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Abstract. In the era of Society 5.0, vocational education must evolve to meet
the rapidly shifting demands of global labor markets by equipping students with
future-ready skills. Immersive technologies, including Virtual Reality (VR),
Augmented Reality (AR), and Mixed Reality (MR) offer innovative solutions
that can transform polytechnic education. This literature review critically exam-
ines the role of these technologies in modernizing polytechnic curricula by as-
sessing their applications, benefits, and challenges. The study explores the inte-
gration of VR, AR, and MR into polytechnic education to create interactive,
immersive learning environments that bridge the gap between theory and prac-
tice. These technologies enhance student engagement and motivation and pro-
vide hands-on experiences through simulations, leading to improved technical
proficiency and deeper learning retention. Additionally, immersive environ-
ments enable students to practice in simulated real-world scenarios, fostering
critical thinking and problem-solving skills essential for the future workforce.
Despite these advantages, several challenges hinder the widespread adoption of
immersive technologies. Key barriers include high implementation costs, the
need for robust infrastructure, the scarcity of skilled educators, and the limited
availability of high-quality, localized content. The review also presents case
studies of successful implementation and outlines best practices that can guide
polytechnic institutions in overcoming these obstacles. In conclusion, immer-
sive technologies represent a significant opportunity to revolutionize vocational
education, preparing students for the dynamic demands of the modern work-
force. This review gives suggestions for how educators, policymakers, and in-
dustry players can make it easier for immersive technologies to be used, which
will make education more flexible and open to new idea.

Keywords: Immersive technology, Polytechnic education, Vocational training,
Society 5.0, Virtual reality, Augmented reality, Mixed reality, Learning innova-
tion.

1 Introduction

The global landscape of vocational education is undergoing a profound transfor-
mation as countries transition toward the framework of Society 5.0. This paradigm
imagines a society where technological progress, especially in artificial intelligence,
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automation, and digitalization, is deeply integrated into social systems, with a focus
on people's well-being and their ability to solve problems [1]. In this context, voca-
tional and polytechnic education systems are very important for giving students the
skills they will need in the future to meet the changing needs of the workforce. As
technological innovations reshape industries, there is a pressing need to modernize
educational approaches, enabling students to adapt to new tools and methodologies
[2].

One promising avenue for this educational transformation is the incorporation of
immersive technologies such as Virtual Reality (VR), Augmented Reality (AR), and
Mixed Reality (MR) into learning environments. These technologies provide interac-
tive, simulated experiences that allow students to bridge the gap between theoretical
knowledge and practical application [3]. The potential of MR to deliver realistic,
hands-on training experiences has gained traction in recent years, particularly within
technical and vocational education settings, where practical skills are paramount [4].

Even though there is more and more evidence that immersive technologies can
improve student engagement and learning outcomes, they are still not widely used in
polytechnic education for a number of reasons. Implementation costs that are too
high, the need for specialized infrastructure, a lack of teachers who know how to use
these technologies, and limited access to content that is tailored to each country are all
big problems [5]. Furthermore, the lack of an expensive framework for integrating
immersive technologies into established curricula hinders widespread adoption across
vocational institutions [6].

This study addresses these by conducting a systematic literature review on apply-
ing VR, AR, and MR in polytechnic education. This study looks at the current state of
integrating immersive technology, looks at successful case studies, and finds the best
ways to do things. The goal is to give teachers and policymakers useful information
for getting around problems and encouraging new ideas in vocational training. Ulti-
mately, the goal is to highlight the transformative potential of immersive technologies
in preparing students for the dynamic and increasingly digitalized labor markets of the
future.

