speaking score (pre-test) 5.63 6 3 7 1.25
GPA outcome 6.06 3.1 2.6 3.4 0.25
Age 20.87 21 19 23 1.25

Table 2. Sample distribution of control group

Variable Category Frequency | Percentage
Gender Female 15 50%
Male 15 50%
Age 19 5 16%
20 6 20%
21 8 26.7%
22 7 23.3%
23 4 13.3%
Year of study 2nd year 10 33.33%
3rd year 11 36.67%
4th Year 9 30%
Previous experience with online learning | Yes 17 56.67%
No 13 43.33%
Access to high-speed internet Yes 22 73.33%
No 8 26.67%
Device used for learning Laptop 17 56.67%
Smartphone 6 20%
Desktop computer 4 13.33%
Tablet 3 10%

Table 3. Pre-test and post-test scores of English proficiency of control group

Skill Mean difference | T-statistic | Cohen’sd | Interpretation | p-value
Reading 0.84 7.94 1.45 Large effect <0.001
Writing 0.84 7.94 1.45 Large effect <0.001
Speaking 0.30 2.77 0.51 Medium effect 0.010
Degrees of freedom (df) = 29 for all tests

EXPERIMENTAL GROUP

From Table 4, it is identified that the experimental group has an equal distribution of males and fe-
males, providing a balanced representation. The majority of participants (76.66%) are between 20 and
22 years old. The mean age is approximately 21 years, with a relatively narrow range of 4 years.
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There’s a fairly even distribution across the 2nd, 3rd, and 4th years, with a slight majority in the 3rd
year. This distribution allows for insights across different stages of university education. The group
represents a diverse range of academic disciplines. Business-related fields (Business Administration,
Marketing, Finance, Economics) make up 36.67% of the participants. STEM fields (Computer Sci-
ence, Engineering, Biology) account for 30% of the group. Humanities and Social Sciences (English
Literature, Psychology, Political Science, Sociology, Media, and Communication) represent 33.33% of
the participants.

Table 4. Demographic information of the experimental group

Characteristic Category Count Percentage

Gender Male 15 50%
Female 15 50%

Age 19 4 13.33%
20 7 23.33%
21 9 30%
22 7 23.33%
23 3 10%

Year of study 2nd year 10 33.33%
3rd year 11 36.67%
4th year 9 30%

All three skills show improvement from the pre-test to the post-test (T'able 5), with means increasing
by 2 points each. Standard deviations remain constant from the pre-test to the post-test (1.31), indi-
cating consistent variability. Retention test scores show some decay but remain higher than pre-test
scores. Variability decreases in the retention test (lower SD), suggesting more consistent performance
across participants. Substantial improvement from the pre-test (mean 50.00) to the post-test (mean
62.80). Increased standard deviation in the post-test (2.58 vs. 1.91) suggests more varied improve-
ment across participants. Retention test scores (mean 61.00) show slight decay but remain signifi-
cantly higher than pre-test scores. A mean GPA of 6.78 with a median of 7.00 indicates generally
high academic performance. Relatively low standard deviation (0.46) suggests consistent performance
across the group. The range from 6.00 to 7.40 shows some variability, but all are within a good pet-
formance bracket.

Table 5. Descriptive scores of the expetimental group

Variable Mean | Median | Min Max Standard deviation
Reading score (pre-test) 5.27 5.50 3.00 7.00 1.31
Writing score (pre-test) 4.27 4.50 2.00 6.00 1.31
Speaking score (pre-test) 5.27 5.50 3.00 7.00 1.31
Reading score (post-test) 7.27 7.50 5.00 9.00 1.31
Writing score (post-test) 6.27 6.50 4.00 8.00 1.31
Speaking score (post-test) 7.27 7.50 5.00 9.00 1.31
Reading score (retention) 6.47 6.00 5.00 8.00 0.86
Writing score (retention) 5.70 6.00 5.00 7.00 0.65
Speaking score (retention) 5.63 5.50 5.00 7.00 0.61
Digital literacy (pre-test) 50.00 50.00 | 46.00 54.00 1.91
Digital literacy (post-test) 62.80 63.00 | 58.00 68.00 2.58
Digital literacy (retention) 61.00 61.00 | 57.00 66.00 2.49
GPA 6.78 7.00 - - 0.46
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All skills show statistically significant improvements (p < 0.001), as shown in Table 6. The mean dif-
ferences are consistent across reading, writing, and speaking (2.00 points each). Digital literacy shows
the largest mean improvement (12.80 points). Effect sizes are large for all skills, with digital literacy
showing the largest effect (d = 3.10).

