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Abstract

In the current era of educational digitalization, Learning Management Systems (LMS)
serve as the critical backbone of online learning for content delivery, administration, and
communication. This study addresses key limitations in delivering hands-on training for
online Technical and Vocational Education and Training (TVET), using Malaysian auto-
motive programs as a case. It develops and provides an initial validation for a sustainable
Virtual Reality-LMS (VR-LMS) framework to explore its potential to enhance immersive
learning, engagement, and skill assessment. This study firstly triangulated literature,
stakeholder interviews, and national data to define the problem and quantitatively eval-
uated a VR intervention with 100 automotive engineering students using an extended
Unified Theory of Acceptance and Use of Technology (UTAUT) model; further designed
a validated multimodal VR-LMS conceptual model; and finally developed a sustainable
implementation strategy. Results show high training performance (M = 92.55) and exam-
ination achievement (M = 89.78). Structural Equation Modeling indicated that Perfor-
mance Expectancy (3 = 0.78), Hedonic Motivation (3 = 0.25), and Effort Expectancy ( =
0.45) are significant predictors, with the model explaining 66.3% of the variance in learn-
ing outcomes (R? = 0.663). The findings provide integrated empirical evidence that em-
bedding multimodal VR into an LMS can contribute to creating a more sustainable and
effective educational model by fostering engagement, practical competence, and instruc-
tional effectiveness, which offers a promising sustainable solution framework for TVET
institutions, educators, and policymakers, aligning with Malaysia’s digital transformation
and workforce development agendas.

Keywords: sustainable education; digital transformation; virtual reality (vr); learning
management system (LMS); TVET; automotive engineering; UTAUT; immersive learning;
mixed-methods

1. Introduction

The global shift to the digital economy and the resulting need for a fresh approach to
post-secondary education have created a significant paradigm change in higher education
institutions, forcing them to innovate and pursue approaches that transcend typical teach-
ing methodologies [1]. It is within this context that the concept of sustainable education
has come into play, not just as related to sustainability and the environment, but as a
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means of formulating approaches for designing and supporting learning that is robust,
fair, and functional [2,3]. The performance of a sustainable form of education can be meas-
ured if it fulfills the demands of the current generation without compromising the poten-
tial of future generations to satisfy their own demands, implying a system of adaptability
and a scalable component that always ensures top-quality production [4]. However, the
fast-paced, often event-driven establishment and utilization of the digital classroom, im-
pelled by events across the entire global platform, have created significant sustainability
issues and challenges [5]. The Traditional Learning Management System, although suc-
cessful in its dissemination of content, is clearly ineffective in courses requiring hands-on
and experiential learning, hence implying the creation of an unsustainable divide between
theoretical conceptual notions and their appropriateness and applicability [6].

Indeed, this problem is even more apparent within the framework of Technical and
Vocational Education and Training (TVET), which represents an integral part of Malay-
sia’s overall development plans. The Malaysian government has been placing considera-
ble emphasis on TVET to enable the development of a competent human resource base
that will carry the country’s high-income economy forward. This is evident within the
implementation of initiatives like the National TVET Policy 2030 and the result of these
efforts to produce more employable graduates at a rate above 95% [7]. At the same time,
other policies active within Malaysia’s digital framework have been encouraging the in-
volvement of Information and Communication Technology to promote more student-cen-
tric and interactive learning settings [8,9]. Although these dual approaches make up a
considerable aspect of current initiatives in Malaysia’s education sector, one crucial deficit
still exists within this environment. The migration of TVET courses to online environ-
ments has often resulted in teaching practices that involve content only and lack the im-
plementation of hands-on experiences [10], which are essentially not available within cur-
rent workshop or lab settings. Such teaching practices then lead to issues of student dis-
affection, poor skill development, and high dropout rates within the educational model’s
sustainability framework [11].

In automotive engineering education, for instance, mastering complex mechanical
systems requires psychomotor skills and spatial understanding that cannot be effectively
conveyed through static text, slides, or 2D videos. The inability of conventional LMS to
bridge this theory—practice gap represents a core threat to the sustainability of TVET out-
comes. Students may graduate with theoretical knowledge but lack the practical compe-
tence demanded by industry, undermining the very purpose of vocational training [12].
This research is predicated on the problem that existing LMS-driven online learning
frameworks are pedagogically and structurally unsustainable for delivering the hands-on
training central to TVET.

Through this investigation, the authors explore the integration and use of Virtual Re-
ality as a transformative tool to create and develop a sustainable educational ecosystem.
VR holds the promise to create real-like, interactive, and safe simulation environments
where the student learns through doing, thus filling the gap between theory and practice
[13]. By incorporating the use of Multimodal Virtual Reality Modules within the present
Learning Management System Infrastructure, the authors hypothesize the development
of the synergy between the two, thus increasing student engagement, facilitating the as-
sessment of skills, and developing a cost-effective solution for training. The authors have
proposed the development and validation of the Virtual Reality Learning Management
Framework, specifically for TVET Automotive Engineering education offered to Malaysi-
ans. The authors plan to approach the research through four stages: diagnosis of the gaps
present in non-immersive learning, the measure and adoption level of the intervention
efficacy, conceptual development, and the development of the strategic plan. The findings
and results thus have the potential to provide sustainable educational practices, not only
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through the pathway towards digital transformation to continue the consistency and qual-
ity of delivery in education, but also to transform the delivery for the better.

2. Literature Review
2.1. The Imperative for Sustainable Education in the Digital Age

The concept of sustainability in education could be viewed as having expanded its
conceptual foundation, which was initially anchored in the environmentally focused def-
inition, to include the development of learning systems that are resilient, equitable, and
effective [14]. An effective and sustainable form of education, therefore, is one that is nim-
ble within the context of emerging technology and societal dynamics, scalable across var-
ious types of learners, and able to produce relevant and quality outcomes on a continuing
and sustained basis. Within the modern technology context, sustainability means going
beyond the transformation of existing content into digital form and implies, instead, the
integration and utilization of technology that can significantly transform the current mo-
dalities of teaching and learning. The exigencies of the change due to technology have,
instead, laid bare the ineffectiveness of existing models of education, specifically those
that do not engage learners and those involving authentic and related practice. Technical
and Vocational Education and Training, where the combination and integration of theory
and practice are involved, is particularly susceptible to these dynamics and challenges.
The sustainability of e-TVET, based on literature, is seen to be directly related to its success
in closing the gap between theory and practice, a challenge that existing LMS platforms
have failed to meet [6,15]. This research, instead, distinguishes and advances its proposal
on the profound integration of VR.

2.2. The Theory—Practice Gap in TVET and the Limitations of Conventional LMS

The purpose of TVET is to provide the learner with theoretical knowledge, as well as
practical skills to be employed on the job. Nonetheless, the existing mismatch between
theoretical learning and practical skills is very much prevalent in various courses, where
concepts learned in the class remain intangible, with no relevance to practical implemen-
tation [12]. This mismatch is further compounded by the presence of the conventional
learning platform, known as the Learning Management System (LMS), within online
learning. Conventional LMSs, for instance, Moodle or Blackboard, are adequate for con-
tent management, including the required tasks, such as assigning readings, playing vid-
eos, and tracking grades, but lack the capacity for intensive practical training [2,16]. None-
theless, the structure remains very much content-focused, leading to passive, one-way
flow, which is inefficient for developing psychomotor skills.

Indeed, in the context of a field such as automotive engineering, this challenge is es-
pecially significant. A student can learn about the combustion cycles in an engine or watch
a video demonstrating how to change gasket kits, and this will not replace the procedural
knowledge gathered by the performance of those activities. The lack of resources in the
standard LMS that allow for simulation and performance assessment means the assess-
ment only takes place at the cognitive level (e.g., in the form of multiple choice). This does
not account for competency level, and the end result is that the student can be seen to be
having a dull and isolating experience, with high dropout rates, which clearly is not what
can be described as a sustainable model for education [10,11,17].