2 Literature Review

2.1  The Evolution of Vocational Education in the Era of Society 5.0

The concept of Society 5.0, introduced by Japan, envisions a future where technologi-
cal innovation is integrated into every aspect of life, fostering economic growth and
solutions to social issues [1]. As industries embrace automation, artificial intelligence,
and digitalization, there is a growing demand for workers who possess technical skills
and the ability to work in increasingly digital environments [5]. Historically focused
on hands-on, skill-based training, traditional vocational education must now evolve to
meet these demands. Scholars argue that integrating digital tools into vocational edu-
cation can bridge the gap between conventional practices and future workforce needs

[2].
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The emergence of Society 5.0 positions vocational institutions at the forefront of
preparing students for a rapidly evolving labour market. Several studies emphasize
that this shift is necessary and urgent, as educational systems worldwide must adjust
to equip students with skills that transcend physical labour and incorporate digital
literacy, problem-solving, and critical thinking [3]. These demands require vocational
education to modernize its approaches, with immersive technologies offering a poten-
tial solution.

2.2  Immersive Technologies: Virtual, Augmented, and Mixed Reality in
Education

Immersive technologies—Virtual Reality (VR), Augmented Reality (AR), and Mixed
Reality (MR)—have gained attention as innovative tools that can significantly en-
hance educational experiences. VR provides fully immersive, computer-generated
environments where learners can interact with 3D objects, while AR overlays digital
content onto the real world, allowing for blended learning experiences. Combining
elements of MR provides for interaction with virtual objects in real-world settings [4].

Over the past decade, researchers have explored the potential of immersive tech-
nologies to revolutionize education by creating engaging and interactive learning
environments. Technical education has employed VR and AR to simulate real-world
scenarios, enabling students to practice skills in a safe and controlled environment.
According to [2], these tools offer unparalleled opportunities for experiential learning,
particularly in fields such as engineering, healthcare, and vocational training, where
hands-on practice is essential.

Several studies have demonstrated the effectiveness of VR and AR in improving
learning outcomes, such as retention, comprehension, and student engagement. For
example, [3] found that students using VR in technical education displayed higher
levels of engagement and performed better on practical assessments than in traditional
classroom settings. Meta-analyses support these findings by suggesting immersive
technologies contribute to increased motivation and a deeper understanding of com-
plex concepts [4].

2.3  Benefits of Immersive Technologies in Polytechnic Education

Immersive technologies offer numerous benefits, particularly in polytechnic educa-
tion, where the focus is on equipping students with practical, job-ready skills. Firstly,
immersive environments facilitate the integration of theory and practice for learners.
By simulating real-world conditions, VR and AR allow students to apply theoretical
knowledge practically, enhancing their technical skills [2].

In addition, these technologies promote active learning and increase student en-
gagement. Research suggests immersive learning environments are more stimulating
than traditional lecture-based methods, helping students remain focused and motivat-
ed throughout the learning process [4]. Moreover, VR and AR simulations provide a
safe space for students to practice high-risk or complex procedures without fearing
costly or dangerous mistakes, which is particularly valuable in fields like mechanical
engineering and power electronics [3].
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Immersive technologies also allow for personalized learning experiences. Instruc-
tors can tailor VR/AR simulations to address the specific needs of individual students,
offering more targeted feedback and support. As a result, students can progress at
their own pace, revisiting concepts and refining their skills as needed [5].

2.4  Challenges in the Implementation of Immersive Technologies

While the potential benefits of VR, AR, and MR in polytechnic education are clear,
several challenges hinder their widespread adoption. One of the most significant bar-
riers is the high cost of implementing these technologies. VR and AR hardware, soft-
ware, and infrastructure are expensive, particularly for institutions that may already be
operating on limited budgets [6]. Additionally, ongoing maintenance and upgrades
further increase the financial burden on educational institutions [5].

Another challenge is the lack of skilled educators who can effectively integrate
immersive technologies into the classroom. As noted by [2], many instructors lack the
technical expertise to operate VR/AR systems or design meaningful learning experi-
ences using these tools. These skills gaps limit the effectiveness of immersive tech-
nology and contribute to resistance among faculty who may be hesitant to adopt un-
familiar teaching methods.

