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ABSTRACT

Technical and Vocational Education and Training (TVET) is under growing pressure to reconcile its hands-on,
trade-specific pedagogy with the technological and human-centric demands introduced by the Fourth and Fifth
Industrial Revolutions. While a substantial body of research now examines digital transformation in general
education, evidence on how TVET systems absorb Industry 4.0 and Industry 5.0 technologies, competencies
and governance arrangements remains fragmented across disciplines, regions and methodologies, making it
difficult for institutions to know which interventions are worth prioritizing. This review synthesizes 59 peer-
reviewed and institutional sources, published mainly between 2018 and 2026, to map how digitalization is
reshaping TVET teacher competency, curriculum and institutional frameworks, student and graduate
outcomes, technology adoption, industry-education-government partnership, and digital equity. Sources were
drawn from databases including Scopus, Web of Science, ScienceDirect and IEEE Xplore, and from open-
access outlets such as Sustainability and Frontiers in Education, and were synthesized thematically rather than
statistically pooled, following a coding protocol adapted from established framework-synthesis practice.
Findings show that curriculum and institutional competency frameworks dominate the literature (23.7%),
followed by technology-adoption studies on digital twins, virtual reality and artificial intelligence (16.9%) and
student and graduate-outcome studies (15.3%), while critical accounts of the persistent disconnect between
TVET providers and industry remain scarce (1.7%), despite offering some of the most consequential findings
in the corpus. Geographically, evidence clusters around Malaysia, wider Southeast Asia and cross-national
bibliometric reviews, leaving Sub-Saharan Africa, South Asia and the Middle East thinly represented. A
conceptual framework is proposed that positions technology-enhanced delivery as the mechanism converting
Industry 4.0/5.0 inputs into employability, human-centric competencies and inclusive TVET outcomes,
mediated by a policy and financing feedback loop. From the review, digitalization will not solve the structural
misalignment between TVET and industry on its own; rather, it needs to go hand in hand with teacher
development and curriculum evaluation, equity and policy coherence.

Keywords: TVET, Industry 4.0, Industry 5.0, Digitalization, Digital Competency

INTRODUCTION

Technical and Vocational Education and Training occupies an unusual position in the digital transformation
debate. Unlike general academic education, where digitalization chiefly concerns content delivery and
assessment, TVET is built around psychomotor skill formation, workshop-based practice and close proximity
to industrial equipment (Jafar et al., 2020). The Fourth Industrial Revolution, characterized by cyber-physical
systems, artificial intelligence, big data and the Internet of Things, has already reorganized the labor markets
TVET graduates enter (Miah et al., 2024; Sigov et al., 2024). More recently, the European Union's articulation
of Industry 5.0 has reframed the conversation, insisting human-centricity, sustainability and resilience must
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accompany, not follow, technological capability (Oeij et al., 2024). For TVET institutions still consolidating
Industry 4.0-aligned curricula, this second shift arrives before the first is complete.

The necessity of addressing the issue is not purely academic. UNESCO-UNEVOC estimates barely half of
TVET practitioners have received training in delivering instruction through digital formats (X. Yang & Wu,
2024), and evidence from Pakistan, South Asia and South Africa shows TVET systems continuing to produce
graduates in trades the labor market no longer wants while leaving unmet demand in others (Hassan & Anees,
2024; Magagula & Awodiji, 2024; Miah et al., 2024). Malaysia and other governments have made TVET
digitalization an explicit policy priority, from the Malaysia Education Blueprint to frameworks such as
HETVET at Universiti Teknologi MARA (Jamil et al., 2023; Saari et al., 2026; Seman et al., 2024). Whether
this ambition is matched by evidence of what works, for whom, and under which conditions, is the gap this
review addresses.

