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Abstract

The metaverse has gained considerable attention and enormous investments in re-
cent years and is increasingly recognized as a critical domain for future interac-
tions and communications. Despite its growing importance, there is a notable lack
of research on metaverse literacy, especially in education and training. This study
aims to conceptualize “metaverse literacy for education” by defining its core com-
ponents and proposing a framework for its evaluation. Furthermore, we report a
case study leveraging an experiential learning approach to explore how exposure
to various digital platforms - Virtual Reality (VR) headsets, mobile phones, and
personal computers (PC) - influences metaverse literacy and perceptions regard-
ing its adoption. The case study engaged first-year bachelor-level students (N=30)
enrolled in an undergraduate program. Our findings reveal that learning experience
with the metaverse significantly shifts students’ perceptions about the effort needed
for adoption and enhances their metaverse literacy for education. By focusing on
these dimensions, this study makes a contribution to the understanding of metaverse
literacy for education, advocating for an experiential approach to learning and ad-
aptation in digital environments.
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1 Introduction

The emergence of the metaverse has presented a transformative landscape for digital
interaction and communication thus has generated significant interest in its potential
applications across various sectors (Kim, 2021; Zhang et al., 2024). This multidimen-
sional platform integrates extended realities (XR) including augmented reality (AR)
and virtual reality (VR) with blockchain technologies to create a seamless, immersive
experience that transcends traditional digital engagement. Although the metaverse
concept is closely associated with AR and VR, it is not confined to these technologies
alone. The metaverse can also be accessed through more common devices such as
mobile phones and personal computers (PCs). Research suggests that the metaverse
could provide unique opportunities not only in education but also across various sec-
tors (Hwang & Chien, 2022; Lin et al., 2022; Zhang et al., 2023). However, the
effectiveness of such Metaverse-based environments in educational and work set-
tings hinges critically on the users’ ability to proficiently navigate and manipulate
these spaces (Hwang et al., 2023).

While numerous academic research and industry experts have acknowledged the
significant potential of the metaverse in shaping future societal interactions (e.g.,
Kim, 2021; Mystakidis, 2022), there remains a notable deficiency in studies focused
on metaverse literacy among higher education students, especially in Information
Systems (IS) education. Metaverse literacy extends beyond traditional digital skills,
encompassing a broader spectrum of competencies that enable effective navigation,
interaction, and creation within these complex virtual environments (Hwang et al.,
2023). In particular, metaverse literacy involves a constellation of skills, including
spatial navigation, digital citizenship, content creation, and the ability to engage
interactively within a three-dimensional virtual space. These competencies are cru-
cial for students to effectively utilize the metaverse for learning, social interaction,
and eventually professional applications.

This study aims to conceptualize metaverse literacy and present a case study illus-
trating how experiential learning can be employed to enhance metaverse literacy and
perceptions. The case study utilizes experiential learning (Kolb, 2014) and the theory
of situated cognition (Brown et al., 1989) to investigate how varied exposure to digi-
tal platforms affects metaverse literacy and perceptions regarding its adoption. Expe-
riential learning is an educational approach where learners acquire knowledge and
skills through direct engagement in meaningful activities (Kolb, 2014), while situated
cognition emphasizes that this learning occurs within and is influenced by the context
or environment in which it takes place, highlighting the interdependence of thought
processes and the physical and social aspects of learning environments (Brown et al.,
1989). Furthermore, this research evaluates whether strategically sequenced expo-
sure to different types of digital platforms results in more robust literacy than random
or unstructured exposure. Research supports this approach, indicating that the design
and modality of virtual environments significantly influence cognitive and affective
learning outcomes (Johnson-Glenberg et al., 2020).
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2 Opportunities and challenges of metaverse in education

The metaverse refers to a collection of virtual environments where users, represented
by avatars, interact with one another, typically within three-dimensional (3D) spaces.
It represents a world where the virtual and physical realms converge, co-evolving to
support social, economic, and cultural activities that create value (Kye et al., 2021;
Zhang & Quoquab, 2023). The metaverse goes beyond merely combining the physi-
cal and virtual worlds; it serves as a seamless extension of the physical world into the
virtual realm, creating a unified ecosystem that integrates both environments. In this
regard, the metaverse is commonly categorized in four types: (1) augmented reality,
(2) lifelogging, (3) mirror world, and (4) virtual reality (George-Reyes et al., 2023).
Access to the metaverse is possible through various digital devices, including head-
sets, smartphones, and personal computers, among others. Software and hardware
availability leads to an increased interest and readiness to incorporate the metaverse
into teaching and learning (Fortman & Quintana, 2023), marking education one of
the most impactful sectors of the metaverse (Dwivedi et al., 2022).

The metaverse has garnered increasing interest from educators and researchers
due to its transformative potential in reshaping learning practices. While many stud-
ies still subsume the afore-mentioned four categories under the broader term of the
metaverse (Kye et al., 2021; Ng, 2022), technological advancements in recent years
have reconceptualized the essential characteristics of the metaverse. Remarkably,
Hwang and Chien (2022) emphasize the distinction between the metaverse and AR/
VR by highlighting its key features of being shared persistent, and decentralized.
They note that the metaverse integrates AR and VR alongside other technologies,
including Al, to create a more comprehensive and dynamic environment. In contrast
to AR/VR, which primarily presents virtual content and environments, the meta-
verse fosters immersive experiences, collaboration, and interaction that support the
development of cognitive and social learning (Ng, 2022). Specifically, the metaverse
provides sensory-rich, experiential learning environments that promote embodied
learning, enhance spatial knowledge, and offer opportunities for situated learning
(Fortman & Quintana, 2023).

