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Abstract

Context: This research systematically evaluates the global skills mismatch between Techni-
cal and Vocational Education and Training (TVET) graduates and the evolving demands of 
the manufacturing sector from 2020 to 2025. As industries integrate advanced digital tech-
nologies, concerns have arisen about TVET systems' ability to equip graduates with relevant 
skills. This study aims to provide an evidence-based understanding of the gaps in TVET 
education and recommend future work to enhance workforce preparedness. 

Approach: A systematic literature review was conducted between October and Decem-
ber 2024, analyzing studies indexed in the Scopus, Web of Science, ProQuest, and EBS-
CO databases. Relevant research on manufacturing and technical and vocational education 
was identified, yielding 37 documents. The selection criteria focused on empirical studies 
addressing skill gaps, workforce readiness, and industry-aligned TVET curricula. Richard 
Freeman's educational mismatch theory guided the analysis. The authors classified each  
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study into a single mismatch category (out of eight) and synthesized the findings through an 
inductive thematic analysis, comparing objectives, results, and contexts. Similar ideas and 
patterns were grouped into broader themes, producing descriptive categories that reflect the 
common experiences reported across the 37 studies. 

Findings: Manufacturing is undergoing a transition marked by the rapid adoption of new 
technologies, particularly artificial intelligence, while educational institutions advance more 
slowly. This gap has intensified industry demands for new competencies and has contributed 
to the expansion of companies seeking highly specialized skills, making the horizontal mis-
match increasingly evident and widening existing skill gaps. The reviewed documents, thema-
tically analyzed, converge on the conclusion that TVET graduates often lack sufficient hands-
on experience and limited exposure to industry-relevant innovations. The skill gaps include 
technical skills (digital literacy, STEM proficiency, robotics, electrical and electronic expertise, 
machinery operation, coding, and technological adaptability), methodological skills (prob-
lem-solving, decision-making, critical thinking, learning agility, creativity, self-management, 
and innovation), and interpersonal skills (communication, teamwork, leadership, adaptability, 
emotional intelligence, job placement readiness, and industry collaboration). 

Conclusions: Addressing these skill gaps requires a multi-faceted approach, including cur-
riculum modernization, stronger partnerships between educational institutions and indus-
tries, and targeted upskilling programs. Integrating skills development, employability, job 
placement, and productivity into a holistic strategy may enhance workforce readiness and 
industrial competitiveness. 

Keywords: Dual Training Systems, Economic Impact, Educational Mismatch Theory, Em-
ployment, Manufacturing Workforce, Vocational Education and Training, VET

1	 Introduction
The manufacturing industry is undergoing constant transformation driven by spatial dyna-
mics, technological innovations, sustainability issues, and economic policies (Shen & Zhang, 
2023). It has promoted efficiency (Harikannan & Vinodh, 2025; Li et al., 2024), but still faces 
challenges related to sustainability (Román & Kabir, 2024) and the integration of digital so-
lutions (Ponce et al., 2024). Although economic uncertainty has impacted the sector, with 
some countries more resilient than others (Li & Bai, 2023; Zhu & Yang, 2024), it remains 
the primary source of development in emerging economies (Lautier, 2024; Pandian, 2024; 
Takayabu, 2024). However, recent technological developments have transformed production 
processes, displacing routine tasks and increasing demand for skills in data science, artificial 
intelligence, cybersecurity, and other areas (Albizu & Estensoro, 2024; Doherty & Stephens, 
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2023). This shift has heightened the importance of upskilling and reskilling programs in pre-
paring workers for higher-level roles in an increasingly automated and digitalized environ-
ment (Doherty & Stephens, 2023; Noor et al., 2024). 

The manufacturing sector provides employment opportunities for graduates of technical-
vocational programs (Allais & Schöer, 2025). However, the Technical and Vocational Educa-
tion and Training (TVET) system often struggles to address the demand for practical skills 
in advanced technologies (Doherty & Stephens, 2023). It cannot adapt quickly enough to 
market needs (Maldonado-Mariscal et al., 2023), which limits job opportunities and creates 
significant challenges for employers and educational institutions (Maldonado-Mariscal et al., 
2023). Recognizing skill mismatches may offer graduates better opportunities (Albizu & Es-
tensoro, 2024; Kiener et al., 2024; Melesse et al., 2023).

To understand the state of the art in this issue, this work scopes the current literature on 
the skills developed by TVET programs and those required by the manufacturing industry. 
The evidence presents a set of the main skills the manufacturing industry seeks. It provides 
recommendations, along with updated evidence of the actions taken by some TVET insti-
tutions, to address this issue. In this way, we can establish a baseline for the situation on the 
route to frame specific interventions to reduce the skills gap.

This work aims to synthesize current evidence on how TVET systems worldwide respond to, 
or fail to respond to, the demands of the manufacturing sector, providing a clearer understanding 
of existing challenges, responses, and opportunities for improvement. Our principal objectives are: 

1.	 Identify the discrepancies between the skills acquired by TVET graduates and the skills 
currently demanded by the industry. 