Table 6. Pre-test vs. post-test scores of English
proficiency of the control group (to test the immediate effect)

Skill Mean difference | T-statistic Cohen’sd | p-value
Reading 2.00 30.00 2.36 <0.001
Writing 2.00 30.00 2.36 <0.001
Speaking 2.00 30.00 2.36 <0.001
Digital literacy 12.80 24.76 3.10 <0.001

From Table 7, it is observed that reading, writing, and digital literacy maintain statistically significant
improvements (p < 0.001). Speaking skills show a marginally significant improvement (p = 0.059).
Mean differences are smaller compared to immediate effects, indicating some skill decay. Effect sizes
remain large for writing and digital literacy, medium for reading, and small for speaking. Digital liter-
acy shows the best retention, maintaining a large effect size. Writing skills also demonstrate good re-
tention with a large effect size. Reading skills show some decay but still maintain a medium to large
effect. Speaking skills show the most decay, with only a small long-term effect.

Table 7. Pre-test vs. retention test scores of English
proficiency of the control group (to test the long-term effect)

Skill Mean difference T-statistic Cohen’sd | p-value
Reading 1.20 6.40 0.94 <0.001
Writing 1.43 9.55 1.69 <0.001
Speaking 0.36 1.96 0.35 0.059
Digital literacy 11.00 20.39 2.56 <0.001
COMPARATIVE ANALYSIS

The immediate improvement in reading skills for the experimental group is much larger compared to
the control group (mean difference of 2.00 compared to 0.84, Cohen’s d = 2.36 vs. 1.45). Over the
long term, the experimental group still retains a medium to large effect size (Cohen’s d = 0.94), indi-
cating a substantial difference between the experimental and control groups. Cohen’s d measures the
standardized mean difference, with values around 0.2 considered small, 0.5 medium, and 0.8 or
higher large. A d measure of 0.94 suggests that the effect of the intervention remains strong over
time. The immediate impact of the intervention in the experimental group is significantly larger com-
pared to the control group (mean difference of 2.00 vs. 0.84). In the long term, the large effect size is
maintained for the experimental group (Cohen’s d = 1.69), suggesting strong retention of writing
skills, much better than we would expect based on the control group’s results. The immediate im-
provement in speaking for the experimental group (mean difference of 2.00) is far superior compared
to the control group (0.30). The large effect size in the experimental group (Cohen’s d = 2.36) sug-
gests the intervention had a substantial effect on speaking skills in the short term. However, long-
term retention is weak in the experimental group for speaking, as the effect size drops to small (Co-
hen’s d = 0.35). This suggests that speaking skills are harder to maintain over time despite the strong
initial improvement. Digital literacy saw the largest improvement in the experimental group, with an
extremely large immediate effect (Cohen’s d = 3.10). The long-term effect size remains very large
(Cohen’s d = 2.56), indicating that digital literacy improvements were well-retained, making it the
best-retained skill in the experimental group.
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The experimental group provided the best results compared to the control group. The intervention
produced much larger immediate improvements, and skills like digital literacy and writing showed ex-
cellent long-term retention. Even though speaking skills decayed over time, the initial improvement
was much stronger than in the control group. Therefore, the hypotheses — (H1) that Metaverse tech-
nology causes significant differences in English language proficiency and (H2) that Metaverse tech-
nology significantly enhances long-term retention of English language skills — are supported.

All digital literacy variables shown in Table 8 seem to have a statistically significant increase from the
pre-test to the post-test (all p-values < .001). This suggests that there was a substantial improvement
in all measured aspects of digital literacy between the two time points. The largest increase was in cu-
ration (F = 31.87), followed by creativity (FF = 29.81) and connectedness (I = 27.54). The smallest
increase, though still significant, was in communication (F = 15.42). Every digital literacy variable
showed improvement, indicating a broad-based enhancement of digital skills and knowledge. The im-
provements across all digital literacy variables suggest that the intervention or time period between
the pre-test and post-test was effective in enhancing these skills. Our hypothesis (H3) — that there is a
significant increase in digital literacy when exposed to Metaverse environments — is supported.