2.3. Virtual Reality as a Catalyst for Immersive and Experiential Learning

Virtual Reality is thus considered a significant technological catalyst that is capable
of addressing the major challenges associated with the conventional online learning
model. For instance, the ability to provide immersive, three-dimensional environments
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promotes active learning, unlike the conventional model that is associated with passive
learning [18]. This approach is appropriate for the Constructivism learning model, which
claims that the individual constructs his or her own understanding of the environment
through active engagement, and appropriate for the Experiential Learning Cycle, which
argues that learning is cyclical, with stages that include experience, reflection, conceptu-
alization, and experimentation [2,19].

In the TVET environment, the use of VR makes it possible to recreate scenarios that
are complex, expensive, or dangerous in a controlled environment. For example, Hernan-
dez-Chavez described how the use of a virtual automotive lab allowed students to disas-
semble and reassemble a virtual engine in a completely interactive way, resulting in a
better understanding of the engine mechanics compared with other methods [13]. Projects
such as these clearly illustrate the use of VR in being able to enable “virtual hands-on”
experiences, thereby closing the gap between theoretical knowledge and practical
knowledge [20]. Additionally, the interactive nature of virtual experiences has been cited
as having a profoundly motivating effect on students, effectively offsetting the passivity
typically associated with passive e-learning experiences [21].

2.4. Technology Acceptance: The UTAUT Framework in Immersive Learning

The successful adoption and incorporation of any new technological advancement
within an education environment also relies not only on the technology’s possible benefits
but, most importantly, on user acceptance and adoption. The Unified Theory of Ac-
ceptance and Use of Technology (UTAUT), described in the study by Venkatesh [22], has
been proven to provide a comprehensive framework within which the main determinants
of technology adoption can be explained. Unified Theory of Acceptance and Use of Tech-
nology, UTAUT, begins with the construct that behavioral intention and actual system
use are influenced by four principal constructs: “Performance Expectancy, Effort Expec-
tancy, Social Influence, and Facilitating Conditions.”.

Under the umbrella of immersive learning, this research proposes the addition of
Hedonic Motivation to the UTAUT model, which defines the hedonic or pleasure compo-
nent of technology use, an aspect highly relevant in the context of an immersed VR expe-
rience [23]. Results in the educational technology literature clearly show that the most
effective learning technology will fail if perceived as difficult to use and/or incongruous
to learning goals [24]. As such, assessment of the VR-LMS framework from the perspec-
tive of the UTAUT is clearly crucial to developing an effective and easily accepted system
by the teacher and the pupil [25]. Results obtained in Phase 2 of this research are critical
to their informing effective system design to maximize usability and perceived utility,
which are clearly fundamental to the integration of technology.

3. Methodology

This study employed a pragmatic, four-phase mixed-methods research design to de-
velop and validate a sustainable framework for integrating multimodal VR into an LMS
for TVET education. The pragmatic paradigm was chosen for its focus on practical prob-
lem-solving and its flexibility in combining qualitative and quantitative techniques to gen-
erate actionable insights [26]. The research progressed sequentially through four distinct
but interconnected phases, where the findings of each phase informed the subsequent one,
creating a rigorous and iterative development cycle. The overall methodological frame-
work is depicted in Figure 1.
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Phase 1: NEEDS PROBLEM IDENTIFICATION

Tasks: Literature Review, Stakeholder Interviews (Lecturers, Students,
Admins), Analysis of existing official & Govn reports.

Output: Identified challenges, user needs, and initial design

requirements for the VR model.

Phase 2: VR ACCEPTANCE EVALUATION
(UTAUT/QUANTITATIVE STUDY)

Tasks: VR interaction analytics, Usability testing, Post surveys

(Immersion, Engagement, UTAUT questionnaire),
Output: Validated metrics on system effectiveness, user acceptance, and
pedagogical impact. Identification of barriers and drivers for

adoptiondesign requirements for the VR model.

Phase 3: DESIGN AND DEVELOPMENT OF THE
MULTIMODAL VR-LMS MODEL

Tasks: Conceptual model design, VR-LMS integration, Development of
six submodules, Curriculum resource construction, Prototype

development.

Output: A functional, theory-informed VR-LMS prototype and a

validated evaluation framework.

Phase 4: IMPLEMENTATION, EVALUATION,
AND SCALABILITY STRATEGY

Tasks: Development of implementation roadmap, Formulation of policy
recommendations, Creation of a continuous improvement model,

Dissemination of findings.
Output: A strategic framework for institutional adoption, policy briefs,
and a sustainable model for long-term iteration and scaling. Design

requirements for the VR model.

Figure 1. The Four-Phase Iterative Research Methodology Framework.
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3.1. Phase 1: Problem Identification Through Triangulation

The overarching goal of Phase 1 is to conduct an in-depth, multi-perspective diagno-
sis of the challenges and shortcomings embedded in non-immersive online learning, fo-
cusing exclusively on the Malaysian TVET industry. A qualitative research approach cen-
tered around methodological triangulation [27] is used in this study to ensure the attain-
ment of a thorough and comprehensive understanding of the phenomenon of interest.
Triangulation is proven to be an excellent approach in intensifying the validity of results
in research by cross-verifying results from multiple and divergent sources [28-30].

This study employs triangulation across three independent data sources to ensure
the comprehensiveness and reliability of the analysis. Firstly, a systematic and extensive
review of academic literature, government policy documents, and industry publications
was conducted. The search strategy involved using databases such as Scopus, Web of Sci-
ence, and Google Scholar with keywords including “TVET Malaysia”, “online learning
challenges”, “LMS limitations”, “vocational education”, “VR in education”, and “student
engagement”. This review served to establish a robust baseline understanding of the
known issues in online TVET, the limitations of conventional LMS, and the potential of
immersive technologies, both globally and within the specific Malaysian context. It pro-
vided the theoretical foundation for the investigation.

Secondly, to gather rich, contextual, and direct “local perspectives” (internal view-
points), the research team conducted structured interviews with 10 key stakeholders
deeply involved in Malaysia’s Technical and Vocational Education and Training (TVET)
ecosystem. This sample employed purposive sampling to comprehensively capture a 360-
degree perspective on the issues. The sample included three educational administrators
from two distinct vocational colleges, E-access and KVL, who provided critical insights
on institutional strategy, resource allocation challenges, and quality assurance issues. Ad-
ditionally, a technical expert from the edtech company TureXR was interviewed, offering
professional perspectives on the technical capabilities and limitations of current non-im-
mersive platforms, as well as the feasibility of potential solutions. Additionally, six engi-
neering instructors from two vocational colleges (E-access, KVL) and one university
(UKM) shared pedagogical and practical challenges encountered while teaching technical
practice courses online. Interviews employed open-ended questions, focusing on re-
spondents’ direct experiences with non-immersive online courses, observed student en-
gagement and comprehension issues, difficulties in assessing practical skills, and per-
ceived gaps in technical and managerial capabilities.

Lastly, this study involves systematically collecting and analyzing macro-level data
to place qualitative findings within a broader quantitative context. This includes review-
ing Malaysian policy documents (e.g., the Ministry of Higher Education (MOHE), the Of-
ficial Reports of the Department of Statistics Malaysia (DOSM), the 11th and 12th Malaysia
Plans, the National Vocational Education and Education Policy 2030), national education
statistics, and reports from UNESCO and the International Telecommunication Union
(ITU) on digital access, participation, and learning outcomes [31-34]. These reports pro-
vide quantitative and contextual evidence on macro-level trends such as digital infrastruc-
ture limitations, student participation, dropout rates, graduate skills gaps, and skills dis-
parities, corroborating findings from literature and interviews.

Data gathered from these three sources was integrated using thematic analysis to
derive converging themes. The essence of the thematic analysis lies within the process of
convergence, whereby the outcome drawn from one source had to be validated against
data drawn from the others. An issue qualified to be considered a “core shortcoming”
could only be one that had supporting data drawn from at least two sources or ideally all
sources. The above protocol ensured that the final compilation of shortfalls provided
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systemic and properly attested issues and not mere observations. Six core shortcomings
of non-immersive online learning were derived using the above protocol.