Existing reviews tend to examine either Industry 4.0 competency frameworks in isolation (Akgunduz &
Mesutoglu, 2021; Jafar et al., 2020) or general higher-education digitalization without reference to TVET's
distinct pedagogy (Gonzélez-pérez & Ramirez-montoya, 2022; Wang et al., 2024; D. Yang et al., 2022). Few
bring the teacher-competency, technology-adoption, partnership and equity literatures into a single account,
and fewer extend the analysis to Industry 5.0 (Pelaez-Sanchez et al., 2024; Supriya et al., 2024). This matters:
a recommendation from one strand alone, that closer industry engagement will automatically fix curriculum
misalignment, can be undermined by evidence such engagement is frequently more rhetorical than real (Allais
et al., 2025).

This review synthesizes 59 sources to answer three questions: how the literature is distributed across regions
and themes; what frameworks, competencies and barriers recur across it; and what conceptual model can
integrate these strands into guidance for TVET institutions, of which Universiti Teknikal Malaysia Melaka is
one example, as they transition from Industry 4.0-era curricula toward Industry 5.0-era practice.

METHODOLOGY

This review adopts a narrative-thematic synthesis design rather than a formal meta-analysis, reflecting the
heterogeneity of study designs, populations and outcome measures in the TVET digitalization literature. Fifty-
nine sources published predominantly between 2018 and 2026 were compiled through database searching and
citation snowballing across Scopus, Web of Science, ScienceDirect, IEEE Xplore, and open-access outlets
including Sustainability and Frontiers in Education. Search terms combined "technical and vocational
education and training" or "TVET" with "Industry 4.0", "Industry 5.0", "digitalization" and "digital
competency", alongside terms such as "digital twin" and "employability".

Sources were included where they reported empirical, conceptual or review-based evidence directly relevant to
digital technology adoption, competency development or policy in technical, vocational or closely adjacent
professional education; were published in English in peer-reviewed journals, indexed proceedings or
institutional reports; and provided sufficient detail for thematic coding. Sources on general schooling or
industry sectors without an education component were retained only where they supplied a transferable
construct treated as adjacent to TVET, consistent with comparable syntheses (Choudhary & Bansal, 2022;
Yusop et al., 2022).

Each source was read in full and coded against geographic context, study design, reported frameworks, key
findings and relevance to Industry 4.0/5.0-TVET integration, following the general logic of framework
thematic synthesis (Shi & Bangpan, 2022) and protocols used by Miah et al. (2024) and Hassan et al. (2021).
Eight themes emerged inductively: teacher and instructor competency; curriculum, assessment and institutional
frameworks; student and graduate outcomes; technology adoption and barriers; industry-education-government
partnership; digital divide and equity; conceptual and bibliometric background; and critical perspectives on the
TVET-industry relationship. These themes, and the geographic spread of sources, are quantified in the
Analysis section and underpin the framework proposed later.
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CONCEPTUAL BACKGROUND: FROM INDUSTRY 4.0 TO INDUSTRY 5.0 IN TVET

Industry 4.0 originated in Germany's manufacturing strategy and denotes the fusion of cyber-physical systems,
the Internet of Things, cloud computing and big data analytics into an interconnected production environment
(Costa et al., 2022). Sigov et al. (2024) identify artificial intelligence, advanced connectivity and quantum
computing as carrying Industry 4.0 into its next phase, while Tikhonova & Raitskaya (2023) trace a progression
from Education 1.0's teacher-centered model toward a personalized Education 4.0 paradigm. Supriya et al. (2024)
map Education 1.0 through 5.0 against Industry 1.0 through 5.0, identifying enabling technologies such as big
data, blockchain, augmented and virtual reality and digital twins now appearing in smart-education contexts.

Industry 5.0, announced roughly a decade later, does not replace the earlier paradigm so much as correct its
technocentrism. Oeij et al. (2024) organize it around three pillars, human-centricity, sustainability and resilience,
arguing workforce skilling must be judged by whether technology remains under meaningful human control.
Pelaez-Sanchez et al. (2024) operationalize this turn for education: of forty-six digital-competency assessment
instruments published between 2013 and 2023, creativity, one of Industry 5.0's four core competencies, is
measured in only fifteen.