In addition, its multi-user environment facilitates global collaboration, allow-
ing students from different geographical locations to work together in real-time,
promoting intercultural competence and expanding the boundaries of traditional
education (Dwivedi et al., 2022). Additionally, personalized learning and adaptive
learning within the metaverse makes education more engaging and tailored to indi-
vidual learner needs (Onu et al., 2024). Given its potential, the metaverse has been
employed in various fields of education such as healthcare and medicine training
(Kye et al., 2021). Particularly, it enables learners to participate more dynamically
regardless of constraints on time or space, such as doing hands-on experiments, con-
ducting virtual visits in a 3D environment (Huh, 2022). It is especially crucial in
experiential learning in situations that may be hazardous or harmful in the real world,
such as simulating radiation leaks, war zones, or emergency responses for elementary
school students (Dwivedi et al., 2022).

Despite the exciting prospects, significant challenges remain in integrating the
metaverse into education. Human factors, particularly the readiness of teachers and
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learners, stand as key obstacles to its successful implementation. From the teach-
ers’ perspective, the current scarcity of educational content in the metaverse makes
it difficult to find and utilize relevant materials (Onu et al., 2024). This scarcity of
resources also means that educators must develop meaningful curricula that effec-
tively incorporate metaverse technologies. This task requires them to adapt to new
teaching methods and identify a new set of skills necessary for learners, which can
be daunting without proper training or pedagogical support (Tlili et al., 2022). From
the students’ perspectives, prolonged use of VR technologies can cause physical dis-
comfort, such as VR sickness, raising concerns about student health and well-being
in immersive learning environments (Dopsaj et al., 2024).

Additionally, while the metaverse promises to enhance learning through its fea-
tures of presence, immersion, and agency, studies have shown that it does not always
guarantee positive learning outcomes. Instead, it may hinder the learning performance
by inducing extraneous cognitive processing and distracting learners. A lack of digi-
tal literacy, particularly immersive literacy, has been identified as a significant barrier
in utilizing immersive environments effectively (Skulmowski, 2023). Furthermore,
research indicates that time management in the virtual world can also pose chal-
lenges for students, as many do not possess the necessary technological knowledge
to navigate the metaverse efficiently (Tlili et al., 2022). Without adequately preparing
learners with the necessary literacies, the integration of the metaverse into education
may hinder rather than enhance learning outcomes. This highlights the need to con-
ceptualize Metaverse Literacy, equipping both learners and educators with the skills
to navigate, understand, and critically engage with immersive technologies.

3 Conceptualizing metaverse literacy
3.1 Defining metaverse literacy

The concept of “literacy” has expanded considerably beyond its original definition
of basic reading and writing skills to encompass a broad spectrum of competencies,
including financial, health, and scientific literacies. In the digital era, digital literacy
has emerged as a critical skill, encompassing related areas such as media literacy
and information literacy. These literacies focus on individuals’ abilities to effectively
apply, evaluate, and communicate information within technology-mediated environ-
ments. As emerging technologies like Al and the metaverse continue to shape various
aspects of society including education, corresponding literacies are increasingly nec-
essary. While recent research has made progress in conceptualizing and measuring
Al literacy (e.g., Celik, 2023; Ng et al., 2024), the development of metaverse literacy
remains limited, despite significant investment in and the promising potential of this
technology.

A few attempts have been made to explore metaverse literacy within specific
professional contexts. For instance, Subaveerapandiyan et al. (2024) investigated
metaverse literacy among library professionals, offering valuable insights into the
specialized competencies required to navigate and manage virtual information eco-
systems. Similarly, Hong et al. (2024) surveyed metaverse literacy among teachers,
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highlighting the specific learning needs and professional development required to
integrate immersive technologies into classroom practices. However, both studies are
quite context specific—the former focusing exclusively on library settings and the
latter tailored to the educational demands of teachers. As a result, they do not fully
capture the broader range of skills and adaptive strategies that learners in diverse
educational settings require to effectively engage with the metaverse.

From our point of view, technology-related literacy goes beyond basic technical
skills for operating technology and should be contextualized according to specific
environments. For example, Ng et al. (2024) conceptualized Al literacy for educa-
tional contexts, drawing on Bloom’s taxonomy to frame the necessary competencies.
In line with this, we argue that while metaverse literacy could be grounded in the
affordances of the metaverse to help learners navigate and engage meaningfully with
virtual learning environments, its conceptualization for education is equally impor-
tant. This educational focus is essential for maximizing the benefits of the metaverse
in both learning and teaching.

Accordingly, metaverse literacy for education can be understood from multiple
angles. It can involve understanding the technical and navigational skills needed to
engage with virtual environments, the cognitive abilities required to critically assess
and interact within these spaces, and the social and ethical dimensions of participat-
ing in immersive, digital ecosystems. Additionally, it can encompass the pedagogical
implications, where educators and learners leverage the unique affordances of the
metaverse to enhance teaching and learning processes. Each of these perspectives
contributes to a more comprehensive understanding of metaverse literacy in an edu-
cational context.

Nevertheless, metaverse literacy for education should broadly refer to both tech-
nological proficiency and cognitive adaptability in learning within immersive set-
tings as they are associated with a learner’s perception of the metaverse environment.
Learners need to master the interfaces and controls of metaverse environments to
effectively navigate, engage with, and critically analyze immersive experiences, nor-
mally provided by Virtual Reality (VR) and Augmented Reality (AR) technologies
(Steed et al., 2023). It also involves understanding spatial awareness in virtual spaces,
performing embodied learning through interactions with digital objects (Di Natale
et al., 2020), having the feeling of presence and sensory engagement, and critically
reflecting on the impact of these immersive experiences on cognition and behavior
(Steed et al., 2023).

