Volume: 8 Issues: 28 [September, 2025] pp. 1 - 16]
Jurnal Penyelidikan Sains Sosial (JOSSR)
eISSN: 2637 -0956

Journal Website: https://academicinspired.com/jossr

ACADEMIC
INEPIRED DOI: 10.55573/J0SSR.082801

EXPLORING THE SYNERGY OF AUGMENTED REALITY
AND TVET: ENHANCING ENGAGEMENT AND SKILL
DEVELOPMENT

Nor Roselidyawaty Mohd Rokeman'!
Che Ghani Che Kob?
Mohd Nasir Mohd Yaacob?

'Fakulti Teknikal dan Vokasional, Universiti Pendidikan Sultan Idris, Malaysia.
(Email: roselidyawati@moe.edu.my)

%Fakulti Teknikal dan Vokasional, Universiti Pendidikan Sultan Idris, Malaysia.
(Email: cheghani@ftv.upsi.edu.my)

3Fakulti Hospitaliti dan Pelancongan, Kolej Vokasional Besut, Malaysia.
(Email: nasir.yaacob@moe.edu.my)

Article history To cite this document:

Received date : 15-4-2025 Mohd Rokeman, N. R., Che Kob, C. G., & Mohd
Revised date  : 16-4-2025 Yaacob, M. N. (2025). Exploring the synergy of
Accepted date : 25-6-2025 Augmented Reality and TVET: Enhancing engagement
Published date : 24-9-2025 and skill development. Jurnal Penyelidikan Sains

Sosial (JOSSR), 8 (28), 1 - 16.

Abstract: The integration of Augmented Reality (AR) into Technical and Vocational Education
and Training (TVET) has the potential to significantly enhance teaching and learning
outcomes. This paper synthesizes recent literature, focusing on methods such as PAR
(participatory action research fo evaluate AR's adaptability in TVET contexts. Recent articles
from 2020 to 2024 highlight various AR applications that foster interactive learning, improve
skill acquisition, and provide immersive experiences that traditional teaching methods often
lack. Analysis reveals that AR facilitates experiential learning, allowing students to visualize
complex technical processes and engage with realistic simulations. Findings indicate a positive
correlation between AR use and student motivation, knowledge retention, and practical skill
development. However, challenges such as technological accessibility, instructor training, and
curriculum integration persist. Recommendations include promoting professional development
for educators in AR technologies, ensuring infrastructure support, and incorporating AR into
diverse training modules to maximize its educational benefits. Emphasizing the importance of
continuous research and development in this domain is crucial to identify best practices and
tailor AR applications to meet industry demands and improve graduate employability. Overall,
AR stands as a transformative tool in TVET education, meriting deeper exploration and wider
implementation.

Keywords: augmented reality (AR), technical and vocational education and training (TVET),
teaching and learning, digital era, virtual reality (VR)
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Introduction

The utilization of digital technology and applications by TVET educators has become a critical
necessity for delivering interactive and innovative teaching and learning experiences. The
digital age generation, particularly Generation Z, are ardent social media users who prefer
information delivery that is focused and engaging. This generation demonstrates a strong
inclination towards digital mediums for exploring new knowledge and skills. Consequently,
TVET instructors must develop more interactive teaching skills that align with the needs and
preferences of Generation Z. This necessitates mastering new competencies such as developing
more interactive digital teaching materials, game-based training, exploratory learning, and
experimental approaches as alternative teaching mediums. The use of augmented reality (AR)
and virtual reality (VR) in training represents a potentially transformative method for delivering
interactive learning experiences (Celik & Baturay, 2024; Mohd Rokeman et al., 2024).

Technical and Vocational Education and Training (TVET) must adapt to the evolving demands
of the Industrial Revolution and the Digital Era. The rise of various digital applications and
technological tools poses significant challenges within the TVET educational framework.
Among the most widely adopted technologies in industry are augmented reality (AR) and
virtual reality (VR), both of which symbolize some of the most groundbreaking advancements
in recent times. These innovations hold considerable promise for transforming educational
systems. Recent years have seen a notable increase in the application of AR and VR in
education, providing numerous opportunities for technology-enhanced learning (Tan et al.,
2022). AR and VR offer students engaging digital experiences that traditional teaching methods
cannot achieve. These technologies facilitate deeper interaction with complex materials,
moving beyond the confines of conventional lectures and textbooks (Sun et al., 2022).
Furthermore, they empower educators to tailor content to accommodate diverse learning styles
(Childs et al., 2021). Research from the University of the West of Scotland suggests that AR
and VR can improve various learning outcomes, including comprehension, retention, student
engagement, focus, and motivation.

