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Abstract

This paper describes design, implementation and initial evaluation of Digital Twin Meta-
verse Classroom for higher education. Digital Twin Metaverse Classroom refers to highly
realistic digital replicas or virtual replicas or prototypes of university classrooms or learning
spaces. This paper focuses on creating high-fidelity digital replica of typical university
lecture room. The main purpose of the Digital Twin Metaverse Classroom is to support
teaching and learning in addition to traditional videoconferencing. The pilot involved
thirty-two undergraduate students. A single-group pre-test/post-test quiz measured
short-term learning, while the Technology Acceptance Model (TAM) measured acceptance
through perceived usefulness, perceived ease of use, attitude toward use, and behavioral
intention. A single session raised the mean quiz score from 6.41 to 9.19, a within-session
gain that reached statistical significance, while all four TAM constructs scored highly.
Because the sample was small and confined to one institution, with neither a control group
nor a follow-up, these findings are best read as early evidence of feasibility, short-term
improvement, and favorable acceptance rather than as proof of comparative effectiveness.

Keywords: digital learning environments; metaverse learning; digital twin; higher educa-
tion; technology acceptance model; pre–post evaluation; immersive learning

1. Introduction
When campuses shut during the COVID-19 pandemic, synchronous platforms such as

Zoom and Microsoft Teams kept teaching going (Saleh et al. 2025). That reliance came with
evident drawbacks. Long stretches of videoconferencing have been linked to a weaker sense
of social presence, fewer chances for embodied interaction, and mounting learner fatigue
(Ratan et al. 2025; Kruachottikul et al. 2025). In the post-pandemic period, higher education
institutions are reconsidering how digital environments might re-create the experience of
occupying a shared space. Metaverse and digital twin technologies are of particular interest
in this respect, as they can represent a classroom in immersive three-dimensional form in
which students participate as avatars, receive spatial audio, and collaborate in real time
(Huang et al. 2023).

This is not to suggest that videoconferencing is ineffective. When supported by
appropriate pedagogy and adequate system quality, Zoom and Microsoft Teams can still
foster positive attitudes and acceptable learning outcomes in higher education. The gap
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addressed here is narrower: such tools give limited support for spatial presence, avatar
embodiment, and place-based interaction. The Digital Twin Metaverse Classroom is
therefore framed as a complement to these platforms, aimed at activities that gain from
spatial and collaborative interaction, rather than as a replacement for the synchronous tools
whose effectiveness recent Zoom- and Microsoft Teams-based studies have documented
(Carmi 2024; Alhusban et al. 2024).

Most descriptions of the metaverse share a few elements: a persistent 3D space that
ties together virtual environments, digital content, networking, and an embodied user
(Yang et al. 2025). A metaverse classroom puts those elements to work. Where a video
call shows faces in a grid, here instructors and students appear as avatars who can move
around, handle learning objects, and interact in real time. Digital twin technology adds
the second half of the idea, a virtual stand-in for a real place that keeps its spatial and
functional features (Kruachottikul et al. 2025). In teaching, a twin of this sort can rebuild a
classroom or laboratory and keep the link between the physical and virtual rooms intact
(Li et al. 2024). The potential of pairing the two has been discussed (Hutson et al. 2023),
but classroom-scale empirical tests in higher education are still uncommon.

In this study, the term “digital twin” is used in a focused educational design sense:
it refers to a high-fidelity spatial and functional virtual representation of an existing physical
classroom. The system does not claim real-time, sensor-driven Internet of Things (IoT)
synchronization with the physical room. Accordingly, the findings should be understood
in relation to a classroom-scale virtual replica designed to support immersive teaching and
learning, rather than as evidence for a fully dynamic, bidirectionally connected digital twin.

Metaverse classrooms and digital twins have each been studied, but rarely together.
Few studies report a high-fidelity replica of a real classroom that is also evaluated, with val-
idated measures, for both short-term learning and technology acceptance. Much metaverse
education research has leaned on perception-based outcomes; structured pre-test/post-test
measurement of student learning in higher education is still relatively scarce (Pradana and
Elisa 2023). The study set out to do two things: build a Digital Twin Metaverse Classroom
that mirrors an actual university classroom in immersive form, and test students’ short-term
quiz performance and their acceptance of it through TAM. Two research questions guided
the work. RQ1 asks whether quiz scores rise after a session in the environment; RQ2 asks
how students rate it for perceived usefulness, perceived ease of use, attitude toward use,
and behavioral intention. The first speaks to immediate learning, the second to acceptance,
within a pilot higher education setting.

Based on these objectives, the pilot study tested the following directional hypotheses:

H1: Students’ post-test quiz scores will be significantly higher than their pre-test quiz scores after
participating in the Digital Twin Metaverse Classroom session.