For TVET specifically, this evolution carries a double burden. Arifin et al. (2020) argue the generic Technology-
Pedagogy-Content-Knowledge model under-specifies the "work knowledge" vocational teaching requires,
proposing an adapted model built around competency-cluster-specific learning. Hazrat et al., (2023) and Kumar
Karanam & Hartman (2025) show digital-twin technologies, originally built for Industry 4.0 manufacturing, are
already repurposed as Industry 5.0-era teaching tools. Hassan & Anees (2024) go furthest, naming digital-skills
integration, sustainability, automation readiness, cross-disciplinary learning and continuous monitoring as the
five pillars a TVET system must build to remain relevant.

Teacher and Instructor Competency for Industry 4.0/5.0

Teacher and instructor competency is the most mature strand of this literature, anchored by Jafar et al. (2020)
five-construct framework, technical competency, soft skills, personal attributes, motive and self-concept, and
mental and physical fitness. Wohlfart & Wagner (2023) umbrella review of twenty-three prior reviews confirms
Technological Pedagogical Content Knowledge (TPACK) remains the dominant lens for teacher digital
competency, yet notes eleven used no explicit theoretical framework, an unevenness echoed by (Teo et al., 2021)
scoping review, which located only eighteen empirical studies on initial teacher training for Fourth Industrial
Revolution skills across nearly a decade.

Two extensions of TPACK matter here. (Ning et al., 2024) test an Al-augmented TPACK model on 366 Chinese
teachers and find technology-specific knowledge, not generic content or pedagogical knowledge, drives
competence in Al-integrated teaching. Akgunduz & Mesutoglu (2021) supply matching evidence from Turkey,
where a year-long professional-development programme raised teachers' Industry 4.0 content knowledge from
zero to thirty-nine per cent at the "high" band, though gains were uneven, strong for three-dimensional printing,
weak for virtual and augmented reality.

Rahman & Hossain (2025) survey of 586 Bangladeshi educators finds educators' own digital literacy, more than
infrastructure, is the strongest predictor of community-level digital integration, while Zulu et al. (2023) study of
United Kingdom construction leaders finds digitalization readiness mediated by dispositional traits, curiosity and
openness, sitting outside any competency checklist. TVET instructor development for Industry 4.0/5.0 cannot be
reduced to a static skills list.

Curriculum, Assessment and Institutional Frameworks

Curriculum, assessment and institutional-design studies form the largest single cluster in this review,
unsurprising given that curriculum reform is the most direct lever institutions can pull. Costa et al. (2022) Triple
Helix Education 4.0 framework, organizing industry, government and academia around shared training,
technology, policy and research domains, remains influential, complemented by Hassan et al. (2021) seven-
component TVET Training Cycle Framework. Applying that lens to 134 papers, Hassan et al. (2021) find
Industry 4.0/5.0-aligned technologies barely register in TVET assessment (one per cent), career-guidance (four
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per cent) or evaluation research (zero per cent), corroborated by Yusop et al. (2022) PRISMA review, which
found competency-based assessment dominant in forty-four per cent of studies but none explicitly building
Industry 4.0 skills.

At institutional level, named frameworks illustrate how curricula are being restructured. Seman et al. (2024)
describe Universiti Teknologi MARA's HETVET framework, classifying 208 programmes into four practical-
component-graded models. Chinedu et al. (2023) use a Delphi process with Asia-Pacific experts to derive a
sustainability-literacy curriculum framework for Malaysian TVET teacher training, while Jamil et al. (2023)
apply a fuzzy Delphi technique to validate digital-pedagogy policy objectives. Yusop et al. (2023) companion
Delphi study validates 155 items embedding Industry 4.0 generic skills alongside conventional competencies.
Magagula & Awodiji (2024)study of South African TVET lecturers identifies curriculum-equipment
misalignment as a frequently raised implication, echoing Gonzalez-pérez & Ramirez-montoya (2022) finding
that Education 4.0 frameworks skew toward student-facing skills while teacher-facing frameworks remain
neglected. Azofeifa et al., (2024) ShapingSkills platform keeps a skills taxonomy updated via natural-language
processing, while Asmayawati et al. (2024) study of Indonesian educators shows curricular adaptation
strengthens digital-literacy outcomes only when mediated by local cultural values.