Table 8. Pre-test vs. post-test comparison of digital literacy variables

Variable Pre-test mean Post-test mean F-value | P-value | Change
Communication 3.33 3.90 15.42 <.001 )
Copyright 2.88 3.73 2418 <.001 1
Critical thinking 3.14 3.78 18.76 <.001 )
Character 3.71 4.38 22.95 <.001 )
Citizenship 3.58 4.28 24.63 <.001 1
Curation 2.66 3.64 31.87 <.001 )
Connectedness 2.17 3.05 27.54 <.001 1
Creativity 2.28 3.18 29.81 <.001 1
Collaboration 3.54 4.23 19.37 <.001 )

Note: 1 indicates an increase, |, indicates a decrease, — indicates no change, Degrees of freedom for
all F-tests: (1, 58)

From Table 9, it is noted that R* = 0.301, indicating that the model explains 30.1% of the variance in
GPA outcomes. The model’s p-value is 0.498, which is not statistically significant at the conventional
0.05 level. None of the digital literacy variables show statistically significant relationships with aca-
demic outcomes (all p-values > 0.05). Based on the regression results, we failed to support hypothe-
sis H4. Most digital literacy variables continue to show negative relationships with GPA, which is
counterintuitive and warrants further investigation.

Table 9. Influence of variables on academic outcomes

Variable B SE B g t p
Constant 7.2014 0.7104 10.137 .000
Communication -0.0223 0.1132 -0.0516 -0.197 .846
Copyright 0.0452 0.1073 0.1043 0.421 678
Critical thinking 0.0315 0.1341 0.0727 0.235 817
Character -0.0574 0.1515 -0.1326 -0.379 709
Citizenship -0.0387 0.1391 -0.0894 -0.278 784
Curation -0.0156 0.1277 -0.0360 -0.122 904
Connectedness -0.1436 0.1182 -0.3315 -1.215 239
Creativity -0.0762 0.1312 -0.1759 -0.581 .568
Collaboration 0.0328 0.1255 0.0757 0.261 797

Note: R? = 301 (N = 30, p = .498)
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QUALITATIVE ANALYSIS

Starting with a careful familiarization with the responses from the open-ended questions, the theme
analysis process involved several readings of the participants’ answers. Then, by spotting repeating
trends and important data points, the first codes were produced, which were methodically used
throughout the whole data collection process. Finding themes by organizing similar codes and seeing
general trends came next. After that, these possible topics were examined to guarantee they fairly re-
flected the facts and tackled the study issues. Every theme established clear definitions and titles to
best express its core. Finally, the study was written using supporting and interesting extract examples
to highlight every subject. Constant comparison and iterative reflection were used throughout this
approach to guarantee the analysis stayed anchored in the data and offered significant insights into
the participants’ experiences with metaverse technology in language acquisition.

The thematic analysis shown in Table 10 indicates important consequences for the design of

metaverse learning. Although interactive engagement themes and inclusive social interaction show
the platform’s capacity for collaborative learning, the appearance of technological impediments and
digital skill discrepancies points to particular design needs. These results show that effective imple-
mentation in the metaverse virtual learning environments calls for careful attention to both social af-
fordances and accessibility aspects.

Table 10. In what ways did you feel included/excluded in the learning process?

tive real-time language prac-
tice

- Real-time practice

P15 (partial)

Included in group activities

- Group activities inclusion

Partll%pant Response summary Codes Theme

PO1 Felt included due to interac- | - Diverse interaction Inclusive social in-
tion with diverse students - Engaging environment teraction

P10 Included through interactive | - Interactive expetiences
experiences in shared virtual | - Shared virtual environment
space

P06 Included through real-time - Real-time communication Interactive engage-
communication and collabo- | - Collaborative activities ment
ration

P08 Included through collabora- | - Collaborative projects
tive projects - Community feeling

P12 Involved through collabora- | - Collaborative tasks

P02

Felt excluded during tech-
nical issues

- Technical problems
- Missed discussions

P09

Excluded due to technical is-
sues causing missed lessons

- Technical problems
- Missed content

P15 (partial)

Excluded due to internet is-
sues

- Internet connection
problems

Technical barriers

activities due to slower adap-
tation

- Fast-paced activities

P05 Excluded during quick-re- - Navigation challenges Digital skill dispar-
sponse activities due to navi- | - Speed of response issues ities
gation difficulties

P07 Felt excluded due to a - Learning curve
slower grasp of VR tools - Skill gap

P14 Excluded during fast-paced | - Adaptation speed
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Part}%pant Response summary Codes Theme