Furthermore, the limited availability of high-quality, localized content is a recur-
ring issue in many regions. Most VR and AR educational content is developed for
specific markets or disciplines, making it difficult for polytechnic institutions world-
wide to find resources relevant to their local industry needs and academic standards
[6].

Despite these challenges, researchers have proposed several strategies for over-
coming these obstacles, including public-private partnerships to share costs, profes-
sional development programs for educators, and collaborative efforts to create open-
source VR/AR content tailored to local contexts [5].

3 Research Methodology

A systematic literature review method was used to look into how immersive technol-
ogies (like virtual reality, augmented reality, and mixed reality) can help bring poly-
technic education up to date. A systematic literature review is an in-depth and fair
summary of all the research that has already been done. It helps find patterns, gaps,
and the best ways to use immersive technologies in vocational training.

3.1 Research Design

The study used a structured method with three main steps: (1) finding relevant stud-
ies; (2) choosing which ones to include and which ones to leave out; and (3) collect-
ing and analyzing data. The systematic literature review was conducted in alignment
with established guidelines for systematic reviews in educational research [7].
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3.2 Teacher Job Satisfaction

The literature search used multiple academic databases, including Scopus, IEEE
Xplore, Google Scholar, and Web of Science. These databases were chosen due to
their comprehensive technology, education, and vocational training literature cover-
age. The search terms used included:

"Virtual Reality in vocational education"
"Augmented Reality in polytechnic education"
"Mixed Reality for skills training"

"Immersive technologies and learning outcomes"
"Vocational training Society 5.0"

"Challenges of VR/AR in education"

mo a0 o

Boolean operators (AND, OR) were employed to combine search terms and refine
the results. The search was limited to peer-reviewed journal articles, conference pa-
pers, and reputable academic sources published between 2010 and 2024, reflecting
the most recent advancements in immersive technology applications.

3.3  Emotional Intelligence

To ensure the relevance and quality of the literature reviewed, the following inclusion
and exclusion criteria were applied:

Inclusion Criteria. (a) Studies published in peer-reviewed journals or conferences,
(b) Research focused on applying VR, AR, or MR in polytechnic or vocational educa-
tion settings, (c) Studies evaluating immersive technologies' effectiveness, benefits, or
challenges in education, (d) Articles published in English between 2010 and 2024.

Inclusion Criteria. (s) Studies focusing exclusively on K-12 education or non-
vocational higher education, (b) Research on immersive technologies unrelated to
education (e.g., entertainment, healthcare, and training), (c)Non-peer-reviewed
sources, such as opinion articles, editorials, or blog posts, (d) Studies published before
2010, given that significant technological advancements in immersive technologies
began in the early 2010s.

3.4 Data Extraction and Analysis

After identifying the relevant studies, data extraction was conducted systematically.
Each selected research was reviewed to extract the following information:
a. Study title, authors, and publication year.
b. Type of immersive technology (VR, AR, MR) examined.
c. Educational context (polytechnic, vocational training, etc.).
d. Key findings related to benefits, challenges, and implementation of immersive
technologies.
e. The methodology employed in each study.
f. Any case studies or examples of successful implementations.
We then organized the extracted data into thematic categories to facilitate analysis.
We conducted the analysis in two phases. Firstly, we conducted a descriptive analysis
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of the studies to provide a summary of the current research landscape. Second, a the-
matic analysis was done to look for patterns, common themes, and gaps in the re-
search. This analysis focused on the pros, cons, and best practices of using immersive
technologies in polytechnic education.

3.5 Limitations

The limitations of this review include the restriction to English-language publications,
which may exclude relevant research from non-English speaking regions. The study's
focus on peer-reviewed literature may also overlook valuable insights from industry
reports or grey literature.

4 Results

The systematic literature review identified and analyzed X studies that met the inclu-
sion criteria. The studies, published between 2010 and 2024, explored the application
of immersive technologies (These findings from the thematic analysis can be broken
down into three main groups: (1) the role of immersive technologies in improving
learning outcomes; (2) the specific benefits of vocational training; and (3) the prob-
lems and issues that stop widespread adoption. (4) the challenges and barriers to
widespread adoption.