3.2. Phase 2: VR Field Testing and Quantitative Analysis

The successive stage was an empirical field test, which focused on a quantitative as-
sessment of the acceptance of VR and its impact on learning outcomes. The methodology
was designed so as to strictly test the hypotheses underpinning the unified theory of ac-
ceptance and use of technology framework through collection and analysis of objective
performance measures and subjective perceptual feedback from participants.

3.2.1. Participants and Intervention

A quantitative, cross-sectional research design was adopted for this study to investi-
gate factors influencing the effectiveness of a VR immersive course. The sample consisted
of 100 participants from three vocational education institutions specializing in technology
in the United Kingdom (E-Access, KVL, FKAB in UKM). The sampling was done to obtain
complete data for analysis. All participants underwent the same structured VR immersive
course on automotive maintenance to maintain consistency in intervention. Data collec-
tion was done immediately after the VR session for accurate performance measurement
and immediate perceptual feedback. The intervention was a structured VR training mod-
ule called the “VR 2022 Engine Demo”, which was created in Unity and experienced with
Oculus Quest 2 headsets. The module guided students through practical activities such as
replacing engine gaskets.

3.2.2. Data Collection

A mixed-data collection approach was utilized, combining objective performance
data logged by the VR system with subjective perceptual data from a post-experience
questionnaire:

e  Device-Logged Performance Data: The VR system automatically recorded objective
performance metrics, including scores on three training lessons and three final exam-
inations (Effective Outcomes: EO), and the time taken to complete tasks (Actual Use:
AU).

e  Post-Experience Questionnaire: Immediately following the VR session, participants
completed a structured questionnaire. This instrument measured their perceptions
based on the extended UTAUT framework using 5-point Likert scales. The constructs
measured were Performance Expectancy (PE), Effort Expectancy (EE), Social Influ-
ence (SI), Facilitating Conditions (FC), and Hedonic Motivation (HM). The question-
naire’s reliability and validity were confirmed through pilot testing and psychomet-
ric analysis.

Device-Logged Performance Data

The virtual reality system automatically recorded essential key performance indica-
tors for each individual, which represent the main components of the effectiveness evalu-
ation.

Effective Outcomes (EO). The assessment of this construct involved two major factors,
namely the VR Course Training Score and the VR Course Exam Score. The training score
is the overall result of performance in directed learning tutorials for general engine repairs
(for example, Lesson 1: Replace Valve Cover Gasket, Lesson 2: Remove Gasket: Exhaust
Manifold, and Lesson 3: Replace Gasket: Intake Manifold), among others. The training
results are gauged based on factors of procedure flow, engine cleanliness, accuracy of gas-
ket replacement, and proper torque rotation, among others.
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Actual Use (AU). The Actual Use construct was defined by the Completion Time, in
minutes, for the mean VR use session. Completion Time is inherently a proxy for user
efficiency with the system.

Questionnaire Data (UTAUT Constructs)

A structured research instrument, conducted after experiencing the VR technology,
was designed to elicit perceptions based on the overall UTAUT model [25]. All constructs
consisted of multiple items based on a 5-point Likert-type scale, which ranged from 1,
Strongly Disagree, to 5, Strongly Agree. Ethical approval for conducting this research was
obtained from the Institutional Review Board (RECUKM), with reference approval code:
JEP-2024-1032. The constructs are:

e  Performance Expectancy (PE): Four items related to the belief about the usage benefit
of the VR course to improve skills, for example, “Using the VR system improves my
understanding in automotive maintenance tasks.”

o  Effort Expectancy (EE): Four statements measuring the perceived usability of the VR
system (for example, “It was easy for me to understand the VR system”).

e  Social Influence (SI): Four questions regarding the effect of peers and teachers (for
instance, “I would be more likely to use VR courses if the teacher stresses them.”)

e  Facilitating Conditions (FC): Four items pertaining to the sufficiency of technical and
organizational support (e.g., “I have the resources necessary to use the VR system.”).

e  Hedonic Motivation (HM): Four items measuring the intrinsic pleasure derived from
the experience of VR technology (for example, “Using the VR system was enjoya-
ble.”). This particular concept was added to the UTAUT model to include the expe-
riential aspect of the technology, which is inherent in the nature of the technology for
virtual reality [23].

Before full deployment, the questionnaire underwent pilot testing among interns to
ensure the reliability and validity of measurement scales. Items with suboptimal psycho-
metric properties were revised or removed accordingly. To delve into the effective mech-
anisms and underlying principles of virtual reality technology in vocational training, this
study employs a comprehensive structural equation model (SEM) alongside other statis-
tical methods to validate a series of hypotheses. Specifically, this study hypothesizes that
Performance Expectancy (PE) will positively influence Effective Outcomes (H1), while Ef-
fort Expectancy (EE) will exert a dual effect: positively influencing Effective Outcomes
while negatively affecting Actual Usage (AU) (H2, measured over time). Additionally,
social influence (SI) is posited to positively affect usage intention, which in turn influences
actual usage (H3). Facilitative conditions (FC) are hypothesized to exert a significant pos-
itive effect on actual usage (H4), while hedonistic motivation (HM) is expected to posi-
tively impact effective outcomes (H5).

3.2.3. Statistical Analysis

Quantitative data was processed by using IBM SPSS Statistics 31 and IBM Amos 31
version software. The process followed several stages:

1. Descriptive Statistics: Means, standard deviations, and ranges were calculated for all
variables.

2. Assessment of Reliability and Validity: The internal consistency of the scales in the
questionnaire was measured by Cronbach’s alpha, and construct validity was evalu-
ated by means of Confirmatory Factor Analysis.
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3. Structural Equation Modeling (SEM): To test the hypothesized relationships, the
study employed SEM. Specifically, we chose a Covariance-Based SEM (CB-SEM) ap-
proach, implemented via AMOS software. CB-SEM is primarily used for theory con-
firmation and testing, making it the ideal choice for this study, as our objective was
to test and validate the causal relationships proposed by our extended UTAUT theo-
retical framework [35]. Unlike variance-based approaches such as ‘PLS-SEM’, which
are more suited for exploratory research and prediction, CB-SEM focuses on explain-
ing the covariance among observed variables, thereby providing a robust test of the
entire model’s fit to the data. This method allowed us to simultaneously assess the
measurement model and the structural paths, providing a comprehensive evaluation
of the causal associations between the UTAUT constructs, actual usage, and effective
learning outcomes.

3.3. Phase 3: Sustainable Multimodal Framework Design

The third phase was more focused on the conceptual design process for a multimodal
VR-LMS. The design process was guided by findings collected within the previous two
phases, ensuring the designed solution was addressing the issues and was aligned with
the determinants for user acceptance. The design process was guided by a total of four
key principles, including Intuitive Affordance-Driven Design (theoretical underpinning
based on the work of Gibson) [36]; Constructivist Contextualization (concerning isolation)
[37]; Experiential Learning Theory (addressing theory and practice gaps) [38]; and Adap-
tive Cognitive Load Management (responses guided by pilot results and cognitive theory)
[39].

This theoretical framework has been implemented in a concrete system architecture
that includes VR Environment, LMS Platform, and Data Analysis Engine that are con-
nected to each other through an API that follows the requirements of the xAPI protocol.
The system has been implemented through six submodules.

The resultant architecture encompasses the incorporation of VR Environment, LMS
Platform, and Data Analytics Engine. Essentially, the architecture boils down to the incor-
poration of the six sub-modules, which are linked together in order to ensure the devel-
opment of a holistic learning environment based on an integrated approach of the data
generated by the linked sub-modules.