Student and Graduate Outcomes: Employment, Entrepreneurship and Digital Literacy

The study of student and graduate outcomes extends the discussion of institutional inputs into individual outputs,
with entrepreneurship being an alternative concept to traditional wage employment. Triyono et al. (2023)
structural model of 757 Indonesian vocational students finds digital competence is the single strongest direct
predictor of entrepreneurial intention, corroborated by Fawaid et al. (2022) study of 618 Yogyakarta students,
where technological and digital-marketing competence shape entrepreneurial intention through self-efficacy and
personality. Kholifah et al. (2025) survey of 2,587 Yogyakarta graduates situates digital communication and
collaboration, not raw technical skill, as the strongest mediator converting digital competence into employability,
while anxiety toward ICT suppresses this pathway.

Employer-side evidence complicates a purely skills-supply narrative. Wong et al. (2025) survey of 180
Malaysian digital-technology employers finds industry-specific knowledge and digital skills predict graduate
employability directly, but adaptability shows no significant effect, contradicting models that treat soft skills as
automatically transferable. Omar & Abdullah (2025) study of 658 GIATMARA entrepreneurs finds industry
collaboration contributes more to competency development than job-training alone. Silor & Silor (2025)
randomised experiment with Philippine pre-service teachers shows embedding TVET-based instruction into a
literacy course produces significantly larger digital-competence gains than traditional instruction, while
Khampirat (2021) model of 1,313 Thai engineering students shows workplace-oriented ICT competency
explaining eighty-three per cent of variance in engineering competency across genders. Shi & Bangpan (2022)
review of thirty-one qualitative studies should remind this stream of research of the ways in which the gains of
TVET are not merely financial, since cultural capital, social capital, aspiration and well-being all emerge as key
outcomes for disadvantaged youths especially.

Technology Adoption: Digital Twins, VR/AR, Al and Simulation-Based Learning

Studies of technology adoption provide the most concrete quantitative data and comprehensive listing of barriers
to implementation for this review. A quasi-experiment by Erdei et al. (2022) conducted with engineering students
in Hungary concluded that trainees using digital twins to prepare for a training on a six-axis robot cell performed
a similar practical task with nearly twice the speed as students relying on traditional documentation. The study by
Kumar Karanam & Hartman (2025) combining various cases of digital twins use concludes about similar
improvement rates up to twenty per cent higher results in tests, stressing the fact that implementation is possible
not because of technology itself but due to the required infrastructure and cooperation with industry. Cai et al.
(2025) review of 158 research papers on artificial intelligence in higher education describes this phenomenon
with reference to Vygotsky's zone of proximal development, in which Al can be viewed as scaffolding.

Evidence sector-wise goes further to include the manufacturing sector. The work of Kamis et al. (2026) which
brings together 39 references on maritime technical and vocational education and training reveals the use of
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simulation techniques and smart glasses for remote monitoring of activities. It includes Malaysia’s 2023 reform
that admits vocational certificate holders for officers training without academic qualifications. Leong, 2025
comparison of traditional and Al-enabled TVET finds roughly seventy-five per cent of European TVET
institutions adopting artificial-intelligence tools against sixty-eight per cent in Asia, consistent with the disparity
Setyadi et al. (2025) document from manufacturing, where Internet-of-Things adoption reaches ninety-two per
cent in Europe against roughly fifty per cent in Asia-Pacific.
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Barriers are well documented. Choudhary & Bansal (2022) review of eighty-six digital-literacy programmes
proposes a four-level barrier taxonomy, administrative, training, learner and community, echoed in Mhlanga
(2024) account of poverty and policy fragmentation limiting Fourth Industrial Revolution learning in emerging
markets, and in Rajamanickam et al. (2025) review of Malaysian on-the-job training, identifying instructor skills
deficits and equipment mismatches as persistent obstacles.