4.1 Role of Immersive Technologies in Enhancing Learning Outcomes

Most reviewed studies emphasized that immersive technologies significantly enhance
learning outcomes. Virtual Reality (VR) and Augmented Reality (AR) effectively
provide hands-on, experiential learning experiences essential in vocational and poly-
technic education.

Learning Retention and Engagement. Several studies reported that immersive tech-
nologies improve both learning retention and engagement. For example, [3] found
that students who engaged with VR-based simulations in mechanical engineering
courses demonstrated higher retention of technical concepts than those in traditional
lecture-based courses. Additionally,[4] noted that using AR in electrical engineering
programs increased student motivation and active participation [4].

Learning Retention and EngagemenVR and AR were repeatedly cited as practical
tools for bridging the gap between theoretical knowledge and practical application.
Polytechnic students who used VR simulations in their training developed a deeper
understanding of mechanical processes, which was challenging to achieve through
conventional textbooks and lectures alone [2]. This immersive approach allowed stu-
dents to experiment and interact with digital machinery replicas, enhancing their prac-
tical problem-solving abilities.
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4.2  Benefits of Immersive Technologies in Vocational Training

The results highlighted several key benefits of integrating immersive technologies
into polytechnic curricula, particularly in fields that require extensive practical train-
ing, such as engineering, electronics, and manufacturing.

Safe Learning Environments. One of the immersive technologies' most frequently
cited benefits is their ability to create safe learning environments. Studies such as [6]
emphasized that VR simulations allow students to practice complex and potentially
hazardous tasks, such as operating heavy machinery or working with electrical sys-
tems, without the risk of injury. It was especially beneficial in mechanical and elec-
tronic engineering courses, where real-world practice can involve significant risk.

Enhanced Technical Skills. Several studies documented improvements in students'
technical skills after using immersive technologies. [5] observed that students enrolled
in polytechnic courses incorporating AR for troubleshooting electrical circuits per-
formed better in assessments than students who relied on traditional methods. The
ability to visualize circuits in 3D and interact with virtual components provided stu-
dents with a more intuitive understanding of technical concepts.

Customizable Learning Experiences. Immersive technologies also enable educators
to provide personalized learning experiences. Many studies noted that VR and AR
tools can be adapted to fit the specific needs of individual learners, allowing for dif-
ferentiated instruction. For instance, [3] discussed how VR-based training modules in
automotive engineering could be tailored to offer more advanced simulations for
high-performing students while providing additional guidance for those needing more
support.

4.3  Challenges and Barriers to Adoption

Despite the promising results, the review also identified several significant challenges
that hinder the widespread adoption of immersive technologies in polytechnic educa-
tion.

High Costs of Implementation. One of the most cited barriers across the reviewed
studies was the high cost of implementing immersive technologies. [6] pointed out
that the initial investment required to purchase VR/AR hardware, develop customized
software, and build the necessary infrastructure is often prohibitively expensive for
many institutions. Developing countries, characterized by limited educational budgets
and institutions struggling to justify the high costs of cutting-edge technologies, par-
ticularly face this challenge.

Limited Access to High-Quality Content. Another challenge highlighted by [5] was
the lack of high-quality, localized VR and AR content tailored to specific industries or
regions. Many studies noted that while immersive technologies hold great potential
for vocational training, the current content availability is often insufficient to meet the
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diverse needs of polytechnic institutions. This limitation hampers the ability of educa-
tors to integrate immersive technologies into their curricula.

Technical and Pedagogical Expertise. The shortage of educators skilled in both the
technical and pedagogical aspects of VR and AR integration was also identified as a
critical barrier. [2] found that many polytechnic instructors were hesitant to adopt
immersive technologies due to a lack of familiarity with the tools and perceived com-
plexity in designing immersive learning experiences. This skills gap represents a sig-
nificant challenge, as it limits the effectiveness of technology adoption and leads to
underutilization of available resources.