H2: Perceived usefulness will be positively associated with attitude toward use and behavioral
intention to use the system.

H3: Perceived ease of use will be positively associated with perceived usefulness, attitude toward
use, and behavioral intention.

2. Related Work
Since the pandemic, a growing body of work has looked to digital twins and the

metaverse as ways to make online learning richer. A digital twin, in this context, is a virtual
stand-in for a physical object or place; in education it has been used to build interactive
settings that feel close to real ones (Hutson et al. 2023). Such digital classrooms let students
take part in activities that come near to the look and feel of a physical room (Li et al.
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2024). So far, researchers have mostly studied virtual laboratories, campus models, and
similar spaces. What remains thin is evidence on classroom-scale digital twin metaverse
environments in universities, and especially on studies that measure learning outcomes
and acceptance together (Fisher et al. 2021; Xie et al. 2025).

The metaverse, in essence, is a network of lasting virtual spaces that people enter
through avatars, sharing content on common platforms (Li et al. 2024). Advances in VR,
AR, and networking technologies have made immersive classrooms feasible, enabling
geographically separated learners to study together in real time (Pradana and Elisa 2023).
Within a Digital Twin Metaverse Classroom, a student can move through a life-size room,
manipulate objects, and participate in a group task as an avatar, all of which support a sense
of presence and live interaction (Huang et al. 2023). Set against an ordinary video meeting,
a space like this feels more situated and bodily, the kind of learning that constructivist
and experiential accounts have long favored. While these limitations can be overcome in
the short term, they still pose a considerable problem to the application of virtual reality
systems in classrooms on a large scale. For instance, wearing a headset on the head can
be uncomfortable for users, producing high-quality content for virtual reality can be very
costly, there are limits to the kind of technology that can be used in a classroom, and there
are several technical and practical limitations due to the current state of the infrastructure.

The Technology Acceptance Model (TAM) as proposed by Davis (1989) is a widely
accepted model to explain the user’s acceptance of new technology. Two judgments sit
at its heart, whether a system looks useful (PU) and whether it looks easy to use (PEOU),
and together these feed into a user’s attitude and intention. Researchers have applied it to
e-learning, mobile learning, learning management systems, and many other tools, and PU
and PEOU keep surfacing as key drivers of adoption (Al-Adwan et al. 2023). It has carried
over to immersive settings too, including VR and metaverse platforms (Pradana and Elisa
2023; Al-Adwan et al. 2023). The model therefore offered a natural lens for asking how
students judged the Digital Twin Metaverse Classroom on usefulness, ease of use, attitude,
and intention to use.

A pre-test/post-test design assesses learners’ knowledge before and after an instruc-
tional activity and is commonly used to examine short-term change in learning performance
(Creswell and Creswell 2018). In educational metaverse research, many studies have em-
phasized engagement and learner perceptions, while fewer have combined acceptance
measures with direct pre-test/post-test assessment (Xie et al. 2025). The present study
therefore incorporated a content knowledge quiz before and after the session, while rec-
ognizing that a one-group design can indicate within-session change but cannot, by itself,
establish causal effectiveness.

The present work sits where three strands meet: digital twin technology, the meta-
verse, and technology adoption in education. Each has its own literature on metaverse
learning, digital twin applications, and immersive classrooms, yet few empirical studies
bring them together in a classroom-scale replica judged both on short-term learning and on
validated Technology Acceptance Model (TAM) acceptance in higher education. That com-
bination, pre-test/post-test performance alongside TAM-based acceptance of the Digital
Twin Metaverse Classroom, is what this study examines.

Figure 1 presents the conceptual framework derived from this rationale, organized
into four layers. The lowest, the infrastructure layer, provides the essential platform
functions: concurrent multi-user access, avatar embodiment, real-time communication,
and access from any available device. Above it, the digital twin classroom layer maintains
the 1:1 replica of the university room, preserving its layout and teaching affordances.
The pedagogical interaction layer above that supplies the teaching moves, the group tasks,
and the rules of engagement that pull students into taking part. Crowning the stack is the
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outcomes-and-evaluation layer, which gathers the pre-test, the post-test, and the validated
TAM constructs that gauge short-term learning and acceptance.

Figure 1. Conceptual framework of the Digital Twin Metaverse Classroom.

From that framework, the study rebuilt an everyday university classroom in virtual
form, copying its physical layout and the teaching elements that go with it. The design pulls
together three pieces: metaverse infrastructure, a classroom-scale digital twin, and teaching
features such as screen sharing and in-class activities. On top of these sits an evaluation
layer that tracks short-term learning and acceptance in higher education, and that layer is
what lets the study offer early evidence on whether the environment is workable.