Furthermore, collaboration and socio-emotional skills are also essential to the
metaverse, where user avatars collaborate and share experiences, thus creating shared
values. Unlike in the physical world, this virtual collaboration transcends time and
space, fostering a sense of common purpose within the metaverse society. However,
communication in the metaverse is limited by sensor data, which can lead to misun-
derstandings or misinterpretations of intentions (Dwivedi et al., 2022). Therefore,
developing collaborative and socio-emotional skills to converse, negotiate, and eval-
uate the situations are important to facilitate smooth and meaningful interactions in
the metaverse.

In the context of education, we define metaverse literacy as the set of abilities and
self-efficacies needed to effectively and enjoyably utilize the metaverse for learning.
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This includes competencies across cognitive, behavioural, and ethical dimensions,
enabling learners to navigate, engage with, and reflect on their experiences within
immersive virtual environments.

3.2 Evaluating metaverse literacy for education

The dimensionality of metaverse literacy for education can be framed by drawing
on prior research on digital literacy. Specifically, building on the conceptualization
of other technological literacy for education, particularly Al literacy framework pro-
posed by Ng et al. (2024) and grounded in Bloom’s taxonomy (Bloom, 1956; Krath-
wohl et al., 1964), the learning domains for metaverse literacy can be categorised
into four main domains: affective, behavioural, cognitive, and ethical. These domains
align with learners’ abilities to engage emotionally, perform actions, process knowl-
edge, and address moral considerations within the metaverse learning environments.

Moreover, prior research on technology adoption highlights that users’ percep-
tions and their initial expectations play a critical role in influencing technology usage
(Davis, 1989; Di Natale et al., 2020). These factors shape not only the likelihood of
adoption but also the manner and extent to which users engage with new technologi-
cal tools. Therefore, in evaluating metaverse literacy for educational purposes, we
propose that it is essential not only to assess individuals’ ability to utilize the meta-
verse effectively within learning contexts but also to consider their perceptions of the
metaverse and their prior expectations. These factors are integral to understanding
their overall readiness and potential engagement with metaverse-based educational
environments. By integrating these aspects, we conceptualize the Metaverse Literacy
for Education framework, as illustrated in Fig. 1.

The affective learning domain in Bloom’s taxonomy, as originally outlined by
Krathwohl et al. (1964), involves the development of students’ attitudes, values, and
emotions in learning contexts, which influence their motivation and engagement in
educational activities. In this context of metaverse literacy, the affective learning
domain encompasses students’ emotions related to learning within the metaverse.
This domain is pivotal in shaping how students value and emotionally relate to con-
tent, significantly impacting their learning outcomes (Anderson et al., 2001). It is
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Fig. 1 Metaverse literacy for education framework
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important to note that, unlike general attitudes toward technology (Davis, 1989;
Di Natale et al., 2024) such as learners’ perceptions of the metaverse, the affective
learning domain within metaverse literacy for education specifically focuses on the
emotional aspects of using the metaverse for learning. This includes how students
feel about leveraging the metaverse as a tool to support their educational experi-
ences. This includes their attitudes such as motivation, self-efficacy and confidence
in participating and engaging in metaverse-based learning activities. For instance, it
considers how comfortable students feel navigating the metaverse and how confident
they are in utilizing its features to support their learning processes.

Behavioural learning focuses on the actions and external behaviours that dem-
onstrate students’ active engagement in learning within the metaverse. This encom-
passes operational performance, course completion rates, behavioural intentions,
collaboration, and overall engagement in virtual spaces. Studies have examined how
students’ collaborative efforts and communication within virtual environments con-
tribute to their learning outcomes, highlighting the importance of active participation
in the metaverse.

Cognitive learning involves the development of thinking skills ranging from basic
knowledge acquisition to higher-order critical thinking, as outlined in Bloom’s tax-
onomy. In evaluating metaverse literacy, this dimension assesses students’ growth
in understanding virtual technologies, their ability to analyse and seek information
within the metaverse, and the depth of their technological skills. Recent studies have
utilized self-report questionnaires to gauge students’ knowledge in areas such as nav-
igation of virtual spaces, information processing, and problem-solving within digital
environments (Fokides, 2023).

Ethical learning domain pertains to the moral principles and responsible prac-
tices associated with using metaverse technologies for education. Previous research
emphasizes the need to contextualize ethical and privacy issues, particularly within
educational settings (Ifenthaler & Schumacher, 2016; Nguyen et al., 2023). In this
regard, fostering learners’ ethical understanding specific to learning within the
metaverse becomes essential, as it enables them to navigate digital environments
responsibly and safely. This critical aspect extends beyond mere digital knowledge,
encompassing issues like security, social responsibility, digital rights, privacy, and
respectful interactions within virtual communities. Emphasizing ethical values
enables students to use metaverse technologies responsibly, fostering a safe and
respectful virtual environment while mitigating potential risks such as cyberbullying
or misuse of digital information.

Furthermore, the perception of the metaverse and prior expectations significantly
influence metaverse literacy in educational contexts, particularly regarding its use
as a learning tool. When learners enter metaverse-based environments, their precon-
ceived notions, such as whether positive or skeptical, affect their engagement and
openness to using it for academic purposes. Positive perceptions and realistic expec-
tations can enhance learners’ confidence in exploring the metaverse’s potential for
interactive and immersive learning experiences, fostering a proactive approach to
learning. Conversely, negative perceptions or inflated expectations may lead to disap-
pointment or reluctance, reducing their willingness to fully engage with or explore
the metaverse’s capabilities. Consequently, learners’ metaverse literacy is not merely
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about mastering technical aspects; it also involves developing a balanced understand-
ing and adaptable mindset towards this new learning domain. Educators, therefore,
need to address and guide these perceptions and expectations to support a smoother
and more effective integration of the metaverse in educational practices.