2.	 Assess how different regional or national TVET systems align their curricula, training 
models, and pedagogical strategies with labor market needs in the sector. 

3.	 Outline evidence-based research pathways that can support the development of more 
agile, responsive, and industry-relevant TVET systems.

The following research questions guide the review:

1.	 What specific gaps exist between TVET graduates and the manufacturing industry?

2.	 What strategies and adaptations have TVET systems implemented in response to these 
skill mismatches, and how effective have they been?

3.	 How do these challenges and responses vary across different regional contexts?

4.	 What directions should future research take to better inform policy, curriculum, deve-
lopment, and stakeholder collaboration in TVET?
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2	 Theoretical Framework
Boisvert's discursive moments in education (Figure 1) illustrate how societal values and po-
licy narratives shape educational priorities, influencing the emphasis on skill development 
across various systems (Boisvert, 2022).

Note. Source: The authors, based on the work of Boisvert (2022).

Figure 1: Discursive Moments in Education

Consequently, skill mismatch is defined as the discrepancy between the skills workers 
possess and those required to perform their jobs (Desjardins & Rubenson, 2011). In develo-
ping countries, assessing the mismatch is more challenging due to limited data availability 
(Sevilla & Farías, 2020). 
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This review employs the educational mismatch theory to examine the misalignment between 
TVET graduate skills and the evolving demands of the manufacturing industry (Freeman, 
1976). This highlights the lack of coordination between education and labor markets, sug-
gesting that mismatches occur when individuals are over- or under-qualified (Abidin, 2022; 
Didier, 2024; Verdugo & Verdugo, 1988), pointing toward policies that encourage job mat-
ching, retraining, and educational programs to facilitate skill enhancement and align with 
labor market demands. In this context, according to McGuinness et al. (2017), there are eight 
types of mismatches, which are identified in Table 1.

Table 1: Types of Mismatches (McGuinness, 2017)

Type of mismatch Brief definition Manufacturing sector example

Overeducation The worker has a higher level of education 
than is required for the job.

Mechanical engineer operating basic  
machinery.

Undereducation The worker has a lower level of education 
than is required for the job.

Factory worker without formal training in 
specialized welding.

Overskilling Workers have more skills than their jobs 
require.

Certified electrician performing only basic 
maintenance tasks.

Underskilling Worker skills do not meet the demands of 
the job.

Operator unable to handle automated  
machinery.

Horizontal mismatch The field of study is unrelated to the current 
job.

An architect employed as a production line 
supervisor.

Skill shortages Vacancies are hard to fill due to a lack of 
qualified candidates.

Shortage of certified welders in shipbuilding.

Skill gaps Employees lack the necessary competencies, 
according to employers.

Factory workers with low training in quality 
control.

Skill obsolescence Skills lose relevance due to aging,  
technological change, or lack of use.

Technicians specialize in machinery that has 
become outdated.

3	 Method
Our scoping systematic review follows the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) methodology guidelines 
(Page et al., 2021; Shaffril et al., 2021; Tricco et al., 2018). It was conducted from October to 
December 2024.

3.1	 Eligibility Criteria

The eligibility criteria used to assess the validity, applicability, and comprehensiveness of the 
review (Shamseer et al., 2015) were:

1.	 Date of publication: Between 2020 and 2025 (to account for post-pandemic advance-
ments in manufacturing technologies).
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2.	 Language: English.

3.	 Research focus: Manufacturing workforce training.

4.	 Covered topics: Employability, skill development, job placement, or workforce productivity.

Studies that did not meet these criteria were excluded from the review. 

3.2	 Search Strategy

The first stage of the search strategy consisted of data retrieval from databases by entering 
the search strings ["vocational training" OR apprenticeship OR "technical education"] AND 
["workforce alignment" OR "technical skills training" OR employability OR "job readiness" 
OR "skills-based learning"] AND [manufacturing OR "manufacturing industry" OR "manu-
facturing skills gap" OR "manufacturing sector"] in the following databases: EBSCO, Sco-
pus, Web of Science, and ProQuest, recognized as significant, reliable sources of high-quality 
manuscripts in education. The retrieved manuscripts (in .bib format) were imported into 
Zotero1 (desktop version, 7.0.16, 64-bit), a free and open-source reference management tool, 
and Rayyan2 (online version, student plan), a web-based platform designed to streamline the 
systematic review process.

3.3	 Study Selection and Data Collection Process 

In the first screening step, the titles, abstracts, and keywords of every retrieved manuscript 
were manually reviewed to ensure compliance with the eligibility criteria. The retained ma-
nuscripts were searched for as full texts on the corresponding databases. Those obtained were 
uploaded to Rayyan and underwent full-text analysis. Those manuscripts that were not obtai-
ned were discarded from the revision. During full-text scoping, full texts were also manually 
assessed to ensure alignment with the review's objectives, and those deemed irrelevant were 
discarded. 