These methods not only stimulate students' cognitive abilities but also provide opportunities for
self-directed learning based on individual efforts to achieve predetermined competency levels.
Advanced educational institutions provide students with the freedom to master new skills
through experimental methods, creative project development, innovation, and expertise sharing
with skilled individuals.

Problem Statement

Research on enhancing engagement and skill development in Technical and Vocational
Education and Training (TVET) highlights several critical areas that require further attention to
strengthen the impact and relevance of TVET programs. One of the main issues is the lack of
alignment between the skills taught in TVET institutions and those actually needed by
industries, which hampers graduates' employability. Additionally, there is limited integration
of modern technologies and innovative teaching approaches that can boost student engagement
and better prepare learners for today’s dynamic job market. These gaps point to the need for
more comprehensive strategies that connect training more closely with industry requirements
while also fostering active and meaningful learning experiences for students.

Despite growing attention to Technical and Vocational Education and Training (TVET), there
remains a clear research gap in understanding how to effectively enhance student engagement
and skill development in ways that align with real-world industry needs. Existing studies, such
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as those by Alam et al. (2024) and Hassan & Anees (2024), point to a significant mismatch
between the competencies TVET graduates acquire and the expectations of employers, as seen
in countries like Bangladesh and Pakistan. While these findings highlight structural issues—
such as fragmentation within the TVET system and oversupply of certain skills—they stop short
of exploring practical, evidence-based strategies for improving student engagement and hands-
on skill acquisition. This gap underscores the need for research that not only identifies the
challenges but also offers actionable approaches to bridge the disconnect between training
institutions and the evolving demands of the job market.

The critical question remains: What is the impact of Augmented Reality on student learning
and engagement in TVET education? And What are the barriers and challenges beyond
technology access that affect the implementation of Augmented Reality in TVET education?
The ultimate goal is to produce skilled, competent youth with high market competitiveness in
TVET fields. Moreover, this approach can elevate TVET instructors' professional status by
enhancing their digital technology adaptation capabilities.

A holistic approach must be implemented to establish TVET educators' readiness in the digital
era, ensuring that skills training remains relevant and meets current industry requirements. The
strategic integration of technology and interactive training can not only maintain Generation
Z's interest but also foster creativity and innovation. By embracing these transformative
approaches, TVET education can effectively bridge the gap between traditional teaching
methods and the dynamic, technology-driven learning expectations of the contemporary
workforce.

Literature Review

The Evolution of Augmented Reality (AR) and Virtual Reality (VR)
Many organizations now utilize augmented reality (AR) technology to enhance employee safety
through virtual training simulations and to visualize equipment functionality before it is built.
In comparison, virtual reality (VR) is a significant technological advancement that has
transformed how we interact with and experience digital environments (Velev & Zlateva,
2017). Through the use of sophisticated computer graphics, motion sensors, and display
technologies, VR enables users to fully immerse themselves in realistic simulations of both real
and imagined worlds. This technology has significantly contributed to various sectors,
including gaming, education, healthcare, and real estate (Kaminska et al., 2019). As Mufioz-
Saavedra et al. (2020) noted, augmented reality (AR) can be described as a technique that
overlays additional information onto the real world. This AR concept allows us to define
techniques and applications and to focus on technology development (Nincarean et al., 2013).

Augmented Reality (AR) Mixed Reality Virtual Reality (VR)

Real Environment Virtual Environment

Figure 1: Virtual Continuum
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The term "virtuality continuum," as defined by Milgram & Kishino (1994), refers to a spectrum
that spans from actual reality to computer-generated virtual reality. Within this continuum of
virtuality, there exists a subset known as mixed reality, which encompasses all experiences that
lie between the real world and a completely virtual environment (see Figure 1).