By evaluating metaverse literacy through both these perception of the technology,
prior expectation, and the four learning domains (affective, behavioural, cognitive,
and ethical learning), educators can gain a comprehensive understanding of students’
competencies in virtual environments. This holistic approach facilitates the develop-
ment of targeted educational strategies that not only enhance students’ technical skills
but also promote responsible and meaningful engagement within the metaverse. Such
evaluation is essential for preparing students to navigate the increasingly complex
digital landscapes of the modern world effectively.

4 Case study for enhancing metaverse literacy through experiential
learning

4.1 Participants and procedure

Participants in this study include first-year bachelor-level students (N=30) enrolled
in the Information Systems (IS) program at [Remove for blind review]. Students were
provided with different platforms of the metaverse, namely Metagallery, VRChat,
and Spatial, accessed by PCs, VR headsets, or mobile phones. Screenshots of the
learning environments are presented in Fig. 2.

Students were divided into three groups based on the sequence in which they
engaged with different digital platforms: Group 1 (N=9) started with VRO Mobile
¢ PC; Group 2 (N=9) started with Mobile ¢ PC ¢ VR; Group 3 (N=12) started

Fig. 2 Metaverse environments used in this study
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with PC ¢ VR 0 Mobile. This design was informed by prior research indicating that
the sequence of instructional activities can significantly influence learning outcomes
(Roelle et al., 2022). However, our central hypothesis is that metaverse literacy—
encompassing affective, behavioral, cognitive, and ethical dimensions—is context-
and device-independent, meaning its development is robust regardless of the order
of platform exposure. As illustrated in Fig. 3, by incorporating multiple sequences
in our experimental design, we aimed to assess whether an experiential learning
approach can promote transferable metaverse literacy skills across diverse digital
environments and whether exposure to various platforms, irrespective of sequence,
fosters a comprehensive set of these skills.

4.2 Measurements

This study employed pre-test and post-test data from two sets of 5-point Likert scale
questionnaires concerning Metaverse Perception and Literacy for Learning Domains
adapted from previous questionnaires on general technology perception and literacy
on other technology (Di Natale et al., 2024; Ng et al., 2024). The Metaverse Percep-
tion includes Experience Expectation (7 items) and Effort Expectancy (4 items). The
metaverse literacy for learning domains comprises of 4 sub constructs, namely Affec-
tive Learning (4 items), Behavioral Learning (3 items), Cognitive Learning (6 items),
and Ethical Learning (5 items). In addition, we also surveyed their prior expectation
with the metaverse as controlling factors, including their Performance Expectancy
(4 items) and Willingness to learn with the metaverse (3 items). All questionnaires
achieved a high Cronbach’s alpha, indicating their high reliability (Table 1).

4.3 Data analysis
In this study, the effects of experiencing different digital platforms on students’ meta-

verse perceptions and literacy were assessed using a variety of statistical techniques
appropriate for the ordinal nature of the data and the study design. The data were
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Fig. 3 The experiment design
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Table 1 Reliability of the ques- Type Scale Cron-
tionnaires used bach’s
Alpha
Pre- Metaverse Prior Expectation (7 0.8
questionnaire items)
Metaverse Perception (11 items) 0.7

Metaverse Literacy (Learning Do- 0.8
mains) (18 items)

Post- questionnaire  Metaverse Perception (11 items) 0.8

Metaverse Literacy (Learning Do- 0.9
mains) (18 items)

analyzed using R programming (R Core Team, 2023), with the /me4, ImerTest, and
boot packages.

A Linear Mixed-Effects Model (LMM) was used to assess changes between
pre-test and post-test scores for the Metaverse Perception and Metaverse Literacy
(Learning Domains) scales, while controlling for Willingness to use and Perfor-
mance Expectancy. The model included Test Time (pre-test vs. post-test), Construct
(with Experience Expectation as the reference), and their interaction to determine if
changes differed across constructs. A random intercept was included for participants
to account for repeated measures. The assumption of normal distribution was tested
using the Shapiro-Wilk normality test, and homoscedasticity was assessed using the
Breusch-Pagan test. The model was fit using restricted maximum likelihood (REML)
estimation, and degrees of freedom were calculated using the Satterthwaite approxi-
mation. Due to the slight violation of the normality assumption and the small sample
size, bootstrapping was applied to ensure accurate estimation of the fixed effects and
confidence intervals. Bootstrapping was conducted with 1000 replications using the
bootMer function from the /me4 package, which resamples the data to provide robust
confidence intervals and parameter estimates. This method effectively addresses
issues related to non-normality and ensures reliable estimates despite the small sam-
ple size.

As participants were divided into three subgroups to follow three different learn-
ing sequences, we also explored the differences among the subgroups. Given the non-
normality of the data and the small and unequal sample sizes across the three groups.
Quade’s Test - a non-parametric alternative to traditional ANCOVA that allows for
the comparison of groups while adjusting for covariates, was employed to evaluate
whether the sequence in which the groups used the metaverse platform had a signifi-
cant effect on the learning outcomes, after controlling for the effects of Motivation
and Performance Expectancy.

