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__________________________________________________________________________________________ 

 

Abstract: Work-Based Learning (WBL) is increasingly recognised as a key pedagogical and 

policy approach for strengthening the relevance and effectiveness of Technical and Vocational 

Education and Training (TVET) within the Industry 4.0 landscape. Accelerated technological 

developments, characterised by automation, digitalisation, and cyber-physical systems, have 

intensified the need for graduates who possess advanced technical competencies alongside 

flexible, work-integrated capabilities. This review critically consolidates existing scholarly 

literature on WBL in TVET by examining its theoretical foundations, international empirical 

evidence, and contributions to talent excellence in the context of Industry 4.0. The analysis 

explores how the structured integration of workplace-based learning with institutional training 

enhances skill alignment, graduate employability, and workforce adaptability, drawing upon 

authoritative publications from UNESCO, OECD, and peer-reviewed academic sources. In 

addition, the review contextualises WBL implementation within the Malaysian TVET system by 

highlighting policy directions, practical challenges, and persistent gaps in current practices. 

The study concludes by outlining key implications for strengthening WBL as a strategic 

mechanism for developing Industry 4.0-ready talent, thereby informing future research 

agendas and policy development. 
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___________________________________________________________________________ 

1. Introduction 

 

The Fourth Industrial Revolution (Industry 4.0) has fundamentally reshaped global 

employment patterns, skill demands, and workforce development strategies. Advances in 

automation, artificial intelligence, digital manufacturing, and interconnected production 

systems have reconfigured traditional occupational structures, thereby necessitating a critical 

re-examination of education and training systems responsible for human capital development 

(Mazlan et al., 2025a; Mohd Yusoff et al., 2025; Bahrum et al., 2025). Within this evolving 

landscape, Technical and Vocational Education and Training (TVET) is widely recognised as 

a pivotal mechanism for cultivating industry-relevant talent capable of adapting to rapid 

technological transformation, as emphasised by the United Nations Educational, Scientific and 

Cultural Organization (UNESCO, 2021), the Organisation for Economic Co-operation and 

Development (OECD, 2023), Brunello and Wruuck (2021), and Bahl and Dietzen (2019).  
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Work-Based Learning (WBL) has emerged as a fundamental strategy within TVET reform 

initiatives aimed at narrowing the gap between educational provision and labour market 

demands (Mazlan et al., 2025b). By embedding structured learning experiences within 

authentic workplace environments, WBL enables students to translate theoretical 

understanding into practice, develop occupation-specific competencies, and internalise 

professional standards aligned with industry expectations. Empirical and policy-oriented 

literature consistently demonstrates that WBL enhances graduate employability, supports 

smoother school-to-work transitions, and strengthens the congruence between training 

outcomes and evolving labour market needs (Gessler & Howe, 2015; Pilz & Wiemann, 2021; 

OECD, 2023; UNESCO, 2022). 

 

In the Industry 4.0 age, the importance of WBL transcends conventional skill acquisition, 

encompassing the cultivation of adaptive, innovative, and digitally proficient personnel. 

Employers are increasingly seeking graduates capable of functioning within intricate socio-

technical systems, collaborating across disciplines, and participating in ongoing learning. This 

review article is to rigorously analyse the function of WBL in cultivating Industry 4.0 talent 

excellence inside TVET, integrating worldwide research and contextualising findings within 

the Malaysian TVET framework. 

 

2. Conceptual Foundations of Work-Based Learning in TVET 

 

WBL is defined as an educational method that combines formal instruction with organised 

learning experiences in actual workplace environments. In contrast to traditional classroom 

approaches, WBL prioritises experiential learning, enabling learners to interact directly with 

genuine work processes, technologies, and corporate cultures. The foundational theories of 

WBL are derived from experiential learning, situated cognition, and social learning 

perspectives, which jointly highlight learning as a contextualised and interactive activity (Bahl 

& Dietzen, 2019; Gessler & Howe, 2015; Brunello & Wruuck, 2021; UNESCO, 2022).  