Comparison Table Between AR And Traditional Methods In TVET

Integrating Augmented Reality (AR) into Technical and Vocational Education and Training
(TVET) presents a transformative shift from conventional teaching practices. While traditional
methods continue to play an important role in building foundational knowledge, they often fall
short in delivering the interactive and engaging experiences that AR can provide. The
comparison table below outlines the major distinctions between AR and traditional approaches
in TVET, with particular emphasis on student engagement, practical skill development, cost
considerations, and accessibility. This comparison highlights the potential of AR to modernize
TVET education by enhancing engagement, improving practical skill development, and
increasing accessibility—while also noting the challenges related to infrastructure and
implementation.

Table 1: Comparison table between AR and traditional methods in TVET

Aspect AR Methods Traditional Methods

Engagement and -Provides immersive and -Relies on static content like

Interactivity interactive learning textbooks and lectures, which may
environments (Familoni & not engage students -effectively
Onyebuchi, 2024). (Verian, 2024).

-Enables real-time interaction

with digital content, enhancing

student interest (Darmawan &

Komaro, 2023).
Skill Development -Enhances  practical  skill -Provides theoretical foundations
and Knowledge development through hands-on but lacks opportunities for practical
Retention virtual ~ simulations (Leong, application and may result in lower

2024). retention (Verian, 2024).

-Improves knowledge retention

via memorable, experiential

learning (Familoni &
Onyebuchi, 2024).
Cost and -Reduces long-term costs by -Involves lower startup costs but
Infrastructure minimizing the need for may incur ongoing material
physical materials (Burns et al., expenses (Leong, 2024).
2022).

-Requires initial investment in
technology and teacher training
(Indarta et al., 2024).

Accessibility and -Enhances accessibility by -May be limited by physical

Inclusivity offering virtual access to location, availability of resources,
training, breaking geographical and less adaptable to varied learning
barriers (Leong, 2024). styles (Verian, 2024).
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The Significance of AR and VR Application in in Modern Education

The application of augmented reality (AR) and virtual reality (VR) in the field of Technical and
Vocational Education and Training (TVET) has yielded positive implications. One of the
proven positive implications of using AR is that it provides an interactive, productive, and
engaging method of teaching and learning in its delivery content. The immersive nature of VR
has been associated with improved retention of learning materials, as students are more likely
to remember information presented in an engaging and interactive format (Gaikwad & Mulay,
2024).

Additionally, the use of AR and VR technologies is more focused and targeted, as the objectives
of the delivery are clearer. The context of the information is also easier to comprehend and
captures students' interest (Lee, 2012). Studies have demonstrated that AR and VR can
significantly enhance learning outcomes by integrated the learning experience more attractive
and real. For example, AR media developed for fifth-grade students showed a significant
improvement in learning outcomes, with average scores increasing from 50 to 85 in pre-test
and post-test evaluations (Damayanti & Putra, 2024). However, it is essential to consider
design, accessibility, and pedagogical strategies to optimize the effectiveness of these
technologies in educational settings (Sun et al., 2024).

Methodology

This literature review conducts a thorough analysis of prior research by assessing a wide variety
of pertinent documents, which include journal articles, seminar proceedings, magazines,
newspapers, books, and online resources (Galvan, 2017), following the narrative review
methodology outlined by Demiris et al. (2019). Due to the explanatory focus of this research,
the study predominantly utilizes secondary data collection methods. Secondary data, defined as
information "previously gathered and organized by other sources" (Bhattacharjee, 2012), is
employed to provide a deeper insight into the research topic and to evaluate the work of earlier
researchers in the same field. This study utilizes textbooks, internet-based resources, and
electronic databases to establish the essential scientific framework and to access relevant
journals and articles.

Searching Relevant Selection Criteria

Information
Review Paper Mix Information
Data Analysis Conclusions

Figure 2: Research Methodology
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This paper integrates research findings and relevant literature, offering potential explanations
for these results and briefly addressing their implications for both research and practice. The
presentation of findings is organized chronologically, utilizing a narrative review approach.
This narrative review provides a comprehensive overview of the broader topic under
investigation, facilitating an in-depth exploration of themes and trends over time (Sukhera,
2022). Narrative reviews allow for a wide-ranging exploration of topics, accommodating
diverse types of studies and evidence. This flexibility is particularly useful for synthesizing
complex or under-researched topics, where a comprehensive understanding is needed rather
than a narrow focus (Sukhera, 2022). By employing this methodology, the study seeks to deliver
a detailed and structured analysis of the existing literature, thereby enhancing the understanding
of the research topic and its implications in both theoretical and practical settings.