3.4	 Quality Assessment 

The full texts were assessed for quality, although formal quality appraisal is not mandatory 
in scoping reviews (Grant & Booth, 2009). Our quality assessment was structured around 
three key criteria: Publication type, journal ranking, and metadata completeness. Points were 

1	 https://www.zotero.org/
2	 https://www.rayyan.ai/
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allocated based on the type of publication (Wiese et al., 2025): Peer-reviewed journal ar-
ticles (3 points), conference proceedings (2 points), and other publications such as reports 
or theses (1 point). Scores were assigned based on the journal's quartile in the SCImago 
Journal Rank (SJR) (Ahmad et al., 2019). Q1 or Q2 journals received 3 points; Q3 journals 
received 2 points; and Q4 journals received 1 point. Journals not indexed in SJR received 0 
points. Finally, we evaluated five core metadata elements: Publication year, document type, 
DOI, publisher, and country of study. One point was awarded for each item, with a maxi-
mum of 5 points. In practice, most studies scored either 4 or 5 in this category, indicating 
minimal variability and confirming that metadata completeness was not a major driver of 
exclusion.

Total scores ranged from 5 to 11. A minimum threshold of 10 out of 11 possible points 
was decided for inclusion in the final analysis. In total, 33 studies were excluded for not 
meeting the threshold:

	– 10 studies scored only 1 point in the publication type category (these were predominantly 
theoretical works). Three of them were not indexed in SJR.

	– 19 studies were not indexed in SJR.

	– 3 studies were published in Q4 journals.

	– 1 study scored 9 points due to lacking a DOI and being published in a Q3 journal. 

3.5	 Data Extraction

All manuscripts that passed the quality assessment were uploaded to a SciSpace3 (premium 
plan, online version) platform folder. This AI-powered software employs advanced natural 
language processing algorithms to extract information from the user's input. We created a 
data extraction form with aspects including:

	– Study characteristics: Author(s), year of publication, manuscript type, keywords, 
publisher, and country of study. 

	– Study design: Qualitative, quantitative, or mixed methods. 

	– Sample size and population details (e.g., vocational students, employees, or employers in 
the manufacturing sector). 

	– Skill mismatch assessment (i.e., how it is addressed in the work).

3	 https://scispace.com
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	– Outcomes (e.g., employability, skills acquisition, job placement, productivity improve-
ments). 

After using this AI tool/service, the final table was downloaded as an Excel file, and the 
authors verified and edited its content as needed. This information is available in Vázquez-
Villegas and Borrego (2025)4 and is accessible upon justified requests. 

3.6	 Data Analysis and Presentation

The contextual information for each source was documented. To classify the type of mis-
match reported in each study, a single primary mismatch category was assigned. When 
ambiguities arose, decisions were based on what the study explicitly stated or on the as-
pects emphasized most clearly in its objectives, results, or conclusions. The first author 
synthesized the information from all 37 studies in detailed entries. This process involved 
repeatedly comparing the studies' aims, findings, and contextual characteristics to identify 
recurring issues and areas of convergence (Green et al., 2017; Sharma & Sharma, 2023). 
Following standard approaches for qualitative evidence synthesis (Flemming & Noyes, 
2021), we conducted an inductive thematic analysis of the extracted data (Braun & Clarke, 
2006).

Rather than applying a predetermined framework, the first author grouped similar 
ideas, challenges, and patterns that appeared across the studies. Through iterative refi-
nement and discussion with the second author, these preliminary groupings were con-
solidated into broader topic areas. The "Synthesis of study findings" section is organized 
according to the resulting categories that emerged directly from the descriptive content of 
the included articles. Most of the studies included offer descriptive accounts of local cases. 
Accordingly, the themes presented here are descriptive thematic groupings that summarize 
the landscape of reported experiences rather than as conceptual or explanatory constructs 
(Borrego et al., 2026).

3.7	 Study Selection and Characteristics

In the initial phase, a total of 1,532 records were identified. After eliminating 101 duplicate 
manuscripts, 1,430 unique manuscripts remained for analysis. In the second phase, 1,292 
records were excluded after manually reviewing titles, keywords, and abstracts (about 77% 
of the excluded manuscripts were focused on higher education or not focused on TVET stu-
dies, only mentioned TVET, and 13% were not focused on the skills for the manufacturing 
industry, mentioned it), leaving 138 manuscripts eligible for further examination. Following 

4	 Data deposited into a publicly available repository. Reserved URL ID: https://doi.org/10.57687/FK2/PWSYAG
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this, 51 records were discarded based on full-text analysis, and 17 manuscripts could not be 
retrieved, resulting in 70 full-text manuscripts available. After conducting a quality assess-
ment, the final selection comprised 37 full-text manuscripts. Figure 2 presents a flow diagram 
illustrating the outcomes at each stage.