To address this gap, the study followed a structured design-and-evaluation procedure
when constructing the Digital Twin Metaverse Classroom. The system makes no claim
to real-time technical synchronization with the physical room; what it offers is a high-
fidelity virtual classroom built to support spatial presence and pedagogical interaction
in an immersive higher education setting. Every stage, from 1:1 classroom replication
through to metaverse deployment, was tied to an evaluation plan based on pre-test/post-
test assessment and TAM constructs. This is what let the study examine quiz performance
and student acceptance side by side.

3. Design and Development of Digital Twin Metaverse Classroom
One gap drove the design: too many classroom builds get described but never actually

tested. So instead of a generic virtual space, the application copied one real classroom in
detail and held onto the teaching functions that count in higher education. The design
decisions made for this application are in line with the evaluation framework for the short
term, to measure learning as well as acceptance of the application by users.
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To realize such an application for a Metaverse Classroom in higher education, an iter-
ative user-centered design approach is developed and tested. It produces an application
that corresponds to the experiences of lecturers and students as much as possible. In addi-
tion, short-term learning performance and user acceptance of the system can be measured
with the help of the evaluation framework. Instructional features were also incorporated,
including lecture delivery, slide-based presentation, interactive in-class quizzes, and group
discussion, so that the environment could extend the interaction available in conventional
video-based online teaching.

Replication began with photographic documentation. High-resolution photographs
recorded the room’s dimensions and arrangement, including wall geometry, doors and
windows, furniture, and the position of the smartboard. These photographs served as
references for 3D models, which were constructed and scaled 1:1 in Autodesk Maya so
that proportions and distances corresponded to the original room. A last round of material
shaders, surface textures, and lighting finished the look, so the space would read as familiar
the instant a student stepped into the metaverse classroom.

With the environment and its 3D assets finished, everything was brought into the
Unity game engine (Figure 2). Lecturers and students showed up as avatars who could
roam the room, interact as they drew near one another, and speak in groups over text chat
or microphone. Then came the teaching tools. Screen sharing threw slides onto a large
digital smartboard, familiar enough from any online class, except that here it sat inside a
shared 3D room where the lecturer could just as easily launch a quiz, a short activity, or a
discussion. Nearby spaces could be furnished with virtual artifacts and presentation pieces,
posters or PDFs, for demonstrations students could examine up close.

Figure 2. Unity3D (Version: 2021.3.21f1) scene view of the Digital Twin Metaverse Classroom.

Everything ran on Spatial.io, a ready-made metaverse platform offering multiplayer
access, avatar interaction, voice chat, and cross-device support (Li et al. 2024). Leaning
on it freed the project to focus on getting the classroom right and shaping how teaching
unfolds, rather than constructing a platform from nothing. A VR headset would open
the room to fuller immersion, but the evaluation kept deliberately to an ordinary laptop
browser, the easier path for the undergraduates taking part. The participants’ consent
was obtained before the session began. Figure 3 captures the lecturer presenting while
students, as avatars, work in groups, moving, gesturing, and talking over a camera or
microphone. The point of these features was to let students feel present, take an active part,
and collaborate inside the virtual room.
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While the manuscript was being prepared, generative AI tools were used for language
editing to refine grammar and wording. Everything of substance, the ideas, the data
collection, the analysis and its interpretation, and the conclusions, remain the authors’ own,
and they accept full responsibility for what the paper reports.

What follows reports the pilot evaluation, run with undergraduate students. Two in-
struments did the work: a TAM questionnaire spanning perceived usefulness (PU), per-
ceived ease of use (PEOU), attitude toward use (ATT), and behavioral intention to use (BI)
(Davis 1989), and a content knowledge quiz given before and after the session. The aim
was to read both how students performed on the quiz in the short term and how they took
to the platform as a possible place to learn.

Figure 3. Students participating in learning activity.

4. Methodology
4.1. Research Design

The design was a single-group pre-test/post-test paired with a cross-sectional technol-
ogy acceptance survey, and it is reported as a pilot, a feasibility-and-acceptance check rather
than a controlled effectiveness trial. Learning was gauged by setting each participant’s quiz
score just before a session against their score just after it, both delivered inside the Digital
Twin Metaverse Classroom. Acceptance was recorded straight after the session with the
Technology Acceptance Model (TAM). With no control or comparison condition in place,
the design can speak to within-session change and to student acceptance, but it cannot
claim that the immersive environment by itself produced the gains.