4.4 Results & findings

4.4.1 Impact of experiential learning across different digital platforms (VR, mobile,
and PC) on students’ metaverse perceptions and literacy

4.4.1.1 Metaverse perceptions Regarding their perception after learning with the
metaverse platforms, a linear mixed-effects model was conducted to examine the
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changes in pre-test and post-test scores (Test Time) for their perception in terms of
Effort Expectancy and Experience expectation (Construct), while controlling for
Willingness to use and Performance Expectancy. The model included random inter-
cepts for participants to account for repeated measures. The distribution of residuals
was also tested, which showed a normal distribution. The results are presented in
Table 2.

The analysis revealed a significant increase in scores from pre-test to post-test
(b=0.37, SE=0.13, t(87)=2.86, p=.005), indicating that, on average, participants’
perception toward learning with the Metaverse significantly increased across both
constructs, after adjusting for Willingness to use and Performance Expectancy. How-
ever, the main effect for construct was not significant, showing that although Experi-
ence Expectation scores were estimated to be lower than Effort expectancy scores
(b=-0.22, SE=0.13, t(87)=—1.72, p=.090), this difference is not remarkable.

Importantly, the interaction test revealed the changes in pre-test and post-test
scores differed by construct (b=—0.49, SE=0.18, #87)=—2.70, p=. 008). Specifi-
cally, the improvement in post-test scores was significantly higher for Effort expec-
tancy compared to Experience Expectation, suggesting that participants experienced
greater gains in Effort Expectancy after the intervention, even after controlling for
Willingness to use and Performance Expectancy.

Furthermore, Willingness to use was a significant positive predictor of overall
scores (b=0.26, SE=0.10, #27)=2.61, p=.014), with higher Willingness to use
being associated with higher scores, regardless of the pre-post test scores or construct
of measurements. Performance Expectancy, however, did not significantly influence
the scores (b=0.11, SE=0.10, #27)=1.12, p=.272). The conditional R.> = 0.383
showed that the full model, including both fixed and random effects, explained 38.3%
of the variance, also reflecting a moderate amount of variance explained, accounting
for individual differences among participants.

4.4.1.2 Metaverse literacy (learning domains) Another Linear Mixed-Effects Model
(LMM) was conducted to analyse the differences between pre-test and post-test scores
across the four constructs of the Metaverse Literacy scale (Cognitive Learning, Affec-
tive Learning, Behavioural Learning, and Ethical Learning), while controlling for
Willingness to use and Performance Expectancy (Table 3). The model included Test

Table 2 Linear Mixed-Effect‘s Effects Estimate SE  df ¢ p

:ZZ?:‘ for metaverse perception Yoo 2.04 039 293 522 <0.001%%*
Test Time 0.37 0.13 87 286 0.005%*
(Pre-Post)
Construct -0.22 0.13 87 -1.72 0.09
Willingness to 0.26 0.1 27 2.6l 0.014*
use
Performance 0.11 0.1 27 1.12 0.272

Note: R, 2=0.286, R 2=0.383.  Lxpectancy

Construct: Experience Time X Construct -0.49 0.18 87 -2.7 0.008*
Interaction

Expectation
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Table 3 Linear mixed model results for metaverse literacy (Learning Domains) scale with bootstrap
estimates

Effects Estimate BootBias BootSE t P 95% Boot CI
Intercept 1.52 0.0021 0.37 4.09 <0.001*%**  (0.76, 2.24)
Test Time (Pre-test) -0.82 -0.0043 0.13 -6.17  <0.001***  (-1.03,-0.55)
Behavioral Learning -0.04 0.0007 0.13 -0.29  0.769 (-0.30, 0.21)
Ethical Learning 1.52 0.0009 0.13 11.48  <0.001***  (1.27,1.77)
Affective Learning 1.2 -0.0049 0.13 9.09 <0.001***  (0.95, 1.44)
Willingness to use 0.24 0.0004 0.09 2.54 0.017* (0.08, 0.39)
Performance 0.32 -0.001 0.1 3.26 0.003** (0.12,0.51)
TestTime x Behavioral L.  0.85 0.0005 0.19 4.54 <0.001***  (0.48, 1.22)
TestTime x Ethical L. 0.69 0.0063 0.19 3.68 <0.001***  (0.32, 1.06)
TestTime x Affective L. 0.55 0.0114 0.19 291 0.004** (0.18,0.93)

Note: R,,?=0.518, R 2=0.602

Time (pre-test vs. post-test), Construct, and their interaction to determine whether the
changes differed across the constructs. Cognitive Learning served as the reference
construct, as it is considered the foundation for higher-order thinking, learners’ affects,
and behavioural changes in learning (Merrill, 2002). A random intercept for partici-
pants was included to account for repeated measures, allowing the model to adjust for
individual differences in baseline scores. Given the small sample size and slight non-
normality (as indicated by the Shapiro-Wilk test, W=0.99, p=.046), bootstrapping
with 1000 replications was employed to provide more reliable parameter estimates
and confidence intervals. The intercept of the model, representing the pre-test base-
line for Cognitive Learning, was estimated at b=1.52 (bootSE=0.37, #(203)=4.09,
p<.001), indicating that participants started with an average score of 1.52 in the Cog-
nitive Learning construct prior to the intervention. The model included a random
intercept for participants, reflecting individual differences in baseline scores. The
variance for the random intercept was 0.056 (SD=0.236). The model explained a
significant portion of the variance in Metaverse Literacy (Learning Domains) scores,
with the fixed effects accounting for 51.8% of the variance (R;> = 0.518) and the full
model, including both fixed and random effects, explaining 60.2% of the variance
(R.2=0.602). Both values indicate a large effect size, suggesting that the predictors
in the model explain a substantial amount of variance in Metaverse Literacy scores.