Search strategy
The search strategy employed emphasizes participatory action research (PAR), which promotes
collaboration between researchers and participants, thereby enhancing the relevance and
applicability of findings in real-world contexts. Demiris et al. (2019) offer a comprehensive
guide for conducting narrative reviews, detailing a step-by-step process that includes:

A thorough literature search was performed across multiple electronic databases, such as
Scopus, Google, and Google Scholar, to collect pertinent studies. Google Scholar was
specifically included due to its extensive array of scholarly documents, ensuring a
comprehensive review of the literature. Key terms were identified to optimize the retrieval of
relevant studies, with primary keywords including "augmented reality," "TVET,"
"engagement," and "skill development." Variations of these terms included combinations such
as "AR in vocational education," "enhancing engagement in TVET," and "impact of augmented
reality on learning." A total of 1671 publications were excluded based on specific parameters
outlined.

The search was further refined by applying specific inclusion criteria: publications from 2020
to 2024, studies that explored AR within the context of TVET, and peer-reviewed journal
articles, books, theses, and conference proceedings. For the next stage, a total of 50 articles
were considered, and their titles and primary findings were meticulously reviewed to ensure
alignment with the inclusion criteria and relevance to the study's objectives.

Following the compilation of articles, duplicates were eliminated, and abstracts were reviewed
for relevance. Key information was extracted to address the research objectives, emphasizing
central themes and findings regarding the role of AR in enhancing engagement and skill
development. Based on empirical data, 16 reports (n=16) were excluded due to insignificant
titles or abstracts unrelated to the study's aim. Consequently, only 16 articles were deemed
suitable for further evaluation. The methodologies employed in the research were analysed,
trends in AR usage were identified, and gaps in the existing literature that the current study
could address were highlighted.

Results And Discussion

Data extraction was carried out to enable a structured comparison of the literature that met the
established inclusion criteria (Bevan et al., 2020). This process involved organizing information
from the study instruments according to predetermined categories. Based on the thematic
qualitative analysis that has been carried out, there are two main themes or elements that
emerged from the analysis. The two main elements are: 1) augmented reality's impact on student
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learning and engagement, and 2) the barriers and challenges of technology on augmented reality
in TVET education. Furthermore, the selected articles were thematically categorized in
alignment with the research objectives. The analysis revealed that the studies primarily focused
on the theme of augmented reality in TVET in enhancing engagement and skill development

(see Table 2).

Table 2: Summary of Studies on Augmented Reality (AR) and Virtual Reality (VR) in
TVET and Educational Contexts

No. Research Title Author(s) Methods Findings

1 Unlocking Ferrari, E., Quasi- The use of AR makes
the cosmos: Teijon, P. H.,, &  experimental Science, Technology,
evaluating Ruiz, C. design Engineering, and
the efficacy Mathematics (STEM)
of augmented learning more engaging
reality compared to traditional
in secondary teaching methods.
education
astronomy
instruction (2024)

2 Transforming Yose Indarta, PRISMA AR boosts engagement
Vocational Ambiyar, systematic and theory-practice
Education through ~ Fadhilah Muzer, review integration in vocational
AR (2024) et al. education; limited by

infrastructure and

teacher training gaps.

3 Challenges of

Eric Hawkinson,

Narrative inquiry

XR adoption hindered

Implementing XR ~ Mehrasa (interviews, by cost, training, content
in Education Alizadeh, observations) development, and
(2024) Patrizia Anesa, infrastructure, yet holds
et al. transformative
educational potential.

4 AR in Industry 4.0  Ginés Morales Systematic AR supports industrial
Assistance and Méndez, review, training through
Training (2024) Francisco del bibliometric immersive, visual, and

Cerro Velazquez analysis interactive tools; focus
on addressing
implementation
challenges.