Figure 2: PRISMA Flowchart to Show How Manuscripts 
Were Identified, Managed, and Selected

The selected studies used quantitative (n = 14), qualitative (n = 13), and mixed (n = 10) me-
thodological approaches to address skills gaps. The studies, published by reputable academic 
journals, involve contributors from multiple countries, as shown in Figure 3.
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Figure 3: Distribution of Study Locations in the Reviewed Manuscripts

Common authors' keywords, as observed in Figure 4, indicate the need for educational out-
comes to align with labor market demands.

Figure 4: Word Cloud Displaying the Keywords  
Extracted From the Selected Manuscripts (N = 37)
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The sample sizes range from small case studies to large-scale surveys, reflecting insights 
from students, educators, and employers. Figure 5 shows the 16 manuscripts with the larger 
sample sizes.

Figure 5: Treemap of Population Size and Categories in the TVET Manuscripts

The remaining 18 manuscripts involved fewer than 150 participants, including industry ex-
perts, experienced professionals with TVET backgrounds or teaching experience, represen-
tatives from selected companies, instructional designers, education officers, vocational trai-
ning specialists, teachers, students, and other relevant stakeholders.

4	 Results
This section presents the synthesized information from the detailed table entries, as well as 
the recurring issues and areas of convergence identified across the 37 analyzed documents.

4.1	 Synthesis of Study Findings

Table 2 presents the synthesis of the 37 manuscripts. 



35Vázquez-Villegas, Borrego

Table 2: Reviewed Studies (N = 37) on TVET Skills and Manufacturing Demands, Including Key Contributions and Synthesized Findings

Quantitative Studies

Country  
(Reference)  
Sample size & population

Skills mismatch assessment Main outcomes

Italy The impact of new technologies on human resources (HR) 
in manufacturing is evaluated to address skills mismatches. 
This emphasizes identifying talent and skill gaps to enhance 
profits and HR strategies. The study reveals a significant 
gap between Industry 4.0 (I4.0)-ready and non-I4.0 
profiles, underscoring the need for graduates to enhance 
their horizontal skills, such as soft skills, to meet industry 
demands.

Maximizing return on investment is important for companies that need 
upskilling and reskilling to meet evolving digital skills requirements. 
Jobs that are I4.0-ready enhance employability and operational efficiency. 
Skills such as the English Language and Computer literacy improve job 
placement in the digital landscape. The study provides a framework for 
assessing I4.0 readiness in human capital, which boosts organizational  
productivity.

(Fareri et al., 2020)

This study employs a data-driven approach to examine job  
profiles and skills within a multinational company 
operating in the white goods sector.

India The article highlights a skills mismatch in India's labor 
market, stressing the need for vocational training to align 
with industry demands. Many trained individuals remain 
unemployed, indicating a disconnect between industry 
needs and the workforce, a gap that also affects the informal 
sector.

Vocational training offers significant returns, improving  
employability by aligning skills with industry requirements. It enhances job 
placement opportunities, especially in states with emerging industries, and 
boosts productivity by equipping workers with specific skills not covered 
by general education.

(Gooptu et al., 2023)

It targets the Periodic Labour Force Survey, focusing on 
males to prevent selection bias. It focuses on the working-
age population (ages 15-59), regular salaried and casual 
wage earners.

Sample size specified

Malaysia I 4.0 exacerbates skills mismatch by demanding new 
soft skills, such as communication, and hard skills in the 
electrical and electronic fields that are not sufficiently 
covered in current curricula. Limited collaboration between 
institutions and industry further intensifies this problem.

The study calls for collaboration between Institutions and industry to 
enhance skills through training and practical experience. Graduates should 
develop both soft skills (such as teamwork and problem-solving) and 
hard skills (including ICT literacy and data analytics) to enhance their job 
placement prospects. Aligning skills can enhance workforce productivity.

(Rodzalan et al., 2022)

The study included 113 participants, comprising employers 
and academics from the electrical and electronic industry.



Canada This work examines the gap between what students learn 
and what the profession requires in Canada's accounting 
field. The study encourages post-secondary institutions 
to develop curricula that meet employers' evolving needs, 
thereby enhancing job placement rates.

The study proposes an industry-neutral framework that employers and 
post-secondary institutions can use to identify knowledge gaps between 
students' qualifications and professionals' requirements. It emphasizes the 
importance of non-technical skills in enhancing workplace productivity.

(Elbarrad & Belassi, 2023)

The study involved 182 individuals, comprising 109 post- 
secondary students and 73 professionals from various  
backgrounds, industries, and managerial levels.

Malaysia The study suggests a skills mismatch between graduates 
and the manufacturing industry's needs, in areas such as 
decision-making, problem-solving, and communication. 
The National Dual Training System seeks to address this 
by combining theoretical and practical training, including 
on-the-job experience.

Employers highly value key soft skills, such as communication, teamwork, 
and critical thinking, which enhance workplace productivity. Emotional 
intelligence, problem-solving skills, and creativity are essential for 
adapting to the rapidly changing job landscape. Graduates notably lack 
entrepreneurship skills.