3.4. Phase 4: Sustainability and Scalability

The final phase of the research addressed the critical, practice-oriented challenge of
long-term sustainability and scalability, directly answering the third research question.
This phase synthesized the insights from the problem analysis (Phase 1) and the model
design (Phase 2) to formulate a strategic framework for integrating the VR-LMS model
into the wider Malaysian higher education system. The methodology for this phase was
primarily constructive, involving the development of several key strategic documents
based on the evidence gathered in the preceding phases:

e A Strategic Implementation Roadmap: A detailed, phased (three-year) guide was de-
veloped for educational institutions to adopt the VR-LMS model. This roadmap is a
change management strategy, covering stages from institutional readiness assess-
ment and pilot programs to full-scale curriculum integration and long-term institu-
tionalization.

e  Actionable Policy Recommendations: A set of specific, evidence-based policy recom-
mendations was formulated for key stakeholders at multiple levels, including uni-
versity administrations and national bodies like the Ministry of Higher Education
(MOHE). These recommendations focus on creating a supportive ecosystem through
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targeted actions in funding, quality assurance, faculty incentives, and national digital
strategy.

¢  AFramework for Continuous Improvement: A cyclical framework based on the well-
established Plan-Do-Check-Act (PDCA) model was proposed. This framework lev-
erages the data analytics capabilities built into the VR-LMS model to ensure its long-
term, data-driven evolution and adaptation to changing needs.

¢ A Dissemination and Community Building Plan: A comprehensive strategy was de-
veloped for sharing the research findings and practical outputs with the broader
community. This includes traditional academic outputs (journal articles, conference
presentations), the creation of an open-access toolkit for practitioners, and a plan for
community engagement to foster a network of innovators in immersive education.

4. Results
4.1. Phase 1: Synthesized Shortcomings of Non-Immersive Online Learning

The rigorous triangulation of data from the extensive literature review, in-depth
stakeholder interviews, and macro-level government and statistical reports converged to
identify and validate six core shortcomings that systemically undermine the effectiveness
of non-immersive online learning, particularly in the hands-on context of TVET.

4.1.1. Missing Behavioral Data and Difficulty Measuring Engagement

One of the persistent themes is the lack of clarity of engagement data among students
in non-immersive learning environments. All parties involved have been unable to iden-
tify actual engagement among students beyond surface-level and often misleading data
points like the length of time they log in and the number of video plays. A manager at E-
access Vocational College discussed this topic quite clearly as follows:

“We can see they're logged in, but are they truly present and learning? It’s a black box
for us. We get reports on ‘attendance,” but that’s just a digital ghost. We have no real
insight into their cognitive presence or effort.”

Yet this qualitative scenario is consistent with the literature, which places great em-
phasis on lack of motivation and passive approaches to learning, specifically within the
context of eLearning [40]. Furthermore, this is quantified with the alarming rates of poor
task engagement documented to occur within eLearning; for example, one study reveals
95% of participants confessed to using their personal devices (e.g., smartphones, tablets,
laptops) for non-academic purposes (e.g., Facebook, text messaging) while engaged in
computer-mediated lectures, up 10% (75% associated with in-person lectures) [41]. The
impossibility of tracking precise behavioral data, such as attention heat maps where con-
ceptual diagrams are necessary, or simulation activities, makes it difficult to track engage-
ment levels and distinguish between active engagement and passive viewing.

4.1.2. Weak Real-Time Intervention and Classroom Management

Instructors expressed significant frustration caused by the inability to use appropri-
ate tools for intervention with sufficient timeliness during live web-based classes. An en-
gineering educator from UKM affirmed the observation:

“In a physical lab, I can see the confusion on a student’s face or notice they're holding a
tool incorrectly and I can walk over and help them instantly. Online, if a student gets
lost during a live demonstration, I might not know until much later when they send an
email, by which time theyve missed crucial steps, and the learning moment is gone.”
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This is further worsened by the high student-to-teacher ratio commonly seen in
online courses, which might range from the average classroom sizes to the massive set-
tings present within MOOCs, making it impossible to monitor the members effectively
[42]. The use of standard LMS or video conferencing software does not present an effective
way of monitoring those who are distracted or struggling to use the dynamic management
capabilities offered by these systems. As a result, classroom management becomes ineffi-
cient, support is often late, and the teaching process becomes a reactive rather than a pro-
active one [43].

4.1.3. Limited Evaluation of Practical and Applied Skills

Perhaps the most critical shortcoming for TVET was the inability to authentically as-
sess hands-on, practical skills. A senior engineering teacher from KVL lamented:

“Our entire purpose is to produce job-ready technicians. Written exams or multiple-
choice questions can test their theoretical knowledge of an engine, but they don’t tell me
if a student can actually calibrate an instrument, troubleshoot a circuit, or perform a
diagnostic sequence correctly. Our current online tools simply cannot measure compe-
tency in the psychomotor domain.”

This reflects a well-documented disconnection between theory and practice in online
learning [44]. This micro-level concern is supported by macro-data from a joint World
Bank/ILO/UNESCO report, which concludes that in many countries, TVET systems “do
not match skills and labour market needs,” suggesting a systemic failure to impart and
verify the practical competencies employers require [45]. Evaluation in non-immersive
online learning remains fundamentally one-sided, heavily focused on theoretical outputs
and cognitive recall rather than the applied competency that is the hallmark of vocational
excellence.

4.1.4. Insufficient Personalization and Low Learning Efficiency

The absence of data-driven “individual learning portraits” in most non-immersive
systems severely hinders the ability to provide personalized instruction and support.
Teachers reported that it is nearly impossible to manually track the detailed progress and
specific struggles of all students in a large online class. One teacher noted, “I'm essentially
teaching to the middle, and I know I'm losing the students who are struggling and boring
the ones who are ahead.” This aligns with literature on the insufficient adaptability and
inherent “one-size-fits-all” nature of many single-method online teaching approaches [46].
This issue is critical, as large-scale assessment data from sources like the UNESCO Insti-
tute for Statistics (UIS) confirms extremely wide variations in student proficiency within
the same cohorts [47]. Yet, non-immersive systems typically lack the sophisticated diag-
nostic tools needed to automatically identify individual weak links (e.g., a student repeat-
edly making the same error in a simulation) and recommend targeted remedial content,
leading to inefficient and frustrating learning cycles for students.

4.1.5. High Resource Management Costs and Low Flexibility

Counterintuitively, managers highlighted that attempts to replicate hands-on learn-
ing in an online format can lead to significant operational costs and logistical burdens.
One manager explained:

“We tried sending out physical lab kits to our automotive students. The upfront cost
was high, but the real nightmare was the logistics: shipping, tracking, maintenance, and
getting them back. It was a massive operational strain.”
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Furthermore, the rigidity of many institutional LMS platforms makes it difficult and
time-consuming to update or adapt course content. As a manager stated, “Every time a
curriculum standard changes, overhauling all the related online modules is a massive un-
dertaking.” These micro-level challenges are compounded by macro-level financial reali-
ties. Institutional budgets are often tight, with global education spending per child re-
maining flat for over a decade, and ICT infrastructure in many schools is still limited,
making expensive or inflexible technological solutions unsustainable in the long run
[47,48].

4.1.6. Weak Interactive Experience and Low Participation

Finally, all stakeholder groups (managers, technicians, and teachers) noted the pro-
found lack of rich, meaningful interaction in typical online settings. An E-access teacher
shared,

“It’s hard to get a natural flow of conversation going in a large video call. It's mostly me
talking, and students typing short answers in a chat box. You lose all the non-verbal
cues, the spontaneous debates, the feeling of a shared community.”

This often results in a “one-way output” from the instructor and contributes to a
strong sense of social isolation for students, a well-documented phenomenon in online
learning [49]. This qualitative experience is corroborated by quantitative survey data,
which shows that exclusively online students report a significantly lower sense of belong-
ing to their institution (31%) compared to their on-campus peers (48%) [50]. This weak
interactive experience directly impacts student satisfaction, motivation, and active partic-
ipation.

4.2. Phase 2: Findings from the VR Field Test and Quantitative Analysis

The quantitative analysis of data from the 100 participants in the VR field test yielded
significant findings regarding both learning effectiveness and technology acceptance.

4.2.1. Participant Descriptive Statistics

The participant pool consisted of automotive engineering students with a generally
moderate level of pre-existing familiarity with VR (M =2.73, SD = 1.39 on a 5-point scale).
A vast majority (89%) did not own a personal VR device, indicating that the experience
was novel for most. Participants demonstrated overwhelmingly positive perceptions of
the VR system, with high mean scores for Performance Expectancy (M = 4.33), Effort Ex-
pectancy (M =4.14), and Facilitating Conditions (M = 4.15). Hedonic Motivation was rated
moderately high (M = 3.63).