Industry-Education-Government Partnership and Policy Models

Partnership and policy studies address the institutional plumbing connecting TVET providers to the labor
markets they serve. X. Yang & Wu (2024) case study of the UNESCO Chair on Digitalization in TVET at
Shenzhen Polytechnic University identifies four cooperation mechanisms, policy dialogue, resource sharing,
training exchanges and ecosystem partnerships, framed through a three-part digital divide of access, skills and
benefits. Miah et al. (2024) analysis of forty-eight South Asian studies distils nine driving factors behind
successful Industry 4.0 adoption and six challenge categories, of which training and development account for
twenty-eight per cent, the largest share.

Sector-specific research on partnerships enriches the literature with a more subtle understanding than found in the
official discourse. For instance, the findings of the survey conducted by Zheng et al. (2024) among 184 Chinese
companies working in the field of hydrogen energy revealed that the probability of cooperation with educational
institutions is positively associated with the perception of resources' advantages and negatively associated with
the perception of costs risks, and the latter effect can be counterbalanced with government subsidies, but the
former cannot. The same mechanism was uncovered by Napathorn (2022) when analyzing four firms operating
in Thailand and their efforts to train greener skills in absence of environmental subjects within vocational college
curricula. In terms of governance, Nie et al. (2020) identify the four criteria for evaluation of the Russian e-
learning market (effectiveness, efficiency, economy and equity), and (Saari et al., 2026) argue that Malaysia's
governance of its readiness to Fourth Industrial Revolution includes much more than purchasing technologies.

Digital Divide, Equity, Gender and Marginalization

Equity research poses questions about any simplistic assumption regarding the inherent inclusivity of
digitalization. According to Wignall et al. (2023), the participatory study undertaken in Cameroon and Sierra
Leone reveals that TVET can reinforce rather than disrupt patriarchal labor market arrangements: despite their
training, young women still experience harassment, unsafe travel and exclusion from formal employment, while
girls constitute only 34.2 per cent of Cameroonian TVET enrollment. The authors distinguish "transversal" skills
from "transgressive" skills capable of actively disrupting gender norms, arguing only the latter produce genuine
transformation. Ahmad et al. (2024) conceptual review of nine Industry 4.0 technologies for inclusive learning
catalogues how each might serve learners with disabilities or from diverse backgrounds, though without
examining implementation barriers.

At a more structural level, Meng et al. (2024) scientometric review of thirty-five studies proposes six dimensions
of digital inequity, access, usage and skill, quality of experience, content, economic standing and gender, several
reappearing in Ekrem et al. (2025)cluster analysis of thirty-two European countries, which finds higher national
digital-literacy levels accompany lower youth NEET rates, with female NEET status clustering into a more
heterogeneous pattern than male. Smit et al. (2025) ethnographic study of seventy-three low-literacy Dutch adults
finds marginalized users develop informal "bypass" tactics, family support, translation software, to participate
digitally regardless. Ventrella & Cotnam-Kappel (2024) Canadian case study closes the loop: teachers' own
uneven digital confidence directly compounds the digital divide their students experience.
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Critical Perspectives: The Persistent TVET-Industry Disconnect

A smaller but analytically important strand interrupts the optimistic tone of the studies reviewed above. Allais et
al., (2025) mixed-methods study across six low-income and middle-income countries surveyed 847
manufacturing firms and conducted 117 interviews to test whether industry engagement with TVET is what
policymakers assume. This is an awkward response: the employment of TVET graduates by the company in
terms of their hiring practices varies between about seventeen percent at general worker level to seventy-six
percent at the technician level; moreover, the firms that give positive responses to TVET graduates on closed-
ended questions turn out to be quite negative on open-ended questions, a discrepancy which the authors refer to
as "espoused support versus revealed critique".