4.2. Participants and Recruitment

Thirty-two undergraduates from one higher education institution took part (the site is
called “the study institution” here to keep the review double-blind). They were approached
one by one around campus and joined voluntarily. Students in the Bachelor of Multime-
dia (Honors) Virtual Reality program were left out on purpose, since the lesson was an
introduction to virtual reality and their prior expertise could have skewed the learning mea-
sure. The volunteers formed eight groups of four, which gave eight identical sessions and
32 participants in all. Each gave informed consent before any data were collected. Gender
was split evenly (16 men and 16 women), most participants were 18–24 years old (96.9%),
and the majority reported only beginner-level prior contact with metaverse environments
(see Table 1). Because everyone came from a single institutional setting, the results are
best treated as context-specific pilot evidence that may not transfer to learners in other
disciplines, institutions, or levels of technological readiness.
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Table 1. Demographic characteristics of participants (N = 32).

Characteristic Category n %

Age 18–24 years 31 96.9

Age 25–34 years 1 3.1

Gender Man 16 50.0

Gender Woman 16 50.0

Year of study First year (Beta) 1 3.1

Year of study Second year (Gamma) 13 40.6

Year of study Third year (Delta) 17 53.1

Year of study Fourth year (Epsilon) 1 3.1

Learning mode (current) Fully on-campus 31 96.9

Learning mode (current) Hybrid/blended 1 3.1

Prior metaverse experience (before this study) None 2 6.3

Prior metaverse experience (before this study) Beginner (1–2 times) 30 93.8

Experience with 3D virtual worlds (non-VR) Yes 30 93.8

Experience with 3D virtual worlds (non-VR) No 2 6.3

Frequency of online learning experience Rarely 7 21.9

Frequency of online learning experience Sometimes 24 75.0

Frequency of online learning experience Often 1 3.1
Note: non-VR: non-virtual reality, referring to 3D virtual worlds accessed without using a virtual reality headset.

4.3. Instructional Procedure

All sessions were conducted on the Spatial.io metaverse platform, accessed through a
standard web browser on laptop computers; a virtual reality headset was not required in
order to maximize accessibility for participants. The learning content was an introduction
to virtual reality (VR). On arrival at the laboratory, each group of four students first signed
the consent form, completed a short demographic form, and took the pre-test. A 10 min
orientation followed, during which the facilitator introduced the basic controls of the
environment, including movement, microphone use, and screen sharing. The instructor
then delivered a 20 min lecture introducing VR, after which participants completed the
TAM acceptance questionnaire and the post-test. The intended learning objectives were
for students to be able to: (1) define VR and identify its four core elements (virtual world,
immersion, sensory feedback, and interactivity); (2) differentiate the categories of the
reality–virtuality continuum (physical reality, AR, MR, AV, and VR); (3) explain extended
reality (XR) as an umbrella term covering AR, MR, and VR; (4) identify common VR and
MR devices and real-world VR applications across industries; and (5) outline the stages of
the game design and development pipeline. The same instructor and identical learning
content were used across all eight sessions to keep delivery consistent.

4.4. Instruments

Two instruments were used: a content knowledge quiz to assess short-term learning,
and the TAM questionnaire to assess technology acceptance.

Knowledge quiz. Short-term learning came from a 10-item multiple-choice quiz,
marked out of 10 with one point per correct answer. The team wrote the items to map
directly onto the stated learning objectives and the lecture, spanning the elements of VR, the
reality–virtuality continuum, extended reality, VR devices and applications, and the game
development pipeline; this mapping was meant to underpin the quiz’s content validity.
The identical items ran at pre-test and post-test, the first before the lecture and the second
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straight after. Quite a few participants neared full marks at post-test (M = 9.19 out of
10), so a ceiling effect is worth noting, it may have capped how much further gain the
instrument could pick up. Appendix A (Table A2 and Part 2) gives the full item-to-objective
mapping with each item’s knowledge type (factual, conceptual, or application) and the
quiz questions themselves.

Technology acceptance. A 14-item TAM questionnaire captured acceptance, adapted
from Davis (1989) and from earlier metaverse and e-learning acceptance work (Al-Adwan
et al. 2023; Barz et al. 2024). Its items fell under four constructs, perceived usefulness (PU,
4 items), perceived ease of use (PEOU, 4 items), attitude toward use (ATT, 4 items), and
behavioral intention to use (BI, 2 items), each answered on a five-point Likert scale from
1 (strongly disagree) to 5 (strongly agree). Internal consistency ran from acceptable to
good across the four (Cronbach’s α = 0.750–0.839; see Table 2), and the full wording sits in
Appendix A (Table A1 and Part 1).

Table 2. Reliability of TAM scales (N = 32).