4.4 Best Practices and Successful Case Studies

Several studies provided examples of successful implementations of immersive tech-
nologies in vocational education. Case studies highlighted the importance of institu-
tional support and collaboration with industry partners in overcoming financial and
logistical barriers [3]. In one case, a polytechnic institution partnered with a local
manufacturing company to co-develop VR training modules for students, allowing
them to practice virtual replicas of machinery used in the industry.

Other best practices identified in the literature include using public-private part-
nerships to share costs, developing open-source VR and AR content to reduce con-
tent-related barriers, and creating professional development programs to train educa-
tors in using immersive technologies effectively [4].

5 Discussion

The results of this systematic literature review show that bringing immersive technol-
ogies like Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR)
into polytechnic education can be both very helpful and very hard. These technologies
offer promising solutions for enhancing learning outcomes, providing hands-on train-
ing experiences, and preparing students for the demands of a rapidly evolving labor
market in the era of Society 5.0.

5.1 Enhancing Learning Outcomes Through Immersive Technologies

One of the most significant insights from the review is the demonstrated ability of
immersive technologies to enhance learning outcomes in polytechnic education. As
many reviewed studies indicate, VR and AR provide opportunities for experiential
learning that surpass traditional lecture-based methods. The immersive nature of these
technologies allows students to engage deeply with complex technical concepts, in-
creasing retention and comprehension [3]. These findings align with previous research
in educational technology, which emphasizes the role of active learning in improving
student performance [4].
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The capacity of immersive technologies to bridge the gap between theory and
practice is precious in vocational settings, where hands-on skills are paramount. The
review found many examples of VR and AR simulations being used to mimic real-life
situations. This let students use what they had learned in the classroom without the
dangers that come with using real tools or dangerous materials [2]. This hands-on
experience is critical in preparing students for the realities of their future professions,
particularly in mechanical engineering, electronics, and manufacturing, where practi-
cal problem-solving skills are essential.

5.2 Challenges to Implementation: Cost, Content, and Expertise

Despite the benefits, the review also highlights several persistent challenges that hin-
der the widespread adoption of immersive technologies in polytechnic institutions.
Chief among these challenges is the high cost of implementation. The financial bur-
den associated with acquiring VR/AR hardware, developing software, and maintain-
ing infrastructure is a significant obstacle, particularly for institutions in developing
countries or those operating with limited budgets [6]. This finding is consistent with
broader discussions in the literature about the digital divide in education, where ac-
cess to cutting-edge technologies is often limited by financial constraints [5].

Another significant barrier is the lack of high-quality, localized content tailored to
the specific needs of polytechnic programs. Many reviewed studies indicated a short-
age of industry-relevant VR and AR simulations, particularly in specialized fields like
power electronics and mechatronics. Without access to appropriate content, institu-
tions struggle to integrate immersive technologies effectively into their curricula [5].
It suggests that more effort is needed to develop customizable and industry-specific
content to meet the diverse needs of polytechnic students.

Furthermore, the review identified a shortage of educators skilled in using immer-
sive technologies as a critical issue. Instructors need to be familiar with the technical
aspects of VR and AR and possess the pedagogical expertise to design meaningful
learning experiences using these tools [2]. This skills gap may lead to underutilization
of the available technology, limiting its potential impact on student outcomes. The
need for professional development and training programs to equip educators with the
necessary skills is evident.

5.3 Best Practices and Potential Solutions

The review also highlights several best practices and potential solutions to mitigate
these challenges. For instance, public-private partnerships between educational insti-
tutions and industry stakeholders emerged as a critical strategy for overcoming finan-
cial barriers. These partnerships allow institutions to share the costs of developing and
implementing immersive technologies while ensuring the content is relevant to indus-
try needs [3]. Moreover, using open-source VR/AR platforms offers a cost-effective
solution for institutions with limited budgets, allowing educators to access a wide
range of resources without incurring high expenses [6].