The analysis revealed a significant improvement in Metaverse Literacy (Learn-
ing Domains) scores from pre-test to post-test. Post-test scores in Cognitive Learn-
ing, the reference construct, were significantly higher compared to pre-test scores
(b=1.52, bootSE=0.37, p<.001), indicating substantial gains following the interven-
tion. Compared to Cognitive learning, Ethical Learning showing the largest improve-
ment (b=1.52, bootSE=0.13, #203)=11.48, p<.001), indicating a larger gain in
post-test scores. Similarly, Affective Learning also showed a significantly greater
improvement compared to Cognitive Learning (b=1.2, bootSE=0.13, #(203)=9.09,
p<.001). Behavioral Learning also improved from pre-test to post-test, with a level of
improvement similar to that of Cognitive Learning (b = -0.04, bootSE=0.13, #203)
=-0.29, p=.769), indicating that the magnitude of the change was comparable to the
reference construct.
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Table 4 Quade’s test results Constructs 2 df N

. p-value

(on Res'lduals) for metaverse Experience Expectation 3.12 2 30 0.211

perception and metaverse

Literacy(Learning Domains) Effort .Expectanu':y 0.61 2 30 0.738

across three learning sequences ~ Affective Learning 0.05 2 30 0.977
Behavioural Learning 4.22 2 30 0.121
Cognitive Learning 4.29 2 30 0.117
Ethical Learning 0.22 2 30 0.897

Both Willingness to use and Performance Expectancy had a significant impact
on the overall change in Metaverse Literacy (Learning Domains) scores from pre-
test to post-test. Higher Willingness to use was associated with significantly greater
improvements across the subscales (b=0.24, bootSE=0.09, #(27)=2.54, p=.017).
Similarly, higher Performance also contributed to greater overall improvements
across the constructs (b=0.32, bootSE=0.10, #(27)=3.26, p=.003).

The interaction between Test Type and Construct was significant, suggesting that
the extent of improvement varied by construct. For example, the improvement in
Affective Learning was significantly smaller than in Cognitive Learning (b = -0.55,
bootSE=0.19, #203) = -2.91, p=.004), indicating that the difference in the amount
of improvement between these two constructs was statistically significant. A simi-
lar pattern was observed in Behavioral Learning, which also showed significantly
less improvement than Cognitive Learning (b = -0.85, bootSE=0.19, #203) = -4.54,
p<.001). While Ethical Learning improved slightly less than Cognitive Learning
(b = -0.69, bootSE=0.19, #203) = -3.68, p<.001), it still demonstrated a greater
improvement than Affective Learning and Behavioral Learning. Overall, the results
indicated that participants who reported greater Willingness to use and Performance
Expectancy tended to have larger improvements in their Metaverse Literacy (Learn-
ing Domains) scores across all constructs.

4.4.2 Effects of exposure sequence to different digital platforms on the
enhancement of students’ metaverse perceptions and literacy

A series of Quade’s Tests were conducted to examine whether there were signifi-
cant differences in learners’ Metaverse Perception and Literacy across three different
learning sequences (VR, PC, and Mobile), while controlling for Willingness to use
and Performance as covariates. The tests adjusted for the effects of these covari-
ates before comparing the differences in learning outcomes across three learning
sequences. The results are reported in Table 4.

As for Metaverse Perception, Quade’s Test indicated no statistically significant
differences between the three learning sequences in Experience Expectation, Qu,
¥¥(2, N=30)=3.12, p=.211. Similarly, for Effort Expectancy, the result was not sta-
tistically significant, ¥(2, N=30)=0.61, p=.738. This indicates that the sequence in
which learners used the VR, PC, and Mobile platforms did not result in significant
differences in their perception of the metaverse.

No significant differences were found in the four constructs of Metaverse Literacy
(Learning Domains) scale. For Affective Learning, the Quade’s Test results indicated
that there were no statistically significant differences in residuals between the three
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groups, ¥*(2, N=30)=0.05, p=.977. Similarly, for Behavioral Learning, although
the test statistic suggested some variability between the groups, the p-value was
above the conventional threshold for statistical significance, with ¥*(2, N=30)=4.22,
p=.121. In the case of Cognitive Learning, the Quade’s Test also failed to find signifi-
cant differences between the groups, ¥*(2, N=30)=4.29, p=.117. Finally, for Ethical
Learning, Quade’s Test revealed no significant differences between the groups, (2,
N=30)=0.22, p=.897. Overall, the results of Quade’s Tests across all Metaverse Lit-
eracy (Learning Domains) sub-scales indicated that participants, regardless of the
learning sequence they experienced, did not show significant changes in their pre-
post test scores for Affective Learning, Behavioral Learning, Cognitive Learning, or
Ethical Leadership, after adjusting for Willingness to use and Performance.

5 Discussion

This conceptual paper sets out to define and frame metaverse literacy within an edu-
cational context. According to Statista, the metaverse market is anticipated to grow
at a compound annual growth rate (CAGR) of 37.73% between 2024 and 2030, with
a projected market volume reaching $507.8 billion by 2030 (Metaverse - Worldwide,
2024). Despite this rapid expansion and the metaverse’s potential to impact mul-
tiple life domains (Ng, 2022), including education (Di Natale et al., 2024; Fokides,
2023), a clear definition of metaverse literacy, particularly for educational applica-
tions, remains largely unexplored. By contextualizing metaverse literacy and draw-
ing on frameworks from other forms of technology literacy in education, this study
represents one of the first efforts to conceptualize metaverse literacy for education.