 

The literature delineates many forms of WBL within TVET systems, encompassing 

apprenticeships, dual training models, cooperative education, internships, and industry-based 

projects. Despite variations in structure and duration, these models uniformly prioritise 

continuous employer engagement and the alignment of educational results with professional 

standards. Effective WBL frameworks generally include explicit learning objectives, 

delineated responsibilities for industry and training providers, and comprehensive assessment 

systems to guarantee skill transfer and quality assurance (Pilz & Wiemann, 2021; Zutavern & 

Seifried, 2022; OECD, 2023; UNESCO, 2022).  

 

From an Industry 4.0 standpoint, WBL is increasingly regarded as a strategic tool for 

familiarising learners with sophisticated technology and dynamic work practices that cannot 

be entirely duplicated in institutional environments (Mazlan et al., 2025c; Mazlan et al., 

2025d). Utilisation of digital technologies, automated systems, and data-driven processes in 

businesses allows learners to cultivate practical skills and adaptive mindsets necessary for high-

performance settings. Thus, WBL is established as a fundamental element of talent excellence 

in current TVET policy discussions (Brunello & Wruuck, 2021; OECD, 2023; Bahl & Dietzen, 

2019; UNESCO, 2022). 
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3. Global Evidence on Work-Based Learning and Industry 4.0 Talent Cultivation 

 

International literature has much data demonstrating the efficacy of WBL in improving TVET 

results and job preparedness. Countries with robust WBL systems, such as Germany, 

Switzerland, and Austria, exhibit significant connections between vocational education and 

employment via dual training models that integrate institutional education with substantial 

workplace involvement. Empirical research demonstrates that these systems mitigate skill 

mismatches, improve graduate employability, and facilitate ongoing skill enhancement in 

technologically advanced sectors (Gessler & Howe, 2015; Deissinger & Gonon, 2021; 

Zutavern & Seifried, 2022; OECD, 2023).  

 

Outside of Europe, nations like Singapore and South Korea have implemented adaptive WBL 

methodologies in accordance with their national Industry 4.0 strategies. Singapore prioritises 

industry-driven training paths and modular workplace learning to facilitate lifelong learning 

and workforce adaptation, whereas South Korea incorporates WBL within specialised 

vocational institutions to bolster advanced manufacturing and digital industries. The literature 

emphasises that continuous employer involvement and robust governance structures are 

essential for the efficacy of these models (Fung et al., 2021; Kim et al., 2021; Brunello & 

Wruuck, 2021; OECD, 2023).  

 

A significant amount of empirical research has investigated the impact of WBL on improving 

talent development outcomes in TVET programs. These studies consistently demonstrate 

beneficial impacts on technical proficiency, employability, and workplace preparedness across 

various national contexts. Table 1 summarises a synthesis of selected empirical studies on 

WBL and talent development. 

 

Table 1: Studies on WBL and Talent development 
Author(s), 

Year 
Title Method Population Findings 

(Adan et al., 

2021) 

Industry Perception 

on the 

Implementation of 

Work-Based 

Learning (WBL) in 

Politeknik Ibrahim 

Sultan 

Mixed method 

(Survey + 

Interviews) 

17 industry 

partners 

Industry perceived that WBL 

enhances graduate quality and 

employability but stressed the 

need for stronger 

collaboration and 

standardisation. 

(Ciptono et 

al., 2021) 

Exploration of 

Domains and 

Elements of 

Integrated Training 

Competency Model 

through Work-Based 

Learning (WBL) 

Qualitative 

(Semi-

structured 

Interviews + 

Fuzzy Delphi) 

7 experts (4 

automotive 

practitioners, 3 

academicians) 

Identified key WBL talent 

domains (management, 

cultural, WBL quality) and 

outcomes such as 

professional attitude, 

readiness, independence, and 

mastery of speed. 