P04 Included due to equal access | - Equal technology access Equitable access
to technology - No technological gap

P13 Included due to equal access | - Equal resource access
to resources and the envi- - Level playing field
ronment

P03 Connected through VR but | - Immersive learning Immersion vs. iso-
missed external discussions | - Missed external interactions | lation

P11 Excluded during challenging | - Activity difficulty Task-specific chal-
activities like spontaneous - Speaking task challenges lenges
speaking

Thematic analysis in Table 11 has indicated important design implications for systems in the
metaverse. The themes of supporting training, improving infrastructure, and adding features to the
platform draw attention to specific areas that need improvement. It is important to note that partici-
pants’ suggestions stress the need for a three-tiered implementation approach: improving technology
infrastructure, offering full user support, and making learning interfaces more flexible to meet the
needs of all students.

Table 11. What improvements would you suggest
for making this technology more accessible?

Part}(I:;p ant Response summary Codes Theme
P01 Better training sessions on - Pre-course training Training and sup-
using VR headsets and navi- | - Navigation guidance port
gation
P04 Quick tutorial within VR for | - In-VR tutorial
first-time users - Basic control instruction
P10 Tech support is readily - Real-time tech support
available during lessons - Minimizing class disruptions
P02 Improving internet infra- - Internet infrastructure Infrastructure and
structure in the college - Smooth experience equipment
P05 More ergonomic headsets - Ergonomic design
for comfort in longer ses- - Extended use comfort
sions
P11 Less resource-intensive plat- | - Resource optimization
form for smoother running | - Device compatibility
P03 Allow use of VR headsets - Extended access Increased access
outside the classroom - Extra practice and practice
P06 Provide space for VR prac- | - Practice space
tice in free time - Self-paced learning
P07 Better integration with real- | - Real-world integration Platform features
wortld tasks - Physical material interaction | and customization
P08 Adjustable settings to re- - Motion sickness reduction
duce motion sickness - Comfort settings
P12 More personalized feedback | - Personalized feedback
during VR sessions - Inclusive learning
P13 Improved avatar interaction | - Enhanced avatars
features - Realistic group work
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Part}%p ant Response summary Codes Theme

P14 Option to switch between - Mode flexibility
immersive and non-immer- | - Comfort options
sive modes

P15 Better audio and communi- | - Improved audio
cation tools - Enhanced communication

P09 Offer a hybrid model com- | - Hybrid learning Hybrid learning
bining VR and traditional - Method flexibility models
methods

DISCUSSION

With great effect sizes (Cohen’s d = 2.36 for all skills), the experimental group demonstrated notable
increases in reading, writing, and speaking abilities immediately following the intervention. This im-
plies that for language acquisition, metaverse-based learning environments can be successful. These
results are consistent with earlier studies showing the effectiveness of virtual reality in strengthening
language proficiency, such as the one on the improvement of expository writing through Google
Earth VR (Y. Chen et al., 2019). The immersive character of metaverse worlds probably provides real
settings for language learning, which enhances performance. The novelty effect of adopting new
technology could help to explain the significant effect sizes noted; this could have raised student en-
thusiasm and involvement in the short term.

The experimental group maintained significant improvements in reading and writing skills after six
months, with medium to large effect sizes (Cohen’s d = 0.94 for reading, 1.69 for writing). However,
speaking skills showed less retention (Cohen’s d = 0.35). It is worth mentioning that this decreased
ability to retain speaking abilities goes against the norm described by Hennig-Thurau et al. (2022), as
Metaverse environments are specifically designed to foster real-time verbal engagement and commu-
nication. The sustained improvements in reading and writing align with research on the benefits of
immersive learning environments for long-term retention (Jia et al., 2023). The interactive nature of
metaverse platforms may reinforce these skills through varied practice opportunities. The weaker re-
tention of speaking skills suggests that some language competencies may require more ongoing prac-
tice or different types of interventions to maintain improvements. This highlights the need for bal-
anced language learning approaches that address all skill areas effectively.