Analysis of Student Performance in VR Modules

Student performance in the VR modules was generally high. As shown in Figure 2,
in the guided lessons, mean scores were 88.49 (SD = 6.54) for Lesson 1, 90.49 (SD = 11.09)
for Lesson 2, and 98.67 (SD = 8.06) for Lesson 3. In the unguided examinations, mean over-
all scores showed a slight upward trend: 88.29 (SD = 4.91) for Examination 1, 88.56 (SD =
10.93) for Examination 2, and 92.49 (SD = 13.06) for Examination 3, suggesting a signifi-
cantly learning progression.

UTAUT Constructs and Overall Performance

Descriptive statistics for the UTAUT constructs and overall performance metrics are
summarized in Figure 3 and Table 1. Participants reported generally positive perceptions
of the VR system. Performance Expectancy (M = 4.33, SD = 0.38) and Facilitating Condi-
tions (M = 4.15, SD = 0.43) received the highest ratings, indicating that students believed
the VR course was effective and felt well-supported. Effort Expectancy was also high (M
= 4.14, SD = 0.62), suggesting that the system was perceived as user-friendly. Social
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Influence (M = 3.87, SD = 0.53) and Hedonic Motivation (M = 3.63, SD = 0.58) scored mod-
erately. Overall performance was high, with a mean Training Score of 92.55 (SD = 8.12)
and a mean Exam Score of 89.78 (SD = 9.54), indicating a high level of mastery of the prac-
tical tasks within the VR environment.
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Figure 2. Mean Overall Scores.
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Figure 3. Distribution of UTAUT Constructs and Performance Metrics.
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Table 1. Descriptive Statistics of Key Variables.

VARIABLE Construct Mean SD  Min Max Interpretation
Performance Expectancy (PE) ~ UTAUT 433 038 328 500 Lueh eXpeCtatlsgszf VR effective-
Effort Expectancy (EE) UTAUT 414 062 279 500 Moderatetohigh ease of use per-
ception
Social Influence (SI) UTAUT 3.87 053 247 5.00 Moderate social pressure to use VR
Facilitating Conditions (FC) ~ UTAUT 415 043 204 500 Coodorganizationaland technical
support
Hedonic Motivation UTAUT 363 058 2.0 5.00 Moderate en]oyment from
(HM) VR experience
Effecti . High f in train-
Training Score ectiveOut- o) 55 g12 7000 10000 L8N average performancein train
come (EO) ing
Exam Score Bffective Out- oy 76 954 6500 10000 High average
come (EO) Performance in exams
Completion Time (minutes) U3 USe 045 567 1800 4000 oderatevariability in task comple-
(AU) tion time

4.2.2. Reliability and Validity

To ensure the quality of the measurement results, both reliability and validity anal-
yses were performed. The internal consistency of the questionnaire scales was assessed
using Cronbach’s alpha. As shown in Table 2, all five UTAUT constructs demonstrated
acceptable to good reliability (a > 0.70), with coefficients ranging from 0.791 for Social
Influence to 0.856 for Performance Expectancy [51].

Table 2. Reliability Analysis (Cronbach’s Alpha).

Scale Number of Items Cronbach’s Alpha(A) Interpretation
Performance Expectancy (PE) 4 0.856 Good
Effort Expectancy (EE) 4 0.823 Good
Social Influence (ST) 4 0.791 Acceptable
Facilitating Conditions (FC) 4 0.847 Good
Hedonic Motivation (HM) 4 0.798 Acceptable

Construct validation was assessed using Confirmatory Factor Analysis (CFA). The
five-factor measurement model had a good data fit, supported by various fit statistics (re-
fer to Table 3). The value of chi-square to degree of freedom (CMIN/DF) was 1.89, well
within the recommended limit of 3.0. Other fit statistics approaches or exceeds the recom-
mended levels of good fit, namely Comparative Fit Index (CFI of 0.955), Tucker-Lewis
Index (0.948), Root Mean Square Error of Approximation (RMSEA of 0.068), and Stand-
ardized Root Mean Squared Residual (SRMR of 0.054). All of these significant loads had
values of 0.71 and 0.89, both of which are well within acceptable limits and are significant
at p <0.001, ensuring good convergent and discriminant validity. Overall, it can be con-
cluded that the data obtained is reliable and valid for the UTAUT variables of interest.

Table 3. CFA Model Fit Indices.

Fit Index Value  Recommend Threshold Conclusion
Chi-square/df (CMIN/DF) 1.89 <3.0 Good fit
Comparative Fit Index (CFI) 0.955 >0.90 Good fit
Tucker-Lewis Index (TLI) 0.948 >0.90 Good fit
Root Mean Square Error of Ap- .
proximation (RMSEA) 0.068 <0.08 Acceptable fit
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Standardized Root Mean Square

Residual (SRMR) 0.054 <0.08 Good fit

4.2.3. Structural Equation Modeling (SEM)

The primary analysis using SEM tested the full theoretical model. The model demon-
strated an excellent fit and provided strong support for most of the research hypotheses.
The key findings from the path analysis are visualized in Figure 4.

Training
Score
0.05 Effective
@ Actual Use (AU) outcomes(EO)
o Exam
Score

Figure 4. Final Structural Equation Model with Standardized Path Coefficients.
Meanwhile, as shown in Table 4, the model has identified some major paths:

Table 4. SEM Path Coefficients and Hypothesis Testing.

Path Hypothesis Standardized p-Value Result
PE — EO H1 0.78 <0.001 *** Supported
EE — AU H2 0.45 <0.001 *** Supported
EE — EO H2 0.08 0.215 Not Supported
SI - AU H3 0.05 0.450 Not Supported
FC - AU H4 0.16 0.041 * Supported
HM — EO H5 0.25 0.009 ** Supported

*p <0.05,* p<0.01, *** p < 0.001.

e  Performance Expectancy (PE) — Effective Outcomes (EO): PE stands out as the fore-
most determinative factor for learning outcomes, with a large and highly significant
path coefficient (3 = 0.78, p < 0.001). Indeed, this confirms the assertion that the stu-
dent’s perception of the value of the VR system as the driving force for their achieve-
ment can hardly be overstated.
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e  Effort Expectancy (EE) — Actual Use (AU): Effort Expectancy has a strong positive
influence on actual use, as evident from the fact that it leads to reduced completion
time (p = 0.45, p <0.001). This enunciates the significance of ease of use.

¢ Hedonic Motivation (HM) — Effective Outcomes (EO): There is a direct prediction of
learning performance by hedonic motivation, with the results showing positive
learning outcomes (3 = 0.25, p <0.01).

e  Facilitating Conditions (FC) — Actual Use (AU): FC has a significant and smaller
effect on efficiency (3 = 0.16, p < 0.05), which indicates that sufficient support influ-
ences the speedy accomplishment of tasks.

e  Social Influence (SI) did not appear as a predictor in this study.

Overall, the final SEM explained 66.3% of the variance (R2= 0.663) in effective learn-
ing outcomes, indicating the exceptional explanatory power and universality rather than
contingency of the extended UTAUT framework in this VR learning environment.

4.3. Phase 3: The Multimodal VR-LMS Conceptual Framework

The findings from the first two phases directly informed the design of a sustainable,
multimodal VR-LMS conceptual framework. The architecture is built on a three-part
structure: the VR Environment (for immersive experience), the LMS Platform (for struc-
ture and administration), and a Data Analytics Engine (for intelligence and adaptation).
The framework’s core functionality is delivered through six interconnected sub-modules,
each designed to address the shortcomings identified in Phase 1. The model is built on a
sophisticated architecture designed to create a seamless, cyclical flow of information be-
tween an immersive VR environment, a robust LMS platform, and a powerful data ana-
lytics engine.