Our work contributes to digital literacy literature by specifically advancing the
discourse on metaverse literacy in education. We propose the framework of meta-
verse literacy for education through four learning domains based on Bloom’s tax-
onomy (Bloom, 1956; Krathwohl et al., 1964; Ng et al., 2024): cognitive, affective,
behavioral, and ethical. Additionally, the proposed framework incorporates learners’
perceptions of the metaverse and their prior expectations, offering a comprehensive
approach to metaverse literacy. The proposed framework not only offers a tool for
assessing students’ readiness to effectively engage with metaverse technologies in
learning but also opens discussions on preparing students, especially those in higher
education, for a future where these rapidly evolving technologies will likely become
integral to professional and everyday life. Through this conceptualization, we aim
to support educators and policymakers in integrating metaverse literacy as a critical
component of digital education, fostering competencies that align with both current
technological trends and anticipated future demands.

Adopting the proposed Metaverse Literacy for Education framework, this paper
also presents a case study that offers insights into how experiential learning across
different digital platforms can enhance metaverse literacy related to learning domains
and students’ adoption perceptions. Since metaverse literacy can sometimes be mis-
taken for extended reality literacy (e.g., Chang et al., 2023), this case study broad-
ens the scope by enhancing metaverse literacy through multiple devices - not only
using VR headsets but also incorporating mobile phones and PCs. Additionally, the
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case study examines how the sequence of platform exposure might influence these
outcomes. The study explored metaverse literacy across cognitive, affective, behav-
ioural, and ethical learning domains. Results from the Linear Mixed-Effects Model,
enhanced with bootstrapping for robustness, indicated significant improvements
across all literacy domains from pre-test to post-test, with Ethical Learning demon-
strating the most substantial gains, followed by Affective and Behavioural Learning.
This pattern suggests that students not only improved in their cognitive understand-
ing but also enhanced their values, emotional responses, and ethical considerations
associated with metaverse usage.

6 Theoretical and practical implications
6.1 Theoretical implications

Aligned with research on other forms of digital literacy, such as Al literacy for
education (Celik, 2023; Ng et al., 2024), our study highlights the critical role of
ethical learning in digital literacy for emerging technologies like the metaverse in
educational settings. Remarkably, the Ethical Learning domain’s prominent increase
reflects growing awareness and sensitivity toward privacy, ethics, and responsibility,
which are critical for meaningful engagement within digital platforms like the meta-
verse. Cognitive Learning improvements, serving as a foundation, further supported
the development of other learning domains, emphasizing the role of comprehensive
platform engagement in metaverse literacy.

The analysis using a linear mixed-effects model also demonstrated a significant
overall improvement in students’ perception of metaverse adoption following the
intervention, specifically in terms of Effort Expectancy. Participants reported higher
post-test scores compared to pre-test scores, indicating a positive shift in their per-
ception of the metaverse’s usefulness and usability. Moreover, the improvement in
Experience Expectation following the Metaverse exposure indicates that participants
perceived their experience with the Metaverse to be better than initially expected.
This positive shift suggests that the Metaverse provided a more enriching and engag-
ing experience than traditional methods, thereby enhancing learners’ willingness
to continue using it in the future (Di Natale et al., 2024). Furthermore, the results
show that the increase in Effort Expectancy was significantly higher than in Experi-
ence Expectation, suggesting that students’ willingness to engage with the metaverse
improved more substantially than their expectations for a seamless experience. This
finding implies that while exposure to metaverse platforms enhances students’ readi-
ness to adopt, it may not entirely align with their experiential expectations.

In terms of platform exposure sequence, this study found no statistically signifi-
cant differences in students’ metaverse perception or literacy across the VR, PC, and
mobile platform orders. While the study highlights the potential of using an experi-
ential learning approach (Kolb, 2014) to enhance metaverse literacy across various
learning domains, it also indicates that the order in which learners are exposed to
different platforms may not significantly impact the outcomes. The lack of significant
differences across metaverse literacy constructs related to learning domains - such as

@ Springer



17148 Education and Information Technologies (2025) 30:17133-17153

Affective, Behavioral, Cognitive, and Ethical Learning - further supports the conclu-
sion that metaverse literacy development may rely more on cross-platform experi-
ence rather than specific sequences. Such findings highlight that exposure to diverse
digital environments promotes metaverse literacy broadly without being constrained
by a particular order, highlighting the flexibility and transferability of metaverse
skills across platforms.

6.2 Practical implications

This study has important implications for learners, teachers, teacher educators, insti-
tutional managers, and policymakers in fostering metaverse literacy within education.
For learners, the findings emphasize the importance of well-rounded literacy that
includes ethical, cognitive, affective, and behavioral dimensions, enabling respon-
sible and informed engagement in metaverse environments. The observed growth
in Ethical Learning suggests a heightened sensitivity to privacy and ethics, essential
for navigating digital spaces thoughtfully. For teachers, the results advocate for a
multi-platform approach, demonstrating that diverse digital experiences can effec-
tively enhance metaverse literacy across learning domains without being limited by
platform order. Addressing students’ initial perceptions and expectations is also cru-
cial, as an open and positive approach to new technologies can significantly improve
their readiness to adopt and benefit from the metaverse.