(M. Yusop 

et al., 2023) 

Identifying and 

Validating 

Vocational Skills 

Domains and 

Indicators in 

Classroom 

Assessment Practices 

in TVET 

Qualitative 

(Literature 

Review + 

Modified 

Delphi) 

19 TVET experts 

(Malaysia) 

Validated skill domains 

across cognitive, 

psychomotor, and affective 

dimensions; emphasized the 

importance of soft skills 

alongside technical 

competencies. 

(Tahir & 

Abdullah, 

2024) 

Shaping Industry 4.0-

Ready Talent: TVET 

Qualitative 

(Nominal 

Group 

9 TVET 

instructors 

(Malaysia) 

Proposed 16 strategies for 

talent content development; 

ISM analysis revealed that 
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Experts’ Strategies in 

Content Selection 

Technique + 

ISM) 

work-process-oriented 

curricula serve as the 

foundation. 

(Wan 

Mokhtar et 

al., 2024) 

Stakeholders’ 

Perspectives on WBL 

Implementation in 

Malaysia 

Literature 

Review 

Malaysian HE & 

TVET 

stakeholders 

Found uneven WBL quality 

due to low stakeholder 

engagement; highlighted the 

need for standardized 

frameworks. 

(M. A. 

Ramli et al., 

2024) 

Work-Based 

Learning in VET: A 

Review of 

Engagement Among 

Stakeholders 

Literature 

Review 

Malaysia Found that gaps in 

engagement reduced the 

effectiveness of WBL in 

developing student 

competencies; urged stronger 

curriculum-industry 

alignment. 

(Jackson, 

2024) 

Work-integrated 

learning: 

opportunities and 

challenges in 

Australia 

Conceptual 

Review 

Australian HEIs 

& industry 

partners 

WIL improves student 

employability and talent 

pipelines but requires course-

wide design, strong 

partnerships, and continuous 

evaluation. 

(Ábrahám et 

al., 2023) 

Mapping problem-

solving competencies 

and talent 

management 

strategies for 

universities 

Simulated 

Work 

Experience + 

K-means 

Clustering 

546 students 

(Hungary) 

Identified three student 

clusters and proposed a talent 

management framework 

grounded in simulated WBL 

experiences. 

(Gerhardt & 

Karsan, 

2022) 

Talent management 

in private 

universities: the case 

of a private university 

in the United 

Kingdom 

Mixed 

Methods 

(Survey + 

Interviews) 

Academic staff 

(UK private 

university) 

Found lack of explicit talent 

management strategies; 

recommended industry 

secondments within WBL 

projects to strengthen staff 

retention and career 

commitment. 

(Lim et al., 

2024) 

Bridging theory and 

practice: 

Implementing work-

based learning in 

Malaysian higher 

learning institutions 

Book Chapter 

(Conceptual & 

Case 

Evidence) 

HEIs & industry 

partners 

(Malaysia) 

Highlighted challenges in 

WBL implementation such as 

low industry participation and 

unclear institutional roles; 

recommended structured 

frameworks to better prepare 

students for the workforce. 

(Adegbite & 

Govender, 

2022) 

How Fourth 

Industrial Revolution 

Skillsets Mediate the 

Relationship between 

Work-Integrated 

Learning, Graduate 

Employability, and 

Future Job 

Quantitative 

(Survey + 

SEM) 

375 Nigerian 

engineering 

students 

WIL significantly improved 

graduate employability; 

specific skillsets were found 

to mediate the relationship 

between WIL and job 

outcomes. 

(Mahfud et 

al., 2024) 

The Role of Work-

Based Learning in 

Enhancing Career 

Adaptability 

Quantitative 

(Survey + 

SEM) 

476 vocational 

undergraduates 

(Indonesia & 

Malaysia) 

WBL positively influenced 

career adaptability; self-

efficacy was found to mediate 

the effect. 