This sits alongside Hassan & Anees (2024) diagnostic data from Pakistan, where TVET output exceeds industry
demand by more than double yet leaves specific trades in chronic shortage, and barely thirty-eight percent of
graduates secure employment at all. Together, these sources caution against a recurring assumption elsewhere in
this review: that digitalizing curricula, or encouraging more industry consultation, will by itself close the gap
between what TVET produces and what labor markets need.

ANALYSIS OF THE REVIEWED LITERATURE

Table 1 summarizes the geographic distribution of the 59 sources reviewed. Malaysian-based or Malaysian-
authored studies account for the largest national share (eleven sources, 18.6%), reflecting this review's
institutional vantage point, followed by other Southeast Asian contexts (eight sources, 13.6%), Europe (eight
sources, 13.6%), and East Asia, the Americas and Oceania combined (eight sources, 13.6%). Sub-Saharan
Africa and South Asia remain thin at three and two sources respectively, and no source is set in the Middle
East, a genuine gap given the region's own Industry 4.0/5.0 investment. The largest single category is cross-
national systematic reviews and bibliometric studies (nineteen sources, 32.2%), consistent with a field still
more comfortable mapping itself than generating primary evidence in any one setting.

Table 1. Geographic Distribution of the 59 Reviewed Sources

Region / Country Sources (n) Percentage
Malaysia 11 18.6%
Other Southeast Asia (Indonesia, Philippines, Thailand) 8 13.6%
Europe 8 13.6%
East Asia, Americas and Oceania 8 13.6%
Sub-Saharan Africa 3 5.1%
South Asia 2 3.4%
Middle East 0 0.0%
Cross-national / bibliometric reviews 19 32.2%

Table 2 and Figure 1 present the thematic distribution. Curriculum, institutional and competency-framework
studies are the largest category (fourteen sources, 23.7%), followed by technology-adoption studies (ten
sources, 16.9%) and student and graduate-outcome studies (nine sources, 15.3%). Teacher competency and
industry-education-government partnership are evenly matched at seven sources each (11.9%), digital-divide
and equity studies account for six sources (10.2%), and conceptual or bibliometric background studies account
for five (8.5%). Critical or structural perspectives on the TVET-industry relationship supply only a single
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source (1.7%), the smallest category by a wide margin.

The rapid growth of the wider digital-education literature helps explain why TVET-specific evidence still trails
behind. Wang et al. (2024) bibliometric analysis of 588 digital-education studies (2000-2022) identifies
professional development and digital transformation as the fastest-growing frontiers after 2020, corroborated
by D. Yang et al. (2022) citation-network analysis of 368 studies, which flags educational equity and
governance as under-researched. Chakraborty et al. (2023) mapping of Industry 4.0 and Education 4.0
constructs across 1,965 engineering-education articles reaches a similar conclusion: no standardized
framework yet links the two literatures, and developed countries still publish sixty-three per cent of available

Education 4.0 output despite TVET's disproportionate relevance in developing economies.

Table 2. Thematic Distribution of the 59 Reviewed Sources

Theme Sources (n) Percentage
Curriculum, assessment and institutional frameworks 14 23.7%
Technology adoption (digital twins, VR/AR, Al) 10 16.9%
Student and graduate outcomes 9 15.3%
Teacher and instructor competency 7 11.9%
Industry-education-government partnership 7 11.9%
Digital divide, equity and gender 6 10.2%
Conceptual and bibliometric background 5 8.5%
Critical / structural perspectives 1 1.7%

Curriculum, Institutional &
Competency Frameworks

Technology Adoption
(Digital Twins, VR/AR, Al) & Barriers

Student & Graduate Outcomes
(Employability, Entrepreneurship)