4.3.1. Overall System Architecture

The architecture, illustrated in Figure 5, is designed to be both multimodal and inte-
grated by nature. The architecture consists of three main parts that work in conjunction
with each other: a dynamic virtual reality (VR) environment (for example, one created in
a game engine like Unity and accessible through headsets or WebXR), a learning manage-
ment system (LMS) platform (for example, one that is open-source like Moodle or one
customized and flexible like WordPress with the LearnDash plug-in), and a data analytics
engine. The interaction between the various parts is facilitated by a modern application
program interface (API), namely the Experience-API (xAPI), which allows for the capture
of complex learning behavior and activity data. Such a multimodal architecture thus fa-
cilitates a very tight feedback cycle: teaching content and educational goals provided by
the LMS are utilized for the structuring and personalization of the VR experience. At the
other end, the very extensive behavioral and performance data gathered in VR (such as
gaze tracking, motion, completion times for tasks, error rates) is analyzed by the analytics
engine and made available for authentic assessment, personalized feedback, and visuali-
zation for instructors through real-time dashboards in the LMS.
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Figure 5. System Architecture of the Multimodal VR-LMS Model.

4.3.2. Theory-Driven Design Decisions

The primary result of this phase is the mapping of the theoretical approaches into the
operational properties within the system, guaranteeing that the system acts as an educa-
tionally functional environment and not simply as a technical one. This mapping is sum-
marized within Table 5, where the decision of design directly corresponds to one of the
theoretical points and an identified problem.

Table 5. Design Decision Mapping from Theory to Function.

Theoretical

. Core Design Decision Specific Manifestation in the VR Model Phase 1 Problem Addressed
Foundation

Interactive parts of a virtual machine (e.g.,

Provide explicit, intui-  bolts, levers) glow or highlight when the

Gibson’s Theory tively perceivable inter- user’s gaze or controller pointer hovers
of Perceptual Af- action cues to minimize over them. Haptic feedback in controllers
fordances cognitive load related to vibrates to confirm actions like grasping a
system operation. tool. Auditory cues (e.g., a “click” sound)

signal success or error.

Shared virtual labs are created were multi- Directly combats the “Strong

Design open-ended, col- ple students, represented as avatars, can  Sense of Social Isolation” and

laborative problem-solv- enter the same space to work on a shared moves beyond passive infor-
Constructivism ing tasks that require ac- task, such as diagnosing a malfunctioning mation reception to active, so-
tive knowledge con-  engine. They must collaborate, pass vir-  cial knowledge construction,

struction. tual tools, and interpret shared data dis- addressing the lack of higher

plays to solve unscripted problems. order thinking training.

Directly addresses user confu-
sion and high cognitive load,
mitigating the “Weak Interac-
tive Experience” and lowering
the effort expectancy barrier for
technology adoption.
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After performing a hands-on task in VR
(Concrete Experience), the system auto- Systematically bridges the “Dis-

Embed a mandatory,  matically transitions the user to a struc-  connection Between Theory
Experiential structured reflection tured reflection journal in the LMS (Reflec- and Practice” by ensuring that
Learning Theory process into the learning tive Observation), then links them to rele-  practical experience is not a

(Kolb’s Cycle) cycle to transform expe- vant theoretical content (Abstract Concep- standalone event but is deeply

rience into knowledge.  tualization), and finally unlocks a new, processed, conceptualized, and
more complex task (Active Experimenta- transferred.
tion).
Complex assembly tasks are “chunked” Prevents information overload
Simplify the user inter- into logical, sequential sub-steps. The user and potential VR sickness, im-
Cognitive Load face and provide adap- interface is minimalist and can be hidden proving learning efficiency and

Theory tive task scaffolding to or faded when not in use. The system pro- directly addressing the “Insuffi-
optimize the use of ~ vides “just-in-time” contextual hints if it cient Personalization and Low
working memory.  detects a student is struggling with a par- Learning Efficiency” shortcom-

ticular step. ing.

4.3.3. Functional Specifications of the Six Sub-Modules

Figure 6 and Table 6 together illustrate the extensive capabilities, which are broken
down into six different yet intricately linked sub-modules, altogether constituting a
closed-loop process that encompasses “data collection — monitoring — evaluation — op-
timization” for the deficiencies shown below.

Online
Observation

Live

Teaching
Broadcast

Supervision

VR

Conceptual model

LMS

Course Learning

Management Evaluation

Learning
Inspection

Figure 6. The VR Conceptual Framework Six Sub-Modules.
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Table 6. Functional Specifications of the Six VR-LMS Sub-Modules.

Shortcoming Ad-

Sub-Module Core Function
dressed

Data Input Data Output

Gaze tracking, controller

Online Obser- Capture granular behavioral Missing Behav- . .
movements, interaction

Immersion heatmaps, ac-

vation data in VR. ioral Data logs tivity timelines.
. Provide instructors with a . . Alerts for disengagement,
Teaching Super- . . Weak Real-Time Live data from Observa- r ISengager
LS real-time dashboard for in- . . one-click intervention
vision . Intervention tion Module.
tervention. tools.

Limited Evalua- VR task scores, comple- Comprehensive, multi-di-
tion of Practical tion times, error logs, LMS mensional student perfor-
Skills quiz scores. mance reports.

Generate individual learnin
. & Insufficient Per-
portraits and personal rec-

Learning Evalu- Integrate VR performance
ation with LMS assessments.

P lized 1 i
Learning In- Data from Evaluation and crsonatized learning

pathways, recommended

spection . sonalization Observation Modules. .
ommendations. remedial content.
. . . Structured, adaptable
Course Man- Organize and integrate VR o VR assets, 3D models, vid- p .
. Low Flexibility course modules within the
agement and traditional content. eos, PDFs. LMS
. Enable synchronous, interac- Weak Interactive Instructor’s live feed, stu- Shared virtual space for
Live Broadcast . . . . .
tive VR classroom sessions. Experience dent avatars. collaborative learning.

1.  Online Observation Sub-Module: The main data acquisition component, acting as the
sensing system inside the VR system. The sub-module passively and objectively ac-
quires raw behavioral data by recording all significant user interactions like tool ma-
nipulation and button presses; attention by generating attention heat maps, body mo-
tion and path analysis for exploration behavior analysis; and audio data for collabo-
rative systems. It directly resolves the issue of Missing Behavioral Data.

2. Teaching Supervision Sub-Module: “The lecturer’s command center, allowing for a
complete, real-time view of the virtual classroom.” Adding to the support of the
teaching process, this sub-module helps the lecturer have a complete, real-time vir-
tual classroom interface where the lecturer can track the status of the students, can
have the ability to mirror the point of view of any student in the virtual classroom in
real-time, can receive automated alerts for inactivity and repeated mistakes, and has
direct intervention tools like private voice chat and hints for the purpose of providing
immediate assistance.

3. Learning Evaluation Sub-Module: This is the authentic assessment module. This au-
tomatically evaluates student performance in the VR simulations based on predeter-
mined rubrics (such as accuracy, efficiency, and safety procedures) and weighs these
in a comprehensive gradebook within the LMS. This correlates student performance
in particular activities back to professional skills in a variety of ways that avoid the
“Limited Evaluation of Practical Skills.”

4.  Learning Inspection Sub-Module: This involves the diagnosis or personalization en-
gine of the system. The module uses artificial intelligence algorithms to analyze lon-
gitudinal information with a view to producing a “learning portrait” of the learners.
It also examines “weak links” with a view to recommending a remedy through
recompletion of a VR sub-task or viewing a video. This addresses the problem of
“Insufficient Personalization”.

5. Course Management Sub-Module: Educator-oriented authoring module. Provides an
easily usable interface within the learning management system to author educational
pathways with multimodal content that integrates VR content seamlessly with exist-
ing content, determining activity flow to reflect Kolb’s learning cycle and evaluating
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Data Collection Phase - Sustainable Implementation Phase
* Preliminary analysis and review of previous ¢ A strategic path for institutional adoption,
related work policy briefs, and a sustainable model for
* Investigate on the lecturers-students’ long-term iteration and scaling
problems during the conduct of online classes A
without effects of multimedia
* Collect and analysis the lecturers-students’ Multimodal Desig n Phase
behaviors

learning criteria for VR tasks. This sub-module addresses the “Low Flexibility in
Course Design.”