(Kenayathulla, 2021)

The sample comprises 205 employees from various 
institutions, including training companies, industries, and 
government agencies. Participants were drawn from 13 
industries, representing the Education and Training sector.

Austria The research examines the skills mismatch in Industry 
5.0, highlighting that current educational outcomes 
may not align with industry needs due to the rapid 
pace of technological advancements. It emphasizes the 
importance of systematic skill development, the alignment 
of educational content with manufacturing skills, and the 
suggestion that inadequate training hinders employability.

There is a positive correlation between skills and job performance; 
however, no significant differences in performance or satisfaction 
are observed based on skill levels. Targeted training can enhance job 
performance and satisfaction, making it an effective means of achieving 
productivity. Developing skill profiles can better align outcomes with 
industry needs, improving job placement for graduates. The work 
advocates for innovative learning methods to improve knowledge transfer.

(Pacher et al., 2023)

The study included 206 complete questionnaires from  
manufacturing enterprises in various sectors, including  
Chemicals, Automotive, and Food. Most respondents 
(66.1%) had over 10 years of experience in supply 
management.

Ethiopia There is a significant skills mismatch in Ethiopia's garment 
industry that can hinder productivity. The government's 
assignment process overlooks student preferences, leading 
to low motivation and suboptimal job placement outcomes. 
It stresses aligning the curriculum with industry demands to 
enhance skills development. 

The study reveals low employment rates. Graduates struggle to find 
relevant jobs, highlighting an employability gap. Students' aspirations for 
self-employment shape their perceptions of the necessary skills, which in 
turn affect their job placement. While teachers focus on basic production 
skills, students desire broader training, including managerial and 
entrepreneurial skills. This issue is compounded by companies' reluctance 
to hire interns due to concerns about their skills and abilities

(Yamada & Otchia, 2020)

The sample population consisted of 215 individuals, 
comprising 162 students and 53 teachers from garment 
programs at seven TVET colleges, with a female enrollment 
rate of 76.97%.

Global Skills Gap: TVET and Manufacturing36



Indonesia The research highlights a gap, particularly in small 
industries. It calls for enhancing the curriculum and 
practical training in vocational education to meet industry 
demands and adapt to the Industrial Revolution 4.0.

The industrial work practice program boosts students' employability by 
developing practical skills. Participants gain learning, methodological, 
social, personal, and technical capabilities. Interning in large industries 
often leads to better job placements and enhances productivity through 
hands-on experience.

(Anwar et al., 2023)

The study involved 230 students in industrial work practice 
programs, 104 from large and 126 from small industries.

Malaysia/Indonesia
The study identifies a skills gap in digital skills, prompting 
the government to emphasize the importance of vocational-
specific digital skills. Challenges like unequal access to 
digital tools further widen this gap.

The study indicates that students possess intermediate digital skills. 
It emphasizes the importance of collaboration between schools and 
industries in establishing skill benchmarks that enhance job placement 
rates. Enhancing digital skills through internships can boost workplace 
productivity.

(Kuntadi et al., 2022)

It focused on 253 students with industry experience, 
including those currently completing or finishing 
internships.

Greece The research highlights a gap in perceptions of soft skills 
between employees and employers. Employers struggle 
to find qualified candidates because employees often 
overestimate their soft skills, while employers tend to have 
lower expectations. 

Individuals with strong soft skills are more likely to secure jobs. The study 
identifies a gap between employees' and employers' perceptions of soft 
skills, which can affect hiring decisions. Additionally, it highlights that 
better soft skills enhance productivity and are linked to higher educational 
attainment.

(Tsirkas et al., 2020)

The sample comprised 302 individuals (151 employee-
employer dyads) from three sectors: Manufacturing, retail, 
and services.

Greece The research highlights a skills mismatch in digital skills. 
It emphasizes the need for continuous professional 
development for educators to ensure that programs align 
with industry requirements, enabling graduates to acquire 
the skills necessary for success. Addressing this gap may 
enhance graduates' employability and adaptability in the 
sector.

Integrating educational platforms enhances the accessibility and quality 
of digital skills training, improving skill development. Active engagement 
with social networks enhances content management skills and overall 
digital skills. Targeted use of digital tools outperforms casual computer use, 
emphasizing the need for improved training methods.

(Zervas & Stiakakis, 2024)

The study involved 382 adult students. The demographic 
breakdown included 182 women, 162 men, and 38 
individuals who chose not to disclose their gender, all aged 
18 to 55 years.

Laos, Thailand, and Vietnam Practical employee training can transform individuals into 
creative problem-solvers, particularly when it emphasizes 
quality-related issues and fosters collaboration in small 
groups. This is especially true in developing countries, 
where capacity building, training, and innovation often 
focus primarily on the technological aspects.