5 Enhancing Wai Yie Leong  Case studies, VR offers safe, efficient
Practical Skills pilot programs skill training, improving
through VR in engagement, retention,
TVET (2024) and accessibility.

6 AR for Inclusive Kezia Herman Systematic Effective AR use needs
Growth in Mkwizu, review with digital readiness and
Education (2024) Ritimoni statistical access; challenges

Bordoloi analysis include untrained

educators and students'
preference for hands-on
learning.
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7 Barriers and Baraa Albishri, Systematic Enablers: pedagogy,
Enablers of AR Karen L. review of 27 engagement, skills.
Adoption (2024) Blackmore reviews Barriers: cost, technical

issues, negative
attitudes. Some factors
are context-dependent.

8 Challenges to AR Gamal Kusuma  Bibliometric Main challenges:
Adoption in Zamabhsari, review (Scopus, technology, user
Education (2024) Mufidah Nur Vosviewer) readiness, AR content

Amalia, Lailatul creation, and curriculum
Rifah, et al. alignment.

9 Extended Reality Agariadne Bibliometric XR enhances learning
in Education: Dwinggo analysis (32 through immersive
Trends & Samala, LjubiSa articles) features; key barriers
Challenges (2024)  Boji¢, Soha include cost, technical,

Rawas, et al. and infrastructure
issues.

10 Emerging Jorge Luis Puyol Literature review Al and AR personalize
Technologies in Cortez (Scopus, WoS) and expand access to
21st Century learning; key barriers
Education (2023) include digital divide,

teacher training, and
institutional resistance.

11  Inclusive AR/VR:  Chris Creed, Stakeholder Accessibility often
Accessibility Maadh Al- workshops overlooked; barriers
Barriers (2023) Kalbani, Arthur ~ (multidisciplinary include high cost, poor

Theil, et al. sandpits) inclusive design, and
lack of user
representation.

12 AR: Usability and  Ratna Zuarni PRISMA review SUS is the main
Learning Ramli, Wan of 48 studies evaluation tool; key
Experience (2023)  Zakiyatussariroh, aspects include

Ahmed M.S. satisfaction and

Elaklouk, et al. engagement; limitations
include technical and
data issues.

13  Making VR/AR Anand Sarangam Review of Major barriers: reliance
Accessible for technologies and on senses and physical
Impairments obstacles input; emerging
(2022) solutions include haptics

and voice interfaces.

14  Teachers' Views on Maria Perifanou, Open-ended Teachers see AR’s value
AR in Education Anastasios global survey but cite barriers: app
(2022) Economides, (Qualtrics) scarcity,  cost, low

Stavros Nikou digital  skills, and
management/ethical
concerns.
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15  Critical Outlook on Carlos Baptista ~ PRISMA and Focus is mostly on

AR in Education De Lima, Sean content analysis learners; lacks studies
(2022) Walton, Tom of 169 papers on adoption and
Owen integration; few use co-

design methods.
16 AR in Engineering Dana Al Akil, Literature review AR has strong potential
Curricula (2020) Vian Ahmed, in engineering
Sara Saboor education; better system

design  needed  for
broader implementation.

The Augmented Reality's Impact on Student Learning and Engagement
Augmented Reality (AR) has revolutionized conventional educational settings, offering
interactive and immersive experiences that boost student engagement and understanding. A
primary application of AR in education is visualization, which allows for the presentation of
intricate or abstract concepts—Ilike human anatomy or molecular structures—in interactive,
three-dimensional forms. This approach enhances student comprehension by enabling them to
explore models from various viewpoints, thereby cultivating spatial awareness and knowledge
retention (Chen et al., 2020). Another significant application is gamified learning, which
incorporates game mechanics into educational content through AR. AR-based educational
games, such as virtual field trips or scavenger hunts, increase motivation and engagement,
especially among younger learners, by combining entertainment with learning objectives.

As an illustration, AR applications like Zookazam enable students to bring animals to life on
their mobile devices, enriching their zoological studies through engaging, interactive
encounters. Furthermore, AR facilitates collaborative learning by allowing numerous students
to concurrently interact with the same virtual object, promoting teamwork and learning among
peers. In Spain, AR applications have been effectively implemented to teach astronomy to
secondary school students, resulting in marked enhancements in academic outcomes and
making STEM subjects more attractive in comparison to traditional teaching approaches
(Ferrari et al., 2024).