TAM Construct Number of Items Cronbach’s α Interpretation

Perceived usefulness (PU) 4 0.832 Good

Perceived ease of use (PEOU) 4 0.750 Acceptable

Attitude toward use (ATT) 4 0.839 Good

Behavioral intention to use (BI) 2 0.777 Acceptable

4.5. Data Analysis

All analyses were performed in IBM SPSS Statistics (Version: 27). Quiz performance
was analyzed with a paired-samples t-test comparing pre-test and post-test scores; practical
significance was assessed using Cohen’s d, and the instructional gain was summarized
with Hake’s normalized gain (g). For the TAM data, internal consistency was examined
with Cronbach’s α, construct scores were summarized with means and standard deviations,
and associations among constructs were examined with Pearson correlations and their 95%
confidence intervals. Consistent with the pilot design, the correlations are interpreted as
associations among constructs rather than as evidence of prediction or causal influence.

5. Evaluation Results and Discussion
The system was evaluated with 32 students. The sample had an even gender distribu-

tion, with 16 men (50.0%) and 16 women (50.0%). Most participants were aged 18–24 years
(n = 31, 96.9%), with one participant aged 25–34 years (3.1%). More than half of the
participants were third-year students (53.1%), followed by second-year students (40.6%);
one participant was in the first year and one was in the fourth year. At the time of the
study, 31 participants (96.9%) were enrolled in a fully on-campus learning mode and one
participant (3.1%) was in a hybrid/blended mode. The key demographic characteristics are
presented in Table 1.

The sample in Table 1 is a fairly homogeneous one: undergraduates of the usual
age who had brushed up against metaverse or virtual world settings only lightly before.
Beginner-level metaverse use, a session or two, was the norm (93.8%), so most arrived with
little real exposure. About the same proportion (93.8%) had at some point tried non-VR
3D virtual worlds, hinting at a general ease with virtual spaces. Their online learning
habits were steadier—75.0% studied online “sometimes,” 21.9% “rarely,” and 3.1% “often.”
That profile shapes how to read what follows, since the study is really probing how largely
on-campus students who are new to the metaverse respond to the Digital Twin Metaverse
Classroom. To begin, each TAM construct, perceived usefulness (PU), perceived ease of use
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(PEOU), attitude toward use (ATT), and behavioral intention (BI), was tested for internal
consistency with Cronbach’s alpha (α), reported in Table 2.

Table 2 shows that all TAM constructs achieved acceptable to good internal consistency.
Cronbach’s α ranged from 0.750 for PEOU to 0.839 for ATT. Using the commonly accepted
criterion that reliability coefficients of 0.70 or higher indicate acceptable internal consistency
and values above 0.80 indicate good reliability (Nunnally and Bernstein 1994), PEOU and
BI were acceptable (α = 0.750–0.777), while PU and ATT were good (α = 0.832–0.839). These
results indicate that responses to the multiple items within each construct were sufficiently
consistent for use in the pilot analysis. After the reliability assessment, short-term learning
was examined using the 10-item content knowledge quiz administered before and after the
Digital Twin Metaverse Classroom session. Table 3 presents the descriptive statistics for
the pre-test and post-test scores.

Table 3. Descriptive statistics for pre-test and post-test scores (N = 32).

Test Mean (M) Standard Deviation (SD) Minimum Maximum

Pre-test 6.41 1.54 3 10

Post-test 9.19 0.86 7 10

Table 3 shows an increase in quiz performance from pre-test to post-test. The mean pre-
test score was 6.41 out of 10 (SD = 1.54), indicating that participants answered approximately
64% of the items correctly before the session. The mean post-test score increased to 9.19
(SD = 0.86), equivalent to approximately 92% correct responses. The minimum score
increased from 3 at pre-test to 7 at post-test, and several participants reached the maximum
score of 10 at post-test. A paired-samples t-test was used to examine whether the mean
difference between pre-test and post-test scores was statistically significant. As shown
in Table 4, participants scored an average of 2.78 more correct answers at post-test than
at pre-test.

Table 4. Pre- and post-test comparison with effect size and normalized gain (N = 32).

Comparison Mean Difference
(Post–Pre) t (df = 31) p-Value Cohen’s d Normalized

Gain (g)

Post-test vs.
Pre-test

+2.78 correct
answers –8.61 <0.001 *** 1.52 (Large) 0.78 (High)

Note: *** indicates statistical significance at p < 0.001.

The paired-samples test in Table 4 comes out significant, t(31) = −8.61, p < 0.001, and
the effect is large, Cohen’s d of 1.52, comfortably above the usual 0.80 threshold for a large
effect (Cohen 1988). Hake’s normalized gain says much the same in different terms, g = 0.78,
which lands in the high band on Hake’s (1998) scale. Read together, they mark a real within-
session jump in quiz scores. The usual caution applies. With no control condition, that
jump is best taken as something that accompanied the Digital Twin Metaverse Classroom
session, not as evidence the immersive environment produced it on its own. Table 5 then
reports descriptive statistics for the TAM constructs and Table 6 the Pearson correlations.

As Table 5 indicates, all four TAM constructs scored highly on the five-point scale,
with means between 4.34 and 4.48. According to Vagias’s (2006) anchors, values above 4.21
may be interpreted as “very high,” indicating positive student perceptions of the Digital
Twin Metaverse Classroom. The small standard deviations (SD = 0.42–0.47) further suggest
consistency in the responses. Table 6 reports the Pearson correlations among constructs.
PU tied closely to ATT (r = 0.84, p < 0.001, 95% CI [0.69, 0.92]) and to BI (r = 0.72, p < 0.001,
95% CI [0.50, 0.85]), and ATT in turn tied to BI (r = 0.68, p < 0.001, 95% CI [0.43, 0.83]).
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PEOU’s links were looser, with PU (r = 0.48, p < 0.05, 95% CI [0.16, 0.71]), ATT (r = 0.42,
p < 0.05, 95% CI [0.08, 0.67]), and BI (r = 0.34, p > 0.05, 95% CI [−0.01, 0.62]); since the
PEOU–BI interval crosses zero, that particular association was not significant. Overall, the
pattern is consistent with TAM and is strongest among perceived usefulness, attitude, and
intention. These are associations, though, not evidence of prediction or causation.

Table 5. Descriptive statistics and reliability for TAM constructs (N = 32).

TAM Construct Mean (M) SD

Perceived usefulness (PU) 4.40 0.46

Perceived ease of use (PEOU) 4.34 0.42

Attitude toward use (ATT) 4.48 0.42

Behavioral intention (BI) 4.41 0.47

Table 6. Pearson correlation matrix for TAM constructs (N = 32).

Construct PU PEOU ATT BI

PU 1

PEOU 0.48 * 1

ATT 0.84 *** 0.42 * 1

BI 0.72 *** 0.34 0.68 *** 1
Note: * indicates statistical significance at p < 0.05; *** indicates statistical significance at p < 0.001.

Both halves of the quiz tell one story: scores climbed after the session, and the rise was
statistically significant and, in classroom terms, big enough to care about. A Cohen’s d of
1.52 and a normalized gain of 0.78 put real weight behind that short-term improvement.
Acceptance leaned the same way, every TAM construct, PU, PEOU, ATT, and BI, averaging
high. The shape of it echoes TAM, where perceived usefulness moves together with
attitude and intention to use a system (Davis 1989). Kept within a pilot’s limits, then,
the undergraduates judged the classroom useful, easy to handle, and worth using again in
their studies.

Taken at first glance, the early numbers say the Digital Twin Metaverse Classroom
can work in a genuine academic setting. A single session moved scores from pre-test
to post-test, and the high TAM averages show students largely found the system useful,
easy to use, and fit for learning. That lines up with earlier reports of strong engagement
and acceptance in immersive metaverse and VR settings. What this study brings that is its
own is the pairing of a direct short-term learning measure with validated TAM constructs
inside a classroom-scale digital twin.

Placed against the broader work on videoconferencing and immersive learning, the re-
sults back a simple proposition: place-based immersive spaces can work beside syn-
chronous platforms instead of against them. Zoom and Microsoft Teams exist mainly to
carry real-time talk. A Digital Twin Metaverse Classroom layers on spatial presence, avatar
embodiment, and somewhere to actually work together, which may be part of why engage-
ment and acceptance ran high in the pilot. All the same, this is early days. Calling it better
than videoconferencing would take a direct, side-by-side test, and this study ran none.

How far these findings reach depends on how the study was built. With no control
or comparison group, there is no way to tell whether the higher quiz scores came from
the immersive 3D environment, the lesson content, the instructor’s delivery, seeing the
same quiz twice, or some mix of all four. The results should therefore be read with

https://doi.org/10.3390/socsci15060402

https://doi.org/10.3390/socsci15060402


Soc. Sci. 2026, 15, 402 11 of 16

caution, as promising but preliminary evidence of within-session improvement and positive
acceptance rather than as conclusive proof that the environment caused the gains.

The absent control group is hardly the only thing worth weighing here. Several other
factors could each have pushed the scores up: the novelty of the experience, how motivated
the learners were, the instructor’s delivery, any prior familiarity with 3D virtual environ-
ments, and the fact that the same quiz content appeared at both pre-test and post-test.
The pilot controlled for none of these experimentally, so any one of them may have shaped
the observed gains.

Another limitation in this study is the size of the sample. Although 32 undergraduates
are adequate for an initial pilot, all came from a single institution, which ties the findings
to that context and leaves their applicability to other disciplines, institutions, or levels of
technological readiness uncertain. Measurement was also short-term, comprising a pre-test
and an immediate post-test, so the study provides no evidence as to whether the learning
is retained or yields longer-term benefit.

On balance, the study provides early evidence of two outcomes within a single institu-
tion: a short-term improvement in quiz scores and favorable student acceptance. It does not,
however, address long-term retention, scalability, or any advantage over videoconferencing
or face-to-face teaching.

The appropriate next step is therefore research employing controlled comparisons,
larger and more diverse samples, multiple institutions, and longer observation periods.
Work of that kind would say much more about whether learning lasts, how acceptance
holds up, and how widely Digital Twin Metaverse Classrooms matter for higher education.
Even within its narrow pilot scope, though, this study shows the environment to be a
workable supplementary place to learn that students responded to well.

One comparison in particular would help: pitting the Digital Twin Metaverse Class-
room against face-to-face teaching, videoconferencing, and a standard learning manage-
ment system, with the content, length, instructor, and assessment held constant. Only
then can whatever the immersive setting adds be told apart from the pull of the lesson
content itself.

It would also be worth reaching past numbers to qualitative and behavioral evidence,
interviews, open-ended responses, watching the class in session, and platform analytics,
to see how students actually experience presence, interaction, collaboration, and the snags
they hit inside the metaverse classroom.

6. Conclusions
What this study did was design, build, and run a first evaluation of a Digital Twin

Metaverse Classroom for higher education. The system rebuilt a real university classroom
inside an immersive metaverse, with avatar interaction, spatial audio, virtual presentation
tools, and group activities all in place. Across a pilot of 32 undergraduates, one session
raised the mean quiz score from 6.41 to 9.19, a statistically significant short-term gain,
while TAM scores for perceived usefulness, perceived ease of use, attitude toward use, and
behavioral intention all came in high, a sign of solid acceptance. Taken together, the results
lend early empirical support to the feasibility and promise of a classroom-scale digital twin,
even as the single-group design, the small one-institution sample, the immediate post-
test, and the absent comparison group cap how far the conclusions can travel. The most
immediate next step is controlled comparison of the environment with face-to-face teaching,
videoconferencing, standard learning management systems, and other metaverse-based
learning under matched content and assessment. Future analysis of the intervention
could include a larger sample, more institutions, a longer time span, and also the use of
qualitative or behavioral measures of student engagement in order to test for sustainability
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of engagement for long-term retention as well as for scalability, long-term adoption and
generalization to different fields of study. For the present, the study offers a cautious
basis for further investigation of Digital Twin Metaverse Classrooms as supplementary
immersive learning environments in post-COVID-19 higher education.

The conclusions presented in this pilot study have several limitations. The single
group of participants, a pre-test and post-test design, and the lack of a control group to
compare to, only permit registration of changes within a single session and the very positive
experiences of students in an immersive environment as presented in this paper. However
more work is required to address questions of comparative effectiveness and of long-term
learning. This work will be controlled and will be conducted in a number of institutions
over a longer period than the pilot.
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Abbreviations

Abbreviation Explanation
3D Three-Dimensional
AI Artificial Intelligence
AR Augmented Reality
ATT Attitude Toward Use
AV Augmented Virtuality
BI Behavioral Intention to Use
HMD Head-Mounted Display
IoT Internet of Things
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LMS Learning Management System
M Mean
MR Mixed Reality
PEOU Perceived Ease of Use
PU Perceived Usefulness
SD Standard Deviation
TAM Technology Acceptance Model
VR Virtual Reality
XR Extended Reality

Appendix A. Questionnaires and Variables
This appendix presents the two instruments used in the study: the Technology Ac-

ceptance Model (TAM) acceptance questionnaire and the knowledge quiz. Table A1 sum-
marizes the TAM constructs and their items, Table A2 maps each quiz item to its learning
objective and knowledge type, and the full item wording is listed afterwards.

Table A1. Technology Acceptance Model (TAM) constructs, items, and source.

Construct Items Source

Perceived usefulness (PU) PU1–PU4 Davis (1989); Al-Adwan et al. (2023)

Perceived ease of use (PEOU) PEOU1–PEOU4 Davis (1989); Al-Adwan et al. (2023)

Attitude toward use (ATT) ATT1–ATT4 Davis (1989); Barz et al. (2024)

Behavioral intention to use (BI) BI1–BI2 Davis (1989); Barz et al. (2024)

Table A2. Knowledge quiz items mapped to learning objectives and knowledge type.

Item Aligned Learning Objective Knowledge Type

Q1 LO1—define VR and its four core elements Factual

Q2 LO1—define VR and its four core elements Conceptual

Q3 LO4—identify VR/MR devices and applications Factual

Q4 LO2—differentiate the reality–virtuality continuum Application

Q5 LO2—differentiate the reality–virtuality continuum Conceptual

Q6 LO3—explain XR as an umbrella term Conceptual

Q7 LO1—define VR and its four core elements Conceptual

Q8 LO5—outline the game development pipeline Factual

Q9 LO5—outline the game development pipeline Conceptual

Q10 LO5—outline the game development pipeline Conceptual

Questionnaire
Part 1. Technology Acceptance Model (TAM) acceptance questionnaire
(rated on a five-point Likert scale: 1 = strongly disagree to 5 = strongly agree).
Demographics

1. Age (under 18/18–24/25–34/35–44/45 and above).
2. Gender (woman/man/prefer not to say).
3. Year of study (first/second/third/fourth year).
4. Current learning mode (fully on-campus/fully online/hybrid–blended).
5. Prior experience with the metaverse (none/beginner, 1–2 times/some, 3–10 times/

frequent, >10 times).
6. Frequency of online learning experience (rarely/sometimes/often/very often).
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7. Prior experience with 3D virtual worlds, non-VR (yes/no).

Perceived Usefulness (PU)

1. PU1. Using the Digital Twin Metaverse Classroom improves my performance.
2. PU2. Using the Digital Twin Metaverse Classroom in my studies increases

my productivity.
3. PU3. Using the Digital Twin Metaverse Classroom enhances my effectiveness.
4. PU4. I find the Digital Twin Metaverse Classroom useful.

Perceived Ease of Use (PEOU)

5. PEOU1. My interaction with the Digital Twin Metaverse Classroom is clear
and understandable.

6. PEOU2. Interacting with the Digital Twin Metaverse Classroom does not require a lot
of mental effort.

7. PEOU3. I find the Digital Twin Metaverse Classroom easy to use.
8. PEOU4. I find it easy to get the Digital Twin Metaverse Classroom to do what I want

it to do.

Attitude Toward Use (ATT)

9. ATT1. I feel that using the Digital Twin Metaverse Classroom is a smart idea.
10. ATT2. I feel that using the Digital Twin Metaverse Classroom is beneficial.
11. ATT3. I like using the Digital Twin Metaverse Classroom.
12. ATT4. I feel that using the Digital Twin Metaverse Classroom is important for me.

Behavioral Intention to Use (BI)

13. BI1. I intend to use the Digital Twin Metaverse Classroom.
14. BI2. I predict that I would use the Digital Twin Metaverse Classroom.

Part 2. Knowledge quiz
(10 multiple-choice items; identical items used at pre-test and post-test).

1. Which of the following is NOT an element of virtual reality (VR)?

a. Virtual world.
b. Immersion.
c. Sensory feedback.
d. Cloud computing.

2. What is the main purpose of a “virtual world” in VR?

a. To display digital advertisements.
b. To create a computer-generated environment that sustains the illusion

of presence.
c. To simulate physical sensations through haptics.
d. To enable real-time data processing.

3. Which device is commonly used for mixed reality (MR)?

a. Smartphones.
b. Meta Quest 2.
c. HTC Vive.
d. Microsoft HoloLens.

4. Pokémon GO is an example of which technology?

a. Virtual reality (VR).
b. Augmented reality (AR).
c. Mixed reality (MR).
d. Augmented virtuality (AV).
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5. In the mixed reality continuum, which option represents the most digital/
virtual presence?

a. Physical reality.
b. Augmented reality (AR).
c. Mixed reality (MR).
d. Virtual reality (VR).

6. Which of the following best describes extended reality (XR)?

a. A headset-only version of VR.
b. An umbrella term covering AR, MR, and VR.
c. A simulation limited to gaming.
d. A subset of mixed reality.

7. Which element ensures that VR users feel their actions have consequences in the
virtual world?

a. Immersion.
b. Sensory feedback.
c. Interactivity.
d. Virtual world.

8. In the game development pipeline, what happens during pre-production?

a. Coding core systems.
b. Gathering feedback from players.
c. Concept development and storyboarding.
d. Sound design.

9. Which stage of the game development pipeline focuses on creating 3D models, tex-
tures, and animations?

a. Level design.
b. UI/UX and asset creation.
c. Programming and technical implementation.
d. Prototyping and marketing.

10. What is the main goal of post-production in the game development pipeline?

a. Research and storyboarding.
b. Build layout for gameplay.
c. Gather feedback, refine visuals, and improve user flow.
d. Design flowcharts and concept boards.

Correct answers: 1 (d), 2 (b), 3 (d), 4 (b), 5 (d), 6 (b), 7 (c), 8 (c), 9 (b), 10 (c).
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