(Suyitno et 

al., 2025) 

The Effect of Work-

Based Learning on 

Employability Skills: 

The Role of Self-

Efficacy and 

Vocational Identity 

Quantitative 

(Survey + 

SEM) 

403 vocational 

students 

(Indonesia) 

WBL did not directly enhance 

employability skills; the 

effect occurred indirectly 

through self-efficacy and 

vocational identity. 
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(Daud et al., 

2024) 

Pengaruh 

Keterlibatan Industri 

Dalam Kemampanan 

Pembelajaran 

Berasaskan Kerja 

(PBK) di Politeknik 

Quantitative 

(Survey) 

91 WBL 

supervisors 

(Malaysia) 

Industry involvement in WBL 

was high; sustainability was 

influenced by governance, 

facilities, organisational 

motivation, and curriculum 

understanding. 

(Kamarudin, 

2022) 

Enhancing Quality 

TVET Graduates 

Through Three 

Integrated 

Curriculum Models 

Case Study TVET lecturers & 

students 

(Malaysia) 

Discussed integrated 

curriculum models that link 

WBL, industry, and 

competency outcomes; 

highlighted their role in 

improving graduate quality. 

 

The studies outlined in Table 1 provide converging evidence that organised WBL considerably 

enhances both occupation-specific skills and broader professional competencies. Nonetheless, 

disparities in implementation quality, industry involvement, and institutional capability affect 

the extent and durability of these results.  

 

International data across various contexts demonstrates that WBL enhances not just technical 

proficiency but also the cultivation of transversal abilities, including communication, 

teamwork, problem-solving, and professional identity. These traits are progressively esteemed 

in Industry 4.0 contexts marked by complexity and swift transformation. Nonetheless, research 

indicates that the advantages of WBL depend on effective execution, sufficient workplace 

oversight, and congruence between educational goals and industry standards (UNESCO, 2022; 

Pilz & Wiemann, 2021; OECD, 2023; Brunello & Wruuck, 2021). 

 

4. Work-Based Learning in the Malaysian TVET Context 

 

In the Malaysian context, WBL has been progressively institutionalised within national TVET 

policy frameworks to enhance graduate employability and strengthen industry alignment. Key 

policy instruments emphasise the expansion of apprenticeship schemes, sector-driven training 

pathways, and structured partnerships between education providers and industry stakeholders. 

These initiatives position WBL as a strategic mechanism for aligning institutional training 

processes with workplace expectations (Economic Planning Unit, 2021; National TVET 

Council, 2024; Ngatiman et al., 2022).  

 

Despite strong policy endorsement, existing scholarship indicates uneven implementation of 

WBL across institutions and industrial sectors in Malaysia. Variations in the depth of industry 

participation, the limited capacity of small and medium-sized enterprises (SMEs) to provide 

structured training, and inconsistencies in supervision and assessment practices have 

constrained the overall quality and coherence of WBL delivery. Such limitations affect the 

sustainability and effectiveness of workplace learning experiences, thereby weakening their 

contribution to Industry 4.0 talent development (Amiron et al., 2019; Sanusi & Puteh, 2023; 

Ngatiman et al., 2022).  

 

Furthermore, the integration of advanced Industry 4.0 technologies within workplace learning 

settings remains uneven. While large corporations may expose trainees to automation systems, 

digital platforms, and advanced manufacturing technologies, many training placements do not 

fully reflect contemporary industrial standards. The literature suggests that without targeted 

policy incentives, systematic capacity-building efforts, and clearer governance structures, 

WBL may fall short of functioning as a transformative driver of talent excellence within 
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Malaysia’s evolving TVET ecosystem (Economic Planning Unit, 2021; National TVET 

Council, 2024; Brunello & Wruuck, 2021; UNESCO, 2022).  

 

5. Persistent Challenges and Research Gaps 

 

The synthesis of literature identifies numerous enduring problems that hinder the efficacy of 

WBL in fostering talent excellence for Industry 4.0. A significant difficulty is to governance 

and coordination, especially in systems involving several agencies and stakeholders. Dispersed 

duties may lead to inconsistent standards, ambiguous responsibility, and fluctuating quality of 

workplace learning experiences (Amiron et al., 2019; Ngatiman et al., 2022; OECD, 2023; 

UNESCO, 2022).  