Teacher/Instructor Competency &
Professional Development

Industry-Education-Government
Partnership & Policy

Digital Divide, Equity,
Gender & Marginalisation

Conceptual/Enabling-Technology &
Bibliometric Background

Critical/Structural Perspectives on
TVET-Industry Disconnect

0 2 4 6 8 10 12 14 16
Number of studies (N = 59)

Figure 1. Thematic Distribution of the 59 Reviewed Sources

Two patterns deserve emphasis. First, the dominance of curriculum and framework papers alongside the near-
absence of critical, structural analysis suggests the field is better at proposing what TVET systems should look
like than at testing why reforms succeed or fail once implemented. Second, the concentration of evidence in
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means the framework proposed next is most strongly evidenced for middle-income, rapidly-industrializing
contexts.
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PROPOSED CONCEPTUAL FRAMEWORK

Drawing on the eight thematic clusters identified above, Figure 2 proposes an integrative framework for how
Industry 4.0/5.0 digitalization translates into TVET outcomes. The framework treats Industry 4.0/5.0 enabling
technologies and human-centric, sustainable values (Oeij et al., 2024; Supriya et al., 2024) as the input layer,
flowing into four interdependent pillars: teacher and instructor competency (Jafar et al., 2020; Ning et al.,
2024), curriculum and institutional frameworks (Costa et al., 2022; Hassan et al., 2021), industry-education
government partnership (X. Yang & Wu, 2024; Zheng et al., 2024), and digital equity, gender and inclusion
(Meng et al., 2024; Wignall et al., 2023). These converge on a shared mechanism, technology-enhanced TVET
delivery through digital twins, virtual and augmented reality and simulation- or work-integrated learning
(Erdei et al., 2022; Kamis et al., 2026; Kumar Karanam & Hartman, 2025), the point where most concrete
quantitative gains documented in this review are actually realized.

Industry 4.0/5.0 Enabling Technologies
& Human-Centric, Sustainable Values

N T~

Teacher & Curriculum & Industry-Education- Digital Equity,
Instructor Institutional Government Gender &
Competency Frameworks Partnership Inclusion

/\Technology Enhanced TVET Delivery
(Digital Twins, VR/AR, Al, Simulation-

\ Based & Work-Integrated Learning)
/ | \

feedback

Employability & Human-Centric & Inclusive &
Entreprenetrial Sustainable Resilient TVET
Outcomes Competencies Systems

| _—

Policy, Governance & Financing Feedback Loop

Figure 2. Proposed Conceptual Framework for Digitalization and Industry 4.0/5.0 Integration in TVET

This mechanism produces three outcome domains: employability and entrepreneurial outcomes (Omar &
Abdullah, 2025; Triyono et al., 2023; Wong et al., 2025), human-centric competencies consistent with
Industry 5.0 (Napathorn, 2022; Pelaez-Sanchez et al., 2024), and inclusive, resilient TVET systems (Ahmad et
al., 2024; Shi & Bangpan, 2022). The final element in the model takes the form of a feedback loop, going back
to policy and finance considerations (Nie et al., 2020; Saari et al., 2026). This is due to the demonstration by
Allais et al. (2025) and Hassan & Anees (2024) of how achievements made during one round of funding can
be silently eroded if not continually kept in mind.

The critical idea underlying this framework is that the line from enabling technology to outcome is never a
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straight one. For each and every example of success cited here - whether from Erdei et al. (2022) digital-twin
robots training or Ning et al. (2024) Al-ready Chinese teachers - there is at least one institutional block
involved before it becomes an outcome. Considering digitalization as a matter of technology procurement, and
not of teachers, curricula, partnerships and equity, is precisely the reason for underperformance in such cases.

DISCUSSION

Several implications can be drawn from the synthesis for TVET institutions like Universiti Teknikal Malaysia
Melaka and their regional counterparts when it comes to planning ahead of their curriculum in light of Industry
4.0. Firstly, there is a consensus in the literature on teachers' competency that generic digital literacy training is
less efficient than targeted, continuous professional development of the instructors, which was discussed in the
works by Akgunduz & Mesutoglu (2021) and Ning et al. (2024).