In addition, several successful case studies demonstrated the importance of institu-
tional support for professional development. Institutions that invested in training pro-
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grams for their instructors reported higher levels of adoption and more effective use
of immersive technologies in the classroom [5]. These findings suggest that address-
ing the technical and pedagogical expertise gap is essential for maximizing the poten-
tial of VR and AR in vocational education.

5.4  Implications for Polytechnic Education in Society 5.0

The findings of this review have important implications for the future of polytechnic
education in the context of Society 5.0. As industries adopt advanced technologies,
the demand for workers with both technical and digital skills will only increase. Im-
mersive technologies offer a unique opportunity to equip students with these skills by
providing realistic simulations of real-world environments, enhancing their technical
abilities and readiness for the workforce [2].

For policymakers, the review underscores the importance of investing in infra-
structure and professional development to support the integration of immersive tech-
nologies. Given the financial and technical challenges identified, targeted funding and
policy initiatives may be necessary to ensure that polytechnic institutions, particularly
in developing regions, can access and implement these technologies effectively. Addi-
tionally, efforts to foster collaboration between educational institutions and industry
will ensure that the content and training provided through VR and AR remain relevant
to labour market demands.

5.5 Limitations and Future Research

While this review provides valuable insights, it is not without limitations. The re-
striction to English-language publications may have excluded relevant studies from
non-English speaking countries, particularly in regions with well-developed polytech-
nic education. Future research could benefit from including a broader range of sources
to provide a more comprehensive global perspective. Moreover, while the review
highlights many benefits and challenges of immersive technologies, there is a need for
more longitudinal studies that assess the long-term impact of VR and AR on student
outcomes in vocational training.

Future research should also explore the development of standardized frameworks
for integrating immersive technologies into polytechnic curricula. Such frameworks
could help guide institutions in designing compelling learning experiences that lever-
age the full potential of VR, AR, and MR [8]. As Al and automation are used more in
schools, future research could look at how these technologies can be combined with
immersive environments to help students learn and be more interested.

6 Conclusion

Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR) are all im-
mersive technologies that are looked at in this study in order to bring polytechnic
education up to date in the context of Society 5.0. The systematic literature review
suggests that these technologies have a lot of potential to improve learning outcomes,
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especially in vocational training, by making learning environments that are more in-
teresting, interactive, and hands-on. Immersive technologies enable students to bridge
the gap between theoretical knowledge and practical application, improving retention,
engagement, and technical skills development.

However, several key challenges hinder the widespread adoption of immersive
technologies in polytechnic institutions. The high costs of VR/AR hardware, the lack
of localized and industry-specific content, and the shortage of educators skilled in
using these tools remain significant barriers. Addressing these challenges requires a
collaborative approach involving educators, policymakers, and industry stakeholders.
Financial and technical problems can be solved with the help of public-private part-
nerships, open-source content platforms, and specialized professional development
for teachers. This way, polytechnic institutions can fully enjoy the benefits of immer-
sive technologies.

The implications of this study are particularly relevant in the context of Society
5.0, where technological advancements are reshaping labor markets and creating new
demands for digitally skilled workers. As polytechnic education evolves to meet these
challenges, immersive technologies will prepare students for the future workforce.
Policymakers and educational institutions must prioritize investment in infrastructure
and training to ensure that the next generation of vocational graduates has the skills
necessary to thrive in a highly digitalized and technologically advanced world.

The gaps that have been found should be filled by future research, especially when
it comes to creating standardized frameworks for integrating immersive technologies
into vocational curricula and figuring out how they affect student outcomes over the
long term. Educators and researchers can learn more about how to use immersive
technologies to their fullest potential in polytechnic education by continuing to look
into these areas. This will help create a more creative and flexible learning environ-
ment.
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