Moreover, AR applications such as Merge Cube facilitate collaborative learning by providing
a three-dimensional object that students can manipulate together, thereby enhancing the
interactive nature of subjects like geometry and history. AR is also essential in simulation-based
education, particularly within STEM fields and vocational training. For example, AR-enhanced
virtual laboratory environments enable students to safely perform chemical experiments or
practice engineering tasks without the potential for injury (Bacca et al., 2014). This
methodology has demonstrated considerable advantages, especially in remote educational
contexts.

The Synergy Between Augmented Reality and TVET
AR technology bridges the gap between theoretical knowledge and practical application,
offering a dynamic learning environment that aligns with the objectives of TVET programs.
This integration not only improves the learning process but also addresses various challenges
faced by traditional teaching methods in vocational training. AR provides an interactive
platform where trainees can explore complex components, such as microcontrollers, through a
user-friendly interface, enhancing their understanding and retention of information (Owoko,
2024). The use of AR in vocational training allows for virtual experiments and practical-based
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learning, which are crucial for skill development and employability (Ascigil-Dincer, 2022). AR
enables the simulation of dangerous work environments, allowing students to practice safety
operations without the risk of injury. This is particularly beneficial in fields like electrical and
mechanical services (Vajkic et al., 2023).

By simulating real-world scenarios, AR helps students develop critical skills and decision-
making abilities that are essential in their respective industries (Lamonaca et al., 2024). AR
supports learner-managed and collaborative learning, giving students greater control over their
learning process and encouraging reflection-in-action (Lester & Hofmann, 2020). The
technology fosters a sense of community among learners, promoting social engagement and
collaborative learning experiences (Lamonaca et al., 2024). The use of AR in peer tutorial
project learning models has shown significant improvements in 21st-century skills, including
critical thinking, creativity, collaboration, and communication, compared to traditional learning
models (Arpan et al., 2024).

Extended Reality (XR), which includes AR and VR, supports the development of soft skills and
increases accessibility to vocational training. This is particularly important for adult learners
seeking to improve their workforce mobility (Boland, 2023). XR platforms facilitate faster
knowledge acquisition and skill validation, contributing to improved learning equity and
opportunities for upward mobility in the workforce (Herdegen, 2023). Additionally, ensuring
alignment with educational objectives and addressing safety concerns are critical for successful
integration (Sankar & David, 2024).

The Barriers And Challenges Beyond Technology Access On Augmented Reality In Tvet
Education

Augmented Reality (AR) holds significant promise for transforming Technical and Vocational
Education and Training (TVET), yet its effective implementation is hindered by more than just
access to technology. Challenges such as cognitive load, pedagogical limitations, infrastructure
constraints, and accessibility concerns must be carefully considered. Gaining a deeper
understanding of these barriers is essential for crafting practical and sustainable strategies to
successfully integrate AR into TVET learning environments.

Cognitive and Pedagogical Challenges

One of the key challenges in integrating Augmented Reality (AR) into TVET education lies in
managing cognitive load. While AR aims to enrich learning, it can sometimes overwhelm
students with simultaneous visual and interactive stimuli, especially in subjects that are already
complex (Yépez, 2024). Additionally, the lack of targeted training for educators poses a
significant barrier. Teachers often struggle with incorporating AR into their pedagogy in
meaningful ways, which can diminish its intended impact (Yépez, 2024; Indarta et al., 2024).
Furthermore, curriculum design remains a hurdle. Creating learning materials that balance
traditional instruction with AR-enhanced experiences requires careful planning and institutional
support—resources that are not always readily available (Albishri & Blackmore, 2024).

Infrastructural and Resource Barriers
The successful implementation of AR in TVET depends heavily on reliable infrastructure, such
as high-speed internet and up-to-date hardware. However, these resources are often limited or
unavailable, especially in underfunded or rural institutions (Mkwizu & Bordoloi, 2024). Cost
is another critical barrier—acquiring AR devices, maintaining technological infrastructure, and
training staff demand financial investments that many schools may find difficult to afford
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(Albishri & Blackmore, 2024). Without sufficient funding, even the most promising AR
initiatives can fail to move beyond pilot stages.