6. Live Broadcast Sub-Module: The synchronous teaching and interaction sub-module.
This sub-module will enable the lecturer to conduct a live virtual reality session, in-
viting all the registered students into a virtual environment (e.g., a virtual classroom
or workshop) for the purpose of presentations and group interactions, thereby im-
proving the “Weak Interactive Experience.”

This modular, data-driven design creates a cyclical ecosystem where student interac-
tion generates data, which informs real-time pedagogical interventions and long-term
personalization, thereby creating a more adaptive, engaging, and sustainable learning en-
vironment.

4.4. Phase 4: Sustainable Implementation and Scalability Strategy

The final phase of the research produced a comprehensive, evidence-based strategic
framework for moving the VR-LMS model from a conceptual prototype to a sustainable
and scalable institutional practice. The framework is underpinned by the iterative re-
search methodology illustrated in Figure 7.

Evaluation

* Carry out survey by providing each
respondents a set of questionnaires
(Immersion, Engagement and Participation)

* Suggest and recommend future work for

improvement

v
and Assessment Phase

\ 4

Figure 7. The Four-Phase Iterative Research Methodology Framework, which underpins the strate-

gic implementation roadmap.

4.4.1. A Phased Implementation Roadmap

Recognizing that successful technological adoption is a process of change manage-
ment, a detailed three-year roadmap was developed to guide institutions. This roadmap
is designed to build capacity, foster buy-in, and mitigate risks through a gradual, phased
approach.

This three-year roadmap begins with a foundational year dedicated to institutional
readiness and a targeted pilot. Year 1 is centered on laying the essential groundwork
through the establishment of a cross-departmental leadership task force, incorporating
key voices from management, IT, and faculty. This team initiates a comprehensive insti-
tutional infrastructure and readiness audit while recruiting and intensively training a
small cohort of enthusiastic “Seed Teachers.” The culmination of this phase is an initial
pilot study designed to gather baseline data. The critical outputs from this first year
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include a detailed institutional feasibility report with long-term budget forecasts and the
validated, actionable results of the pilot study.

Building upon this validated foundation, Year 2 shifts focus to capacity building and
formal curriculum integration. With the Seed Teachers now established as faculty cham-
pions, the project scales through a “Train the Trainer” program, empowering these pio-
neers to mentor their peers. The successfully tested VR modules are formally integrated
into the official syllabi of one or two core engineering courses as credit-bearing compo-
nents. Concurrently, a centralized technology support helpdesk is established to ensure a
smooth user experience, and development begins on new VR modules informed by fac-
ulty feedback from the pilot phase.

Looking toward Year 3 and beyond, the initiative enters a phase of full-scale rollout
and permanent institutionalization. The model is actively promoted and expanded to
other high-potential faculties such as Medicine, Architecture, and Environmental Science.
To ensure deep-rooted adoption, the successful development and implementation of VR
courses are integrated into the official criteria for faculty evaluation, tenure, and promo-
tion. A sustainable, long-term hybrid funding model is also established, blending central
budgets with departmental grants and potential revenue streams. Finally, the system ma-
tures into a tool for continuous improvement, with its analytics feeding into a formal
PDCA cycle for ongoing research and quality enhancement, securing the program’s leg-
acy and evolution.

4.4.2. Multi-Level Policy Recommendations

The research culminated in a set of specific, evidence-based policy recommendations
formulated for different stakeholder levels. These recommendations are designed to work
in concert to create a supportive and enabling ecosystem for immersive learning in Ma-
laysia.

At the institutional level, for university management, this study proposes a three-
pronged strategy. First, a dedicated, centrally managed “Immersive Learning Innovation
Fund” (e.g., RM 500,000 to RM 1,000,000 annually) should be established to provide seed
money for faculties to acquire hardware and develop content. Second, institutions should
move beyond ad hoc solutions by developing centralized, well-equipped “VR Hubs”
complemented by a robust device lending program to ensure equitable student access.
Finally, and crucially, Human Resources must revise official faculty performance review
and promotion guidelines to explicitly recognize and reward the development of innova-
tive digital pedagogies, such as VR courses, as a significant contribution to teaching excel-
lence.

At the national level, for the Ministry of Higher Education (MOHE), this study rec-
ommends three key actions. First, the Malaysian Qualifications Agency (MQA) should
revise its Code of Practice for Programme Accreditation (COPPA) to include specific cri-
teria for the use of immersive methods in developing practical skills. Second, immersive
technologies (VR/AR) must be explicitly integrated as a funded priority within future na-
tional education plans, such as the successor to the 12th Malaysia Plan and the ongoing
Digital Education Policy (DEP). Third, MOHE should launch and fund a national consor-
tium to facilitate collaboration between universities, technology companies, and industry
bodies, tasked with co-developing standardized, high-quality VR training modules for
critical sectors of the economy.

4.4.3. Operationalizing Sustainability Proposed Indicators and Evaluation Criteria

To make the concept of sustainable education actionable, this study proposes a suite
of measurable indicators for collection during scale-up pilots and institutional rollouts,
designed to provide a holistic view of the initiative’s viability and impact. The framework
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encompasses “economic feasibility”, assessed through metrics such as the cost per student
trained, factoring in both amortized capital costs and annual operational expenses, along-
side the projected time to payback for central VR hub investments. “Device lifecycle and
maintenance” will be tracked via the average device useful life in years, mean time be-
tween failures, annual maintenance cost per device, and the size of the spare pool relative
to the active student cohort.

Concurrently, “technical support and institutional capacity” will be evaluated using
the ratio of support staff to active students, the average time to resolve technical incidents,
and the annual training hours dedicated per faculty member. To ensure the initiative ad-
vances inclusively, “equity and access” will be monitored through the proportion of stu-
dents with access, specifically the device lending take-up rate, a demographic breakdown
of that access, and the waiting list latency for VR sessions. Finally, “pedagogical continuity
and scalability” will be gauged by the number of courses or modules ported per year, the
time required in months to author a new module, and the instructor adoption rate.

Together, these indicators create a comprehensive system for empirical monitoring,
enabling the dashboard metrics and cost benefit analyses essential for informed institu-
tional decision-making.

5. Discussion

The findings of this research provide compelling, integrated evidence that the strate-
gic integration of multimodal VR into an LMS framework can create a more sustainable
and effective educational model for TVET. This discussion synthesizes the results from all
four research phases, interpreting their theoretical and practical implications and posi-
tioning them within the broader context of digital transformation in education.

5.1. The Diagnosis of Unsustainability in Conventional Online TVET

Phase 1 of this study successfully triangulated evidence to diagnose the root causes
of unsustainability in conventional online TVET. The six identified shortcomings (from
missing behavioral data to the inability to assess practical skills) paint a clear picture of a
system struggling to meet its core mandate. The findings resonate strongly with the exist-
ing literature on the theory—practice gap [12] and the limitations of content-centric LMS
platforms [2]. The stakeholder interviews provided powerful, context-specific validation,
with Malaysian educators and administrators articulating the profound challenges of
teaching hands-on subjects like automotive engineering in a 2D environment. This initial
diagnosis is critical, as it frames the problem not as a simple technological deficit but as a
fundamental pedagogical unsustainability. When an educational model struggles to en-
gage students, assess core competencies, and bridge theory with practice, it may fail to
produce the job-ready graduates that industry and national policy demand, thus compro-
mising its long-term viability.