 

A notable problem pertains to the capability and preparedness of industry partners to participate 

in high-quality WBL. Successful workplace learning necessitates skilled mentors, organised 

learning frameworks, and coherence with educational goals. Nevertheless, numerous 

employers particularly small and medium-sized enterprises encounter resource limitations that 

hinder their capacity to deliver extensive training in accordance with Industry 4.0 skill 

demands. This underscores the necessity for supportive policy instruments and collaborative 

responsibility frameworks (Brunello & Wruuck, 2021; Pilz & Wiemann, 2021; OECD, 2023; 

Sanusi & Puteh, 2023).  

 

The literature reveals deficiencies in empirical studies about the long-term effects of WBL on 

Industry 4.0 career paths and innovation potential. Although short-term employability results 

are extensively documented, there is a paucity of studies investigating how WBL fosters 

enduring skill development, adaptation, and advancement across advanced technical sectors. 

Rectifying these deficiencies is crucial for guiding evidence-based policy and practice 

(UNESCO, 2022; OECD, 2023; Brunello & Wruuck, 2021; Bahl & Dietzen, 2019). 

 

6. Implications for Industry 4.0 Talent Excellence 

 

This review highlights the strategic significance of WBL in fostering Industry 4.0 talent 

excellence within TVET systems. Policymakers must prioritise cohesive governance structures 

that explicitly delineate stakeholder responsibilities, quality standards, and accountability 

mechanisms to guarantee consistent and effective implementation of WBL. Enhancing industry 

co-ownership of training processes is essential for ensuring curriculum relevance and technical 

alignment (OECD, 2023; UNESCO, 2022; Brunello & Wruuck, 2021; Amiron et al., 2019).  

 

TVET institutions must invest in capacity-building activities that expand instructors' industry 

exposure, promote workplace collaboration, and facilitate reflective learning processes. The 

incorporation of digital tools for monitoring and assessment can significantly improve 

transparency and educational results. These methods foster the establishment of resilient 

learning ecosystems that facilitate ongoing skill enhancement and adaptability (National TVET 

Council, 2024; Ngatiman et al., 2022; Sanusi & Puteh, 2023).  

 

Sustained involvement in WBL provides industry partners with opportunity to influence future 

talent pipelines and improve organisational learning capacity. Incentive frameworks, public–

private collaborations, and focused assistance for SMEs can enhance widespread engagement 

and elevate training standards. These results underscore the necessity for systematic strategies 

that prioritise WBL as a fundamental component of talent excellence initiatives in Industry 4.0 

(Economic Planning Unit, 2021; OECD, 2023; Brunello & Wruuck, 2021; UNESCO, 2022). 
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7. Conclusion  

 

This review has critically examined the role of WBL in advancing Industry 4.0 talent 

capabilities within TVET systems. The synthesis of international and Malaysian scholarship 

demonstrates that WBL strengthens skill relevance, enhances graduate employability, and 

supports workforce adaptability by situating learning within authentic industrial contexts. 

However, the effectiveness of WBL is contingent upon coherent governance arrangements, 

sustained industry engagement, and robust quality assurance mechanisms that align training 

outcomes with evolving technological demands (Gessler & Howe, 2015; OECD, 2023; 

UNESCO, 2022; Brunello & Wruuck, 2021).  

 

Within the Malaysian landscape, policy frameworks increasingly recognise the strategic value 

of WBL, yet implementation challenges persist across institutional and sectoral contexts. 

Addressing these constraints requires coordinated action among policymakers, educational 

institutions, and industry stakeholders to strengthen capacity, standardisation, and inclusive 

participation. Positioning WBL as a central pillar of TVET reform is therefore essential to 

cultivating Industry 4.0-ready talent capable of contributing to sustainable economic 

development.  

 

Overall, this review contributes to the scholarly discourse on TVET transformation by 

consolidating evidence on WBL and clarifying its implications for talent excellence in the 

Industry 4.0 era. The findings provide a conceptual and empirical foundation for future research 

and framework development aimed at advancing work-integrated learning practices within 

dynamic and technology-driven TVET ecosystems. 
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