Accessibility and Inclusivity Issues

While AR has the potential to enhance learning, its benefits are not always equitably distributed.
The digital divide continues to affect students in low-resource settings who lack consistent
access to digital tools and connectivity (Mkwizu & Bordoloi, 2024; Cortez, 2023). Moreover,
many AR applications are not designed with inclusivity in mind. Heavily reliant on visual and
auditory cues, they often fail to accommodate learners with disabilities, such as those with
visual, hearing, or mobility impairments (Sarangam, 2022; Creed et al., 2023). Addressing these
inclusivity gaps is essential to ensure AR technology supports all learners, regardless of
background or ability.

Stakeholder Engagement and Institutional Resistance

Another layer of complexity in AR adoption stems from the need for stakeholder engagement.
Teachers, administrators, and policymakers may resist adopting AR due to skepticism, lack of
awareness, or discomfort with new technologies (Hawkinson et al., 2024). Without their
support, even well-designed AR programs may struggle to gain traction. Institutional policies
also play a crucial role. In many cases, schools lack clear policies that encourage AR use or
provide frameworks for its integration. Supportive policy environments are necessary to create
a culture that values innovation while ensuring proper guidance and accountability (Yépez,
2024).

Although AR offers great potential for improving TVET education, its implementation faces
several complex challenges. Overcoming these barriers calls for strategic investment, teacher
training, inclusive policies, and strong stakeholder collaboration. With a coordinated approach,
AR can still play a transformative role in the future of education.

Transformative Potential of VR And AR In Education: Immersive Learning and Future
Directions

Virtual Reality (VR) and Augmented Reality (AR) offer immersive environments that enable
students to interact with content in ways that traditional methods cannot, such as through virtual
field trips and simulations (Analyti et al., 2024; Mahmoudi-Dehaki & Nasr-Esfahani, 2024).
These technologies facilitate experiential learning, allowing students to visualize and explore
complex concepts through practical, hands-on experiences (Analyti et al., 2024; Sun, 2024).

Moreover, augmented and virtual reality technologies enable educators to simulate real-life
scenarios, create immersive learning environments, and offer students hands-on experiences
that connect theoretical knowledge with practical application. With ongoing advancements in
these technologies, it is anticipated that they will fundamentally change the teaching and
learning processes. Therefore, schools are urged to allocate more time, resources, and training
to effectively integrate these technologies into their curricula.

Augmented reality can enhance textbooks by incorporating interactive diagrams, while virtual
reality can provide immersive simulations that allow students to experience real-world
scenarios in a safe setting. These advancements seek to overcome the limitations of traditional
classroom environments, simultaneously increasing engagement among learners. Researchers
and scholars are encouraged to further explore these developments and investigate effective
methods for their implementation in education. There is a growing body of research on AR and
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VR in education, with significant contributions from countries like the United States and China
(Rullyana & Triandari, 2024; Nasrullah et al., 2024). Bibliometric analyses indicate a rising
trend in publications, suggesting increasing interest and investment in these technologies for
educational purposes (Rullyana & Triandari, 2024; Nasrullah et al., 2024).

Conclusion

The convergence of education and technology brings both immense possibilities and notable
challenges. As we move through this dynamic terrain, it is essential to focus on authenticity,
ensuring that advancements are grounded in the genuine needs and contexts of learners.
Technologies such as AR, VR, Al and blockchain have the potential to revolutionize education,
but their effectiveness depends on thoughtful implementation that accounts for the diverse
backgrounds and experiences of students.

Educators must carefully assess how these tools are used, understanding that technology alone
cannot address the deep-rooted issues of educational inequality. A collaborative effort among
educators, students, and policymakers is vital to create inclusive, equitable, and meaningful
learning environments. By harnessing education as a force for transformation, we can strive for
a future that balances innovation with sustainability and fairness, ensuring every learner has the
opportunity to succeed in an ever-evolving world. Through intentional and purposeful action,
we can turn the promise of technology into a reality that enriches education for all, echoing
Nelson Mandela’s belief in education as a powerful tool for change.
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