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Abstract

Traditional lecture-based education exhibits well-documented limitations,
including relatively short knowledge retention times, low student engagement,
and limited personalisation. This study presents a supplementary approach that
enhances knowledge retention through engaging and immersive experiences.
Piloted in the Department of Food Science and Nutrition, a metaverse platform
integrating Al-driven virtual agents was developed to enhance students’ under-
standing and motivation. Through surveys and focus group interviews with two
cohorts of Year-3 students (N = 92) and analysis of 171 Al avatar responsesin a
representative food production scene, we find that students value the platform’s
interactivity, hands-on engagement, and novelty, reporting improved compre-
hension and enthusiasm over traditional methods. Thematic analysis highlights
the Al avatars’ supportive and explanatory communication style, which con-
trasts with students' short and fragmented inputs. Results also indicate students
preference for different immersion levels and provide valuable insights for the
development of more engaging, personalised, and effective learning environ-
ments in higher education.
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1. Introduction

In the learning of science and engineering-related subjects, several chal-
lenges exist that need to be addressed. First, most subjects are lecture-based and
exam-oriented, resulting in low knowledge retention after exams (Maceiras et
al., 2025). Second, students crave more interactive and individualised approach-
es to learning (Walkington, 2013). Third, traditional learning materials may not
sufficiently explain key concepts in vivid and interesting ways. For example, in
the food technology domain, it is difficult for students to understand industrial
food processing practices using only flowcharts, pictures, or videos. An im-
mersive learning experience would be much more helpful for their knowledge
construction process when the students behave as food engineers in food manu-
facturing factories (Gorman et al., 2022).
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To address these challenges and help students achieve a higher level of
learning beyond simple “remembering and understanding”, this project aims
to create a unique, engaging, interactive, and immersive metaverse learning
environment through a VR-based metaverse empowered by Al. The metaverse
design is grounded in the theoretical foundations of: (1) gaming elements in
immersive learning to encourage problem-solving (Mochizuki et al., 2021);
(2) narratives in stories to promote sustained attention and deeper cognitive
engagement (Dahlstrom, 2014); and (3) Al-powered virtual agents to simulate
complex human interactions and provide timely and customised feedback (Zhou
et al., 2020).

This study investigates three key research questions:

1. Can immersive technologies like the metaverse significantly enhance
students’ learning engagement compared with traditional educational
methods?

2. How do students interact with Al in an immersive environment?

3. How do students' acceptance levels differ between VR and desktop/mo-
bile devices for the exploration of a metaverse environment, given their
different levels of immersion?

Through exploring these questions with empirical evidence, we can gain a
deeper understanding of students’ perceptions in immersive, Al-powered learn-
ing environments and optimise platform design to enhance students' learning
experience. The findings from this study could provide insights for the develop-
ment of more engaging, personalised, and effective educational platforms for a
wide range of science and engineering disciplines.

2. Methodology
2.1 Participants

Participants (N = 92) in this study comprised two cohorts (23/24 and
24/25) of Year-3 students in the Department of Food Science and Nutrition tak-
ing the subject Food Engineering and Processing |1. The gender distribution
was balanced overall (48 Female / 44 Male), with an age range of 18-25 years.

2.2 Platform Design

This study has developed two metaverse scenes (a corn starch manufac-
turing plant and a beer brewery plant), each featuring different food production
processes with over 100 smart non-player characters (NPCs). Students inter-
acted with NPCs in the metaverse platform by tapping interactable icons on
desktop computers or VR controllers (Figure 1a—d), which triggered dialogues
and allowed for decision-making. The NPCs' responses and guidance were dy-
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namically tailored to the students’ choices and actions, leading them through a
sequence of approximately 30 tasks within each scene, enabling a personalised
learning experience. A representative scene design is shown in Figure 1e-f.

Meanwhile, Al-powered avatars were integrated into the metaverse scenes,
allowing students to interact with the avatars using text or voice and receive
answers to any inquiries during their exploration (Figure 1h—). The design of
these GPT avatars utilises proprietary prompt templates to ensure that avatars
delivered content relevant to the learning objectives. Instructors could easily
modify the questions or define the Al avatars through the authoring tool in the
platform (Figure 1g).