5.2. VR as a Viable Solution: Interpreting the UTAUT Findings

Phase 2 offers concrete quantitative evidence that virtual reality (VR) offers far more
than a new and interesting technology; it offers a potent pedagogic solution too. The fact
that student performance was very high (M > 89) demonstrates that complex practical
skills can be learned and mastered effectively in a carefully designed VR environment.
The findings from Structural Equation Modeling (SEM) offer a complex but accurate de-
scription of this effectiveness too. The strong emphasis placed upon the factor “Perfor-
mance Expectancy” (3 = 0.78) stands out as having far more importance than any other
factor and clearly indicates that an individual’s perception that this technology has prac-
tical application in their lives (their perception that this technology is a valuable or useful
tool in this skill-building process) is their greatest determining factor in this scenario.
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The significant impact of Hedonic Motivations on the efficiency of the learning pro-
cess resulted in a positive coefficient of 0.25, proving that the intrinsic pleasure of the VR
experience has a direct impact on the process, rather than the experience being supple-
mental to the process. The monotony and disengagement, being the ill effects of the tradi-
tional online course, can easily have a treat with the increased level of engagement with
the VR system being used. More importantly, the significant positive coefficient of Effort
Expectancy and efficiency of 0.45 emphasizes the significance of having a user-friendly
system in place for the learners to focus on the process of studying rather than dealing
with the ill effects of complex interfaces of the system.

5.3. The VR-LMS Framework as a Blueprint for Sustainable Pedagogy

The conceptual model developed in Phase 3 is the architectural embodiment of the
answers to the above-said problems. It serves not only as a technical solution but also as
a teaching blueprint for a more resilient online learning environment. It does so through
the creation of a closed-loop system whereby there is a continuous feedback process car-
ried out between the online environment and the LMS through a data analytics engine.
The architecture specifically caters to the six problems mentioned before. The Online Ob-
servation and Teaching Supervision modules in the architecture allow for real-time sur-
veillance and remediation, which was missing for teaching staff in Phase 1. The modules
on Learning Evaluation and Inspection allow for a real online, performance-oriented eval-
uation and data driven customization, addressing the issues of unilateral evaluation and
inefficient learning. The above-described modularity is also a measure ensuring flexibility
for the online learner’s institution, allowing for the assimilation and adaptation of the ar-
chitecture’s components based on their institutional needs.

5.4. From Framework to Practice: The Role of the Implementation Pathway

A framework, no matter how meticulously crafted, is meaningless unless it is imple-
mentable. That is the focus of phase 4. Sustainable Implementation Pathway is a step
ahead of the general need for “Facilitating Conditions” and is an action-enabling tool for
strategic planning. The UTAUT model suggested that although the impact of “Facilitating
Conditions” was slightly smaller, lack of “Facilitating Conditions” may sometimes act as
a substantial impedance in the implementation process. The Pathway helps the institu-
tions identify the possible impediments in the “technological, pedagogical, institutional,
and financial” levels actively. Based on the “cold spot,” the institution can strategically
prepare an action plan, which may range from investing in the staff’s readiness before
investing in hardware or culminating the administrative approval process before the trial
implementation phase. This approach is very important because it helps the institution
implement the use of Virtual Reality technology not as an “unaffordable trend” but as an
“enduring, worthwhile investment” over time.

5.5. Integrated Discussion and Contributions

Viewed holistically, this research makes several significant contributions. Theoreti-
cally, it validates an extended UTAUT model in the specific context of vocational VR train-
ing, highlighting the unique and powerful roles of Performance Expectancy and Hedonic
Motivation. Practically, it provides a validated blueprint (the VR-LMS framework) and a
strategic planning tool that TVET institutions in Malaysia and beyond can use to guide
their digital transformation efforts. By demonstrating a clear pathway from problem di-
agnosis to validated solution and strategic implementation, the study offers a comprehen-
sive model for how to leverage technology to build more sustainable educational practices.
It argues that true digital transformation is not about replacing teachers with technology,
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but about empowering them with data-driven tools that show potential to enhance their
ability to facilitate deep, engaging, and practical learning experiences.

6. Conclusions
6.1. Summary of Findings

This research set out to address the fundamental unsustainability of conventional
online learning models for hands-on disciplines within Malaysian TVET. Through a four-
phase, mixed-methods study, we have moved from a comprehensive diagnosis of the
problem to the development and validation of a viable, sustainable solution. Phase 1 iden-
tified six critical shortcomings of non-immersive online learning, confirming a deep-
seated disconnect between theory and practice. Phase 2 provided robust empirical evi-
dence that a VR intervention can significantly enhance learning outcomes, with student
performance being exceptionally high. The UTAUT analysis revealed that this success is
driven primarily by the perceived utility of the technology (Performance Expectancy), its
ease of use (Effort Expectancy), and the intrinsic enjoyment it provides (Hedonic Motiva-
tion). Phase 3 translated these insights into a multimodal VR-LMS conceptual framework,
an architectural blueprint for a data-driven, adaptive, and pedagogically sound learning
ecosystem. Finally, Phase 4 produced a strategic planning tool, the Sustainable Implemen-
tation Pathway, to guide institutions in a realistic and sustainable adoption process.

6.2. Theoretical and Practical Contributions

The paper is highly significant in the context of theory as well as practice. In the con-
text of theory, the paper upgrades and verifies the UTAUT model in relation to the concept
of immersive vocational training, thereby obtaining significant insights regarding the psy-
chological factors influencing the effective adoption and use of virtual reality technology
in the context of education. The results clearly show that, in relation to complex tasks,
perceived usefulness and pleasure have considerable influence, as opposed to social in-
fluence.

In reality, the study offers an empirical, proof-based approach for TVET institutions
undergoing the digital makeover. The VR-LMS structure gives an empirical approach to-
wards the shortcomings of the traditional LM system, and the system pathway functions
as an apparatus for implementing the sustainability of the makeover process for the insti-
tution. For the teacher, the study shows the application of VR in designing more engaging
and effective teaching and learning processes for students. For the policymaker, the study
gives pre-requisites for the allocation of more investments on the adoption of immersion
technologies as an apparatus for improving the quality of TVET for the Malaysian digital
economy vision.

6.3. Limitations and Future Research

Although the study is rather exhaustive, it has a few limitations. First, while the con-
ceptual framework is grounded in experiential learning theory, our empirical validation
focused primarily on performance outcomes and technology acceptance rather than the
full learning cycle. Future research should explicitly measure the impact of the reflective
and conceptualization phases by, for example, analyzing student reflective journals, im-
plementing conceptual pre/post-tests, or conducting delayed retention tests to assess
long-term knowledge transfer. Second, the study was carried out in the context of auto-
motive engineering courses in Malaysia, and although the concepts can be applied uni-
versally, the results may need to be validated in other fields related to TVET. Third, our
quantitative analysis relied on a single-group, post-intervention design, which limits
causal claims about the effectiveness of VR compared to other modalities. Future studies
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should employ experimental or quasi-experimental designs with control groups (e.g.,
LMS-only or traditional lab) to provide comparative evidence. Furthermore, the increas-
ing pace of advancement in the fields of VR and Al may necessitate periodic improvement
in the proposed conceptual framework. Other research may be carried out to explore the
potential integration with more advanced Al tutors, approaches based on augmented and
mixed reality, and the improvement of the approach related to the analysis of the large
behavioral outputs generated within the context. Finally, the UTAUT framework doesn’t
capture all factors influencing technology adoption and learning behavior. The Task-Tech-
nology Fit (TTF) model could be used to explore how well the VR technology aligns with
the specific learning tasks of automotive repair. Future research should consider integrat-
ing complementary frameworks, for instance, combining UTAUT with TTF, to better ac-
count for contextual fit and motivational drivers [52].

In conclusion, the digital transformation of learning environments requires the estab-
lishment of pedagogical foundations for sustainability. A strategy that involves merely
migrating content to new technology is clearly unsustaining and unable to address the
needs of the learner in the 21st century. Through this study, however, which integrates
immersive technologies such as VR, strategically combined with the data-driven approach
of the LMS, it is possible to foster learning environments that are more engaging, more
effective, and ultimately more sustainable. The model of the VR-LMS is clearly on the right
path for the TVET sector, which is potentially capable of making available high-quality
learning for practical purposes, thus helping to produce competent workers for the future.
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UTAUT  The Unified Theory of Acceptance and Use of Technology

PE Performance Expectancy

EE Effort Expectancy

SI Social Influence

FC Facilitating Conditions

HM Hedonic Motivation

EO Effective Outcomes

AU Actual Use

SEM Structural Equation Modeling
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