Problem-finding and problem-solving skills can boost problem-solving 
capabilities, leading to greater process innovation. Firms can leverage 
quality control management to develop innovative strengths, presenting 
an effective strategy for enhancing their competitiveness. Policy support is 
needed to nurture these skills, thereby fostering innovation.

(Ueki & Guaita Martínez, 2020)

The study included 486 observations. The survey targeted 
manufacturing industries, locally or foreign-owned, of all 
sizes.

Vázquez-Villegas, Borrego 37



China The study highlights the importance of developing 
and shaping skills in vocational students. High-quality 
internships can bridge the gap between classroom learning 
and real-world experience. Customizing these programs 
to match students' abilities and industry demands can 
improve professional skills and align skills with industry 
expectations.

The study shows that a better person-environment fit enhances students' 
professional skills. Improving internship quality and task design can lead 
to better outcomes for interns. Effective internship management improves 
students' employability and skill acquisition, aligning experiences with 
their goals for optimal professional development.

(Cui et al., 2024)

The sample consisted of 961 graduates (91.2% male and 
8.8% female) with internship experience in automatic 
control, mechanical engineering, computer technology, or 
automotive engineering.

Kenya The oversupply of unqualified labor presents job challenges 
for young people. To address this, institutions should 
implement whole youth development (WYD) programs to 
better align with labor market needs. However, applying 
WYD skills in real job settings can be complex and hindered 
by local conditions and resources, especially in poorer areas.

Resources in TVET institutions affect students' acquisition of WYD skills, 
thereby influencing their employability. Well-equipped institutions yield 
better WYD skill performance, and students from wealthier areas typically 
outperform those from marginalized regions. Enhancing the quality of 
TVET programs and strengthening industry linkages could improve job 
placement outcomes for graduates.

(Ngware et al., 2024)

The study's sample included 3,452 students, 347 instructors, 
and 171 heads from various TVET institutions. The target 
population comprised students aged 15 to 25 from public 
and private TVET institutions nationwide.

Qualitative Studies

Country 
(Reference) 
Sample size & population

Skills mismatch assessment Main outcomes

Malaysia

There is a gap between graduates and the automotive 
industry. The exam-focused education system worsens 
this issue by prioritizing test passing over practical skills. 
Collaboration between industry and educational institutions 
better prepares graduates for employment.

Transferable skills, such as technical communication, English vocabulary, 
teamwork, problem-solving, and interpersonal skills, are important 
for effective customer service. These skills have a significant impact on 
employability and industry standards. Employers favor candidates who can 
effectively convey technical information. Poor communication can impede 
workflow and productivity.

(Ramamuruthy et al., 2021)

The sample consisted of 5 automotive industry experts 
with at least 5 years of experience and a background in 
supervising graduate interns. The participants came from 
diverse specializations within both local and multinational 
companies.

Global Skills Gap: TVET and Manufacturing38



Malaysia There is a gap, particularly in coverage of Industrial 
Revolution (IR) 4.0 technologies. Graduates often lack 
hands-on experience and proper preparation due to 
misaligned curricula. Industry collaborations ensure that 
training programs equip graduates with relevant skills for 
the evolving job market, thereby improving employability.

Implementing IR4.0 prioritizes skills acquisition through new technologies 
(digital and automation) to meet job market demands. Continuously 
reviewing and improving the curriculum boosts job placement rates and 
productivity, making the workforce more competent and competitive in 
the evolving industrial sector. Preparing the TVET teaching workforce and 
providing infrastructure are also necessary.

(Ngatiman et al., 2023)

The study included 7 participants with at least a bachelor's 
degree in TVET, over five years of relevant teaching or work 
experience, a Vocational Teacher Certificate, or experience 
as a panel member in drafting the TVET curriculum.

Czech Republic Employers face challenges filling positions due to skill 
shortages, with increasing demand for soft skills and less 
prioritization of hard skills. Strategic alignment between 
educational institutions and industry is essential to equip 
graduates with the skills needed for the sector.

Digital skills and soft skills (communication and teamwork) are vital for 
employee development and enhance employability. Continuous learning 
and proactive skill development help employees adapt to new technologies 
and trends. Training that aligns with organizational goals can boost 
productivity, while a customer-oriented focus can improve job placement 
outcomes.

(Trávníčková et al., 2024)

The research involved 8 semi-structured interviews with HR 
and learning and development managers at an automotive 
company.

China
There is a skills mismatch, particularly in technical 
communication (TC). Many vocational colleges emphasize 
grammar over practical TC skills, leaving graduates 
unprepared. This gap affects employability and may hinder 
China's competitiveness in the high-skilled talent market.

There is a skills mismatch, particularly in technical communication (TC). 
Many vocational colleges emphasize grammar over practical TC skills, 
leaving graduates unprepared. This gap affects employability and may 
hinder China's competitiveness in the high-skilled talent market.

(Luo et al., 2024)

12 experts, all with at least five years of experience 
as technical communication instructors, industry 
professionals, instructional designers, and officials from 
China's Ministry of Education.