With the biggest effect size among all evaluated outcomes (Cohen’s d = 3.10 immediate, 2.56 long-
term), the experimental group demonstrated notable increases in digital literacy. This result aligns
with studies showing that using sophisticated technology improves general digital competency
(Jamrus & Razali, 2021). The metaverse setting most certainly gave pupils chances to acquire a variety
of digital abilities outside of language acquisition. Contrary to what conventional ideas of educational
technology would have us believe, these significant improvements in digital literacy did not result in
better academic performance. Against predictions, the study revealed no appreciable correlation be-
tween digital literacy characteristics and GPA. This outcome questions presumptions regarding how
directly digital skills affect academic performance (Pagani et al., 2016). It implies that, although navi-
gating metaverse-based learning settings requires computer literacy, other elements can be more cru-
cial for general academic performance. The rather small sample size (IN=30) of the trial or the short-
term character of the intervention could be the causes of the lack of significance. Furthermore, GPA
might not be the best indicator of academic performance in this regard since it might not entirely re-
flect the particular linguistic and digital competencies acquired during the metaverse intervention.

The qualitative analysis revealed themes such as inclusive social interaction, interactive engagement,
and technical barriers. Students reported feeling included through diverse interactions and collabora-
tive activities but also experienced exclusion due to technical issues and digital skill disparities. These
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findings align with research on the benefits of collaborative virtual environments for language learn-
ing (Chien et al., 2019). The reported technical barriers are consistent with challenges identified in
implementing VR technologies in educational settings (H. Chen, 2023). The experiences of inclusion
and exclusion varied among participants, highlighting the need for personalized support and adapta-
ble learning environments. The technical barriers reported suggest that metaverse-based learning may
inadvertently create new forms of educational inequality if not implemented with careful considera-
tion of all students’ needs and resources.

Participants suggested improvements in areas such as training and support, infrastructure and equip-
ment, increased access and practice opportunities, and platform features and customization. These
suggestions align with research on the importance of teacher training and digital infrastructure in suc-
cessfully implementing AR and VR technologies in education (Jamrus & Razali, 2021). The focus on
increased access and practice opportunities supports the need for flexible, hybrid learning models.
Implementing all suggested improvements may be resource-intensive and challenging for many edu-
cational institutions. Prioritizing which improvements to focus on and finding cost-effective solu-
tions will be crucial for the wider adoption of metaverse-based language learning,.

The integration of qualitative and quantitative findings offers insights into the relationship between
digital literacy and academic performance. While quantitative results showed negative correlations be-
tween some digital literacy variables and GPA, these relationships were not statistically significant.
The qualitative data suggests that the link between digital literacy and academic success is more com-
plicated than initially hypothesized, therefore helping to contextualize this result. Participants’ experi-
ences show that, although crucial for platform navigation, digital literacy might be only one of several
clements affecting learning results. The qualitative data showed that students used the tool in a vari-
ety of ways, regardless of how technical they were. While some very technologically advanced stu-
dents said they concentrated on technical inquiry, others said they gave language study top priority.
This implies that individual learning strategies and involvement patterns can be more important than
digital literacy by itself. Qualitative results also point out additional crucial elements such as platform
accessibility, training support, and infrastructure quality. This more general view implies that rather
than depending just on digital literacy, effective learning results in metaverse contexts depend upon
multiple interconnected factors.

THEORETICAL IMPLICATIONS

In some respects, this work greatly advances the theoretical knowledge of technology-enhanced lan-
guage acquisition. Most importantly, it shows how metaverse platforms provide new kinds of social
mediation in language acquisition, hence extending Vygotsky’s sociocultural theory in virtual con-
texts. In contrast to Ma and Yuen (2010), who emphasized the significance of social connection in
online learning, our research reveals how virtual scaffolding and peer-to-peer interactions in fully im-
mersive 3D settings promote the Zone of Proximal Development. Social mediation in virtual envi-
ronments may operate differentially across language competencies according to the varied retention
patterns across reading, writing, and speaking skills. This extends the work of Diep et al. (2018) on
virtual learning environments. Moreover, our results contradict accepted wisdom on the link between
digital literacy and academic achievement in virtual environments. Our findings point to a more nu-
anced link, especially in immersive settings, as opposed to G. Chen et al. (2024), who claim that digi-
tal literacy directly affects learning outcomes. This emphasizes the requirement of separating tech-
nical proficiency from pedagogical efficacy independently, therefore supporting developing theories
regarding technology integration in language learning. Building on Kulal et al.’s (2024) research on
digital equity in education, our qualitative results about inclusivity and technical constraints enhance
present theoretical frameworks about accessibility in virtual learning settings. According to these
tindings, the metaverse adds new perspectives to discussions of educational involvement and access,
necessitating that theoretical frameworks take into account the social as well as the technological
components of virtual learning environments.
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PRACTICAL IMPLICATIONS

The findings of this study have significant practical implications for educational institutions imple-
menting metaverse-based language learning. Our results reveal a strong correlation between infra-
structure quality and learning outcomes, supporting Akasaka et al.’s (2023) emphasis on technological
readiness, suggesting that institutions should prioritize robust network infrastructure capable of sup-
porting multiple simultaneous VR connections, regular technical maintenance, and backup systems
for continued learning during technical difficulties.

The findings regarding digital literacy indicate the need for comprehensive training programs, align-
ing with Choudhary and Bansal’s (2022) recommendations for technology integration. These pro-
grams should encompass structured training for both educators and students, ongoing technical sup-
port, and regular assessment of digital competency needs. The differential retention of language skills
observed in our study suggests the necessity of hybrid learning approaches, building on recent studies
of blended learning effectiveness (O’Byrne & Pytash, 2015). This approach should integrate
metaverse-based activities with traditional language practice, incorporate regular speaking practice
sessions in both virtual and physical environments, and provide structured peer interaction opportu-
nities across platforms.

Furthermore, the accessibility challenges identified in our qualitative data, which align with recent
findings by Alshammari (2020) on inclusive virtual learning, indicate that institutions should focus on
developing adaptive interface options for diverse learner needs, providing alternative access methods
for students with technical limitations, and creating inclusive virtual spaces that accommodate differ-
ent learning styles.

CONCLUSIONS

This study looked at how metaverse-based platforms affected language learning and digital literacy in
higher education: how they affected both short-term and long-term language proficiency, how digital
literacy and academic performance were related, and how accessible the platforms were in environ-
ments with limited resources. Through a mixed-methods approach that included qualitative inter-
views (N=15) and an 8-weck experimental intervention (N=060), we investigated these topics using
pre-test, post-test, and retention measures at six months.

Both anticipated and surprising patterns were found in our data. Particularly in reading and writing,
the experimental group’s language proficiency significantly improved despite the metaverse’s real-
time communication capabilities, resulting in speaking skills surprisingly showing poorer retention.
Despite notable improvements in digital competency, there was no discernible relationship between
enhanced digital literacy and academic achievement in language acquisition.

This work has various constraints, though it offers insightful analysis of metaverse-based language
learning. The sample size of 60 participants (30 per group) was chosen due to resource constraints,
the intensive nature of the 8-week intervention, and the exploratory nature of this study. While this
limits generalizability, it allows for in-depth analysis and serves as a pilot study to inform larger-scale
research in the future. Metaverse technology may affect language acquisition in the long term, but the
8-week intervention may not capture this. The study may not be as applicable to other age groups or
educational levels because it concentrated on undergraduate students. GPA is a metric of academic
performance that may not fairly represent gains in particular language acquisition. Technical prob-
lems and different degrees of digital literacy among the participants could have affected the out-
comes. The study lacked control for extraneous variables that could influence language acquisition
outside of the metaverse context. Furthermore, the novelty impact of adopting new technology
might have momentarily raised motivation, therefore exaggerating the short-term outcomes. The
study took place at one institution, which would not fairly reflect varied educational environments
and resource availability.
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The study emphasizes the necessity of further long-term research to properly comprehend the effects
of metaverse-based learning on academic performance and language competency. Future studies
could investigate the connection between digital literacy and academic achievement in greater detail,
maybe applying alternate criteria of academic success beyond GPA. To create more accessible and
successful metaverse-based learning environments, multidisciplinary cooperation among language
teachers, technologists, and learning scientists is much needed. To meet the different demands and
ability levels of language learners, researchers should look at how adaptive learning systems inside
metaverse settings may be used. Additional research should look at the transferability of digital capa-
bilities gained in metaverse environments to real-world settings and other academic fields, as well as
linguistic abilities. To guarantee uniformity among further research in this sector, consistent assess-
ment instruments for evaluating language competency and digital literacy in immersive virtual envi-
ronments should be developed. Training on the efficient use of metaverse-based learning tools
should be included in academic courses in language education and educational technology, arming
future teachers for this new pedagogical method. Future research should also examine how different
pedagogical approaches and scaffolding strategies in metaverse environments affect both language
acquisition and student well-being, including motivation, anxiety, and emotional engagement.
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