Secondly, although the literature on curriculum and framework is very abundant in the models of curriculums

and frameworks, there is very little discussion of the effects of adoption of any of them. Several frameworks
have been named explicitly and include HETVET (Seman et al., 2024), TVET Training Cycle (Hassan et al.,
2021), and Triple Helix Education 4.0 model (Costa et al., 2022). However, there is virtually no literature on
the adoption and validation of the framework in relation to Industry 4.0 (Hassan et al., 2021; Yusop et al.,
2022).

Thirdly, the literature on equity suggests that digitalization does not guarantee inclusivity. Wignall et al. (2023)
finding that TVET can reproduce rather than dismantle patriarchal labor-market structures, and Ventrella &
Cotnam-Kappel (2024) finding that teachers' own digital inequality compounds their students', suggest equity
needs designing into strategy from the outset.

Fourth, and most consequential for policy, the critical-perspectives literature, though numerically small, should
not be read as marginal. Allais et al. (2025) six-country evidence that industry engagement is frequently more
rhetorical than real, and Hassan & Anees (2024) demonstration that Pakistan's TVET system oversupplies
some trades while starving others, imply digitalization layered onto a structurally disconnected relationship
may improve delivery mechanics without resolving the underlying mismatch.

Finally, the regional concentration identified earlier means the framework proposed here is a starting
hypothesis for under-represented regions rather than a validated model.

LIMITATIONS OF THE REVIEW

This review has several limitations. As a narrative-thematic rather than statistical synthesis, it cannot quantify
effect sizes across studies using markedly different designs and outcome measures, and the thematic
categorization in Table 2, though grounded in careful reading of all 59 sources, necessarily involved judgement
calls about studies spanning two or three clusters at once. The corpus was compiled iteratively rather than
through a single pre-registered protocol, and English-language publication bias almost certainly under-
represents relevant work in other languages, particularly from Latin America, the Middle East and parts of
Africa. Several technology-adoption statistics, particularly those drawn from conference proceedings such as
Leong (2025), rely on self-reported figures with limited transparency and should be treated as illustrative
rather than definitive. Future reviews would benefit from a registered protocol and, where feasible, a
quantitative meta-analytic component.

CONCLUSION AND FUTURE RESEARCH DIRECTIONS

This review has synthesized fifty-nine sources to map how digitalization and the emerging Industry 5.0 agenda
are reshaping Technical and Vocational Education and Training across teacher competency, curriculum design,
student outcomes, technology adoption, industry partnership and equity. The evidence base is uneven:
curriculum and institutional frameworks are proposed far more often than evaluated after adoption,
technology-adoption studies supply the clearest quantitative gains, and critical, structural analysis of the
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TVET-industry relationship remains almost entirely absent despite delivering some of the review's most
consequential findings. Geographically, the literature clusters around Malaysia, Southeast Asia and cross-
national bibliometric reviews, leaving Sub-Saharan Africa, South Asia and the Middle East thinly evidenced.

The conceptual framework proposed here positions technology-enhanced delivery, not technology
procurement alone, as the mechanism converting Industry 4.0/5.0 inputs into employability, human-centric
competency and inclusive outcomes, contingent on simultaneous investment in teacher competency,
curriculum design, industry partnership and equity, sustained by a policy and financing feedback loop. Its
central caution, that digitalization without attention to structural disconnection risks improving delivery
mechanics without closing labor-market mismatch, follows from the smallest but most sobering cluster of
evidence reviewed.

Future research should prioritize three directions: longitudinal studies tracking named frameworks beyond
adoption into outcome; primary research from under-represented regions, particularly the Middle East and
Sub-Saharan Africa; and further critical research in the tradition of Allais et al. (2025) and Hassan & Anees
(2024), examining whether Industry 5.0's human-centric aspirations can be embedded into TVET systems that
have not yet resolved their Industry 4.0-era disconnection from industry.
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