USA The skills mismatch leads to low motivation and 
performance. The study highlights the significance of 
human capital development for enhancing employability in 
the manufacturing sector. Many graduates have theoretical 
knowledge but lack practical skills.

It highlights the need for durable and soft skills, advocating for structured 
apprenticeship programs and partnerships between educational 
institutions and industry. Addressing the skills gap is linked to higher 
productivity, as companies that invest in training gain a competitive edge. 
Tailored educational and training initiatives are suggested.

(Al-Asfour & Zhao, 2024)

The study included 14 leaders from various sectors within 
the manufacturing industry.
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Italy

Practitioners stress the importance of continuous training. 
The study recommends tailored training interventions to 
effectively bridge the skills gap across various job sectors, 
including manufacturing.

The study highlights the need for a mix of STEM, technical, and soft skills 
for employability in Industry 4.0. It emphasizes qualification assessment to 
enhance motivation and training effectiveness, boosting productivity. The 
proposed tool personalizes training for various job sectors and marginalized 
groups. Ongoing training improves well-being and adaptability, and 
integrating education and training can enhance job performance and 
workforce productivity.

(Tommasi et al., 2022)

The study sample included 16 education and vocational 
training practitioners and stakeholders.

South Africa This gap is attributed to the outdated knowledge and lack of 
practical experience among lecturers, resulting in graduates 
who are not fully equipped to meet the demands of the 
manufacturing sector. The study emphasizes the importance 
of work-integrated learning experiences for lecturers.

TVET lecturers gained technical knowledge and industry currency to 
operate equipment, tools, and systems in the workplace. They also acquired 
practical expertise and pedagogical content knowledge, establishing 
communication networks that informed and improved their teaching 
methodologies. This, in turn, developed their self-confidence in integrating 
theory with practice and influenced their lesson delivery techniques.

(Mesuwini et al., 2023)

The sample consisted of 18 TVET lecturers who 
participated in work-integrated learning experiences.

South Africa
There is a significant gap between the skills needed and the 
training graduates receive. The education system relies on 
outdated models and fails to adequately prepare students for 
Industry 4.0.

The study emphasizes that workplace training can boost productivity and 
address I4.0 challenges. Companies are innovating to save jobs and assist 
with job placement. Inadequate instruction and a lack of experiential 
training hinder graduates' readiness for the workforce. Urgent curriculum 
changes are deemed necessary.

(Maisiri & van Dyk, 2021)

20 participants from the manufacturing industry, 
professionals from the manufacturing sector, and digital 
transformation experts.

Australia
The research examines graduates' work readiness skills. The 
study highlights the importance of improving employability 
for Australian graduates. The mismatch between educational 
outcomes and industry expectations hinders job placement.

Enhancing work readiness can increase productivity. The study identified a 
general deficit in skill across communication, self-management, teamwork, 
and cognitive skills.

(Prikshat et al., 2020)

20 participants selected from three groups: Industry 
representatives, educational institutions, and government 
policy experts. 
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USA
Employers are having difficulty hiring skilled workers due to 
a skills mismatch, compounded by an aging workforce and 
evolving workplace demands. To address this, programs are 
encouraged to revise their curricula to align with industry 
needs and incorporate input from advisory committees. 
Collaboration between educational institutions and the 
manufacturing industry is recommended.

The study identified essential employability skills as perceived by 
employers, including a strong work ethic, communication, initiative, 
problem-solving, and interpersonal skills.  Organizations address 
workplace skill deficiencies by training new employees, changing hiring 
and retention practices, and collaborating with TVET institutions. The 
implications highlight the need for curriculum revisions and professional 
development for TVET personnel. Effective business-education 
partnerships are encouraged.

(Engelhart & Mupinga, 2020)

The study's sample consisted of 35 advisory committee 
members representing various career fields, who served on 
advisory boards of vocational programs.

Thailand
There is a need for better alignment between schooling and 
workplace demands, particularly regarding the soft skills 
needed for vocational mechatronics and robotics, especially 
in non-Western contexts. Programs should incorporate both 
hard and soft skills to effectively prepare students.

The study emphasizes that aligning training with real-world work scenarios 
enhances skill transfer, which is crucial for job placement. Students 
reported improved technical knowledge, creative thinking, teamwork, 
and perseverance. Enhancing soft skills, such as communication and 
adaptability, boosts workplace productivity.

(Thianthai & Sutamchai, 2022)

The study included a sample of 40 students majoring 
in mechatronics and robotics. The research focused on 
students in their final year of dual vocational training 
programs.

India The research stresses aligning vocational training with local 
labor market needs. It advocates a demand-driven approach 
and highlights the need to assess local skill requirements, 
especially as the labor market shifts from agriculture to 
manufacturing and services. Understanding learners' socio-
economic conditions is key to effective training design.