2.3 Implementation

During the implementation, students experienced both scenes: one with
VR headsets (Meta Quest 3) and the other with less immersive desktop com-
puters, for around 40 minutes respectively. After experiencing two metaverse
scenes in two different modes, students were invited to complete a semi-struc-
tured survey designed to evaluate their user experience and acceptance of the
metaverse platform. The survey incorporated both 5-point Likert scale ques-
tions and open-ended questions based on the modified Technology Acceptance
Model (TAM) for immersive design (Fussell & Truong, 2022). A focus group
interview was also conducted with 20 randomly selected participants.

2.4 DataAnalysis

Descriptive analysis and T-tests were employed to identify distribution dif-
ferences in the constructs of TAM and preference in different immersion levels
(VR and desktop computers). Meanwhile, thematic analysis informed by word
frequency counts was used to analyse students' feedback in focus group inter-
views and identify key concepts and patternsin the Al avatar’s replies.

3. Resultsand Discussion
3.1 Qualitative Feedback on the Platform’s Strengths and Weaknesses

The qualitative results came from both the open-ended qualitative respons-
es in the survey and subsequent focus group interviews through thematic anal-
ysis. The representative positive feedback could be divided into the following
three categories:

(1) Interactivity and hands-on engagement: Students appreciated the
active, task-based nature of the immersive learning environment. They enjoyed
opportunities to physically interact with content rather than passively absorbing
information. Representative comments include:
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e “Fun and more interactive.”
o “| like interactive tasks, like grabs and selection, better than MCQ and
text. | think it can have more interactive tasks and animations.”

(2) Enhanced learning and comprehension: The participants noted that
the immersive learning experience enhanced their understanding of information
compared to traditional methods. The ability to visualise and handle simulated
equipment was highlighted as a key benefit. Representative comments include:

* “Memorising the information was easier because you see the actual

equipment.”

e “| like the grabs and while | was doing it | felt | was really there. It's

better than reading the text and it helps me to learn the process.”

* “VR simulation... helped me to see the whole process that | can’'t seein

rea life and it enhances my learning.”

(3) Novelty and engagement in the learning experience: Many student
participants expressed enthusiasm for the fresh, innovative approach of the
Al-empowered metaverse platform. Representative comments include:

e “l think it'sreally fresh and | prefer VR to the traditional way.”

» “Walking in a factory doing this thing and that thing... it's interesting

and better than reading the text.”

Meanwhile, we also received students feedback indicating challenges for
further improvement. The weaknesses mainly involve dizziness issues and tech-
nical difficulties when using VR headsets, as well as relatively slow response
times and fast speaking speeds of Al avatars.

3.2 Gen-Al Usagein the Metaverse Platform

We analysed 171 replies generated by the Gen-Al avatar in the scene of
the beer brewery plant after cleaning (lowercasing, removing punctuation,
URLSs, and stop words). It was discovered that on the avatar side, al 171 replies
were analyzable and were substantially longer (median 12 content words, M =
12.85). The vocabulary was strongly dominated by explanatory brewing lan-
guage (fermentation, process, purpose, mashing, primary, secondary, convert,
sugar, enzyme, alcohol), reflected enthusiastic introductions (“Great! Let’s dive
into...”), and supportive context management (“1 understand you’re stepping

away..."”).

Through comparing the input from students and replies from Gen-Al, re-
sults show that students bring short, sometimes fragmented or emotional input
(“What is the difference between ...”, “Uh primary fermentation is ..., right”,
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“Pretty good”), whereas the Gen-Al avatar responds with longer, more uniform-
ly structured, and generally positive explanations. The replies not only mirror
the brewing content but also add layers of encouragement, clarification, and re-
pair, especially when students appear confused or frustrated.

3.3 Comparison Between Different Immersion M odes

The evaluation survey was developed on the basis of the modified Tech-
nology Acceptance Model (TAM) (Fussell & Truong, 2022) to identify stu-
dents' preference on different immersion levels (VR and desktop computers).
Key aspects include the functionality of interactive elements and user interface
(TECH), attitudes towards learning in the metaverse (ATT), ease of use (EASE),
enjoyment (ENJ), perceived productivity (PERF), perceived usefulness (USE),
intent to use (INT), and usage behaviour (BEH).

As shown in Table 1, notable device-based differences could be observed.
Desktop users reported significantly higher ratings across multiple constructs,
including behavioural intention (BEH) (4.023 vs. 3.375) and perceived useful-
ness (USE) (4.227 vs. 3.438), highlighting a preference for desktop interactions.
Additionally, ease of use (EASE) was rated higher for desktop users (4.182)
compared to VR headset users (3.500), indicating that desktop-based inter-
actions were perceived as more intuitive and accessible. T-test results further
exhibit the significant differences, with desktop users reporting higher usage
behaviour (BEH) (p = 0.027), enjoyment (ENJ) (p = 0.014), ease of use (EASE)
(p =0.014), and perceived usefulness (USE) (p = 0.008) than VR headset users.
The comparison suggests that students using desktop computers experience
greater independence and enjoyment on the metaverse platform, feel more con-
fident in using it, and perceive it as more useful compared to those using VR
headsets.

4. Implications

The application of an interactive metaverse with Al-empowered avatars
offers a promising enhancement to traditional lecture-based teaching, providing
students with an engaging and enjoyable learning experience that reinforces
their knowledge. Positive student feedback, along with the increase in eSFQ
scores from 4.3 in 2022/23 to 4.6 in 2023/24 and 4.7 in 2024/25, suggests that
this approach can be further leveraged to maximise its benefits, particularly in
supporting knowledge construction through ongoing reinforcement.

Here are some recommendations based on the findings from this study:
* While the current design incorporates multiple knowledge delivery
methods (MCQs, videos, drag-and-drop interactions), students ex-
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pressed a preference for interactive tasks. Therefore, future metaverse
design should prioritise user-friendly interactive elements to enhance
learning effectiveness (Ali, 2025).

o Statistical analysis revealed that desktop users reported significantly
higher behavioural intention, enjoyment, and ease of use compared with
VR users. Although students acknowledged VR’s novelty, discomfort
and dizziness remained concerns (Rebenitsch & Owen, 2016). A desk-
top or mobile version of the metaverse could offer greater accessihility,
reduce motion sickness, allow flipped learning before class, and self-tu-
toring after class.

« In addition, Al avatars increase the interactivity of the metaverse plat-
form. Due to students' varied requirements for Al avatars, efforts could
be made to further customise the styles of Al avatars based on students’
individual needs, creating a more personalised learning experience (Kim
& Baylor, 2016).
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Table 1: Descriptive ratings and T-test result of VR and desktop/mobile modes of
metaverse learning environments

Constructs Desktop/mobile devices VR headsets 0
Mean SD Mean SD
BEH 4,023 0.794 3.375 1.182 0.027
ENJ 4.136 1.049 3.438 1.116 0.014
ATT 4.250 0.856 3.604 1.170 0.030
INT 4.136 0.743 3.417 1.204 0.019
EASE 4.182 0.839 3.500 1.063 0.014
USE 4.227 0.736 3.438 1.126 0.008
TECH 3.886 0.912 3.563 1.097 0.177
PERF 4114 0.925 3.438 1.155 0.019

Note: N = 92. Participants were on average 21 years old with 52% female participants.

Abbreviations. BEH: usage behaviour; ENJ: enjoyment; ATT: attitudes towards learn-
ing in the metaverse; INT: intent to use; EASE: ease of use; USE: perceived usefulness,
TECH: interactive elements and user interface; PERF: perceived productivity.

Figure 1: Al-powered metaverse environment.

(a)—(d) Implementation of metaverse platform for immersive learning.

(e)—(f) Part of the immersive learning environment design for food science education.
(g) Authoring tool interface allowing the modification of questions by instructors.
(h)—(i) Al-powered avatars in the metaverse scene for personalised learning.
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