Moreover, this study offers educators a detailed framework for identifying key
learning outcomes to target when integrating metaverse technologies into instruction.
By delineating the specific dimensions of metaverse literacy, the research informs
teachers about the contexts and subjects where metaverse-based approaches are most
effective. This clarity streamlines instructional design, enabling teachers to allocate
resources more efficiently and align lesson objectives with the technological affor-
dances of the metaverse. Consequently, educators can adopt a more focused and
effective pedagogical strategy that saves time and enhances overall teaching quality.
For teacher educators, our findings indicate that professional development programs
for teachers should include comprehensive training on metaverse technologies—not
only to build technical skills but also to cultivate ethical, cognitive, and socio-emo-
tional competencies. Such training will empower educators to design innovative,
cross-platform learning experiences that promote critical thinking and responsible
digital citizenship.

For institutional managers, our findings suggest that when adopting the Meta-
verse for educational purposes, schools and institutions should consider learners’
anticipated perceptions of technology. This is in line with prior research indicat-
ing that Performance Expectancy plays a significant role as a direct determinant of
user acceptance and the likelihood of adopting and continuing to use technology (Di
Natale et al., 2024). Interventions aimed at improving students’ beliefs about Meta-
verse’s potential to enhance learning outcomes and their willingness to use it can help
maximize the benefits of the technology. Our findings also revealed that learners who
were more willing to use Metaverse tended to have better overall experiences and
more developed literacy. Performance Expectancy, however, specifically impacted
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the literacy dimensions only, as this construct is directly related to learning and per-
ceived performance benefits (Ledesma-Chaves et al., 2024).

For policymakers, the study highlights the importance of strategic investments in
digital infrastructure and teacher training programs that support the integration of
metaverse literacy into educational curricula. Policy initiatives should promote flex-
ibility in instructional design and ensure that schools have access to diverse digital
platforms, thereby preparing students for an increasingly digital future. Altogether,
these insights highlight the value of integrating metaverse literacy into educational
curricula, equipping students for responsible and adaptive participation in digital
ecosystems for learning and teaching.

7 Final remarks, limitations, and directions for future research

In conclusion, this study defines and conceptualizes metaverse literacy specifically
for education, providing a framework that encompasses key learning dimensions
(cognitive, affective, behavioral, and ethical) alongside perceptions and prior expec-
tations of the metaverse to support comprehensive literacy for learning within the
metaverse. This framework addresses the rapid expansion of the metaverse market
and the growing need for educational readiness in integrating this technology for
learning and teaching. This framework is illustrated through a case study aimed at
evaluating and enhancing metaverse literacy among higher education students. Fur-
thermore, through an experiential learning approach and cross-platform engagement,
the case study demonstrates that metaverse literacy can be significantly enhanced
across learning domains.

This study has several limitations. The first limitation concerns the conceptual-
ization of metaverse literacy for education. Although our framework is grounded in
Bloom’s taxonomy and informed by prior research on digital literacies, such as Al
literacy for education, metaverse literacy could be conceptualized and assessed from
alternative perspectives. Another limitation relates to the small sample size in the
case study, which may affect the generalizability of the findings. Nonetheless, the
case study effectively serves its purpose by illustrating the proposed framework for
metaverse literacy in education and demonstrating an approach to enhance metaverse
literacy. Future research could validate and refine our proposed framework across
diverse contexts to strengthen its applicability.

Additionally, further research should investigate the long-term impacts of meta-
verse literacy education on student learning within this environment. Studies might
also explore how metaverse literacy training affects professional readiness, particu-
larly in fields where the metaverse and related technologies are expected to become
integral. These research directions will support a more comprehensive understanding
of metaverse literacy as an essential part of digital education, enhancing academic
and professional preparedness in increasingly digitalized settings.
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Appendix 1

Appendix A Questionnaires

Constructs

Items

Metaverse prior experience

Performance
Expectancy

Willing to learn
with the metaverse

Metaverse is useful in my daily life.

Using metaverse increases my chances of achieving things that are important to
me.

Using metaverse helps me accomplish things more quickly.
Using metaverse increases my productivity.

Using metaverse will be fun.

Using metaverse will be enjoyable.

Using metaverse is going to be very entertaining.

Metaverse perception

Experience
Expectation

I anticipate being highly absorbed in the experience.

I expect to lose track of time to a great extent.

I believe I will feel like I am part of the virtual world.

I think the experience will feel very real or authentic to me.

I anticipate being emotionally involved in the experience.

I expect to forget about my surroundings during the experience.
I predict finding the task or activity to be very challenging.

Metaverse Literacy (Learning Domains)

Effort Expectancy

Affective learning

Behavioural
Learning

Cognitive
Learning

Ethical Learning
(5 items)

Learning how to use metaverse is easy for me.

My interaction with metaverse is clear and understandable

I find metaverse easy to use.

It is easy for me to become skilful at using metaverse.

I am confident I will perform well on metaverse related tasks.

I am confident I will do well on metaverse related projects.

I believe I can master metaverse knowledge and skills.

I believe I can earn good grades in metaverse related assessments.
I will continue to use metaverse in the future.

I will keep myself updated with the latest metaverse technologies.
I plan to spend time exploring new features of metaverse applications in the future.
I know what metaverse is and recall the definitions of metaverse.
I know how to use metaverse applications (e.g., Spatial).

I can compare the differences between metaverse and relevant concepts (e.g.,
Virtual Reality, Mixed Reality).

I can apply metaverse applications to solve problems.

I can create Metaverse-driven solutions (e.g., with Spatial) to solve problems.

I can evaluate metaverse applications and concepts for different situations.

I understand how misuse of metaverse could result in substantial risk to humans.

I think that users are responsible for considering metaverse design and decision
processes.

I think that metaverse systems should benefit everyone, regardless of physical
abilities and gender.

I think that users should be made aware of the purpose of the system, how it works
and what limitations may be expected.

I think that metaverse systems should meet ethical and legal standards.
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