A pilot sewing training effectively improved employability for the rural 
population by providing practical skills tailored to local job demands. This 
approach boosted trainee engagement and commitment by aligning their 
economic goals with improved job placement opportunities.

(Ramasamy & Pilz, 2020)

A pilot training course included 60 community members 
from four villages.

China, India, and Mexico
Due to poor curricula, there is a significant skills mismatch. 
Graduates often lack essential skills, prompting larger 
companies to offer additional training, while smaller 
companies struggle to provide it. The lack of standardized 
training and certification exacerbates the skills gap, as local 
practices prioritize immediate staffing over comprehensive 
skill development.

The study highlights that training models prioritizing employability 
over specific company needs lead to positive outcomes for trainees. They 
emphasize skills acquisition, allowing trainees to develop basic skills 
and work independently. Focusing on practical skills and employability 
may enhance productivity by enabling companies to tailor training to 
production requirements.

(Pilz & Wiemann, 2021)

Insights from 149 interviews with training experts from 
86 German manufacturing companies of various sizes and 
products.
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Mixed Methods Studies

Sample size & population Skills mismatch assessment Main outcomes

Sample size not specified

India Employers report that graduates often lack essential 
practical skills. Institutional training is often inadequate, 
creating a gap between theory and practice. While demand 
for skilled workers is increasing, many graduates fail to meet 
employers' expectations, a situation exacerbated by rapid 
technological change and complex production processes.

Despite prioritizing skills development, graduates often struggle to 
secure employment due to a mismatch between their skills and market 
demands. A skilled workforce is expected to improve productivity, but 
the effectiveness of VET programs also depends on the quality of training 
providers and on students' socio-economic backgrounds.

(Schneider & Pilz, 2024)

This research focuses on the employability of young people 
aged 15 to 29 who graduated from the TVET system. 

Sample size specified

Spain In Spain, half of the population lacks basic digital skills, 
and many companies are not progressing rapidly in their 
digitalization efforts. Significant investments in supply chain 
planning and new product development are anticipated 
over the next few years. With over 80% of companies having 
a supply chain strategy, it is essential to identify the skills 
employees need to support digitalization and advance 
toward I4.0.

The research emphasizes skills that enhance employability in digitalization 
and I 4.0, including teamwork, problem-solving, and management. It 
highlights that commitment to objectives impacts job performance and 
placement. Cognitive and basic language skills are crucial for adapting to 
the job market. These insights can align curricula with employer-valued 
skills, enhancing graduate employability.

(Aranda-Jiménez et al., 2024)

The research sample consisted of 38 experts in industrial 
engineering.

South Africa Component suppliers find training inadequate, necessitating 
additional in-house training. The lack of partnerships 
between industry and TVET colleges, along with a shortage 
of experienced trainers, exacerbates the situation. While 
some suppliers hire mid-skilled graduates, the training often 
fails to meet the specific skills required for higher-skilled 
positions that necessitate formal qualifications, such as trade 
tests and engineering diplomas.

Candidates with formal training are generally more productive and better 
equipped to manage workplace pressures. Training programs that align 
with industry changes can improve company productivity. Additionally, 
new technologies create job opportunities and require reskilling existing 
employees, further boosting productivity.

(Sibiya, 2024)

The study was conducted on 61 automotive manufacturing 
firms, with over 50 employees. HR directors, production 
managers, and trade union representatives were 
interviewed.
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Indonesia The gap stems from a misalignment between the curriculum 
and industry requirements. Employers seek graduates who 
are skilled in operating tools and machinery and in adapting 
to new technologies. The study emphasizes the importance 
of active industry involvement in curriculum development 
to better equip graduates for the job market and ensure 
youth employment and workforce readiness.

A new curriculum has shown positive outcomes, achieving a high 
effectiveness score. Industry involvement has improved vocational schools 
by aligning education with market needs and enhancing employability. 
This fosters inclusivity and improves the quality of vocational education. 
Assessing learning outcomes ensures that students are well prepared for the 
workforce, while practical experiences develop the essential skills needed 
to address professional challenges.

(Yoto et al., 2024)

A sample of 89 individuals was selected, comprising 
industrial supervisors in the vocational education sector.

Portugal, Spain, and Romania

The project aims to integrate new technical and transversal 
skills into training curricula. Stakeholder consultations 
identified necessary skills, emphasizing work-based learning 
to bridge the gap and ease the transition from education to 
work.

The project focuses on skills development in a work-based learning context to 
enhance job opportunities. Its training framework aligns with employer needs 
(interpreting manuals, process knowledge, organization, elaboration, and 
time management) while promoting productivity through essential technical 
(equipment and machine knowledge, problem-solving, and anticipation) and 
transversal (teamwork, communication, and work management) skills.

(Cardoso et al., 2020)

The sample included 95 surveys from clothing companies, 
representing 10,083 workers, and 38 surveys from TVET 
providers.

South Africa
TVET colleges often fail to align their programs with 
industry requirements, resulting in a skills gap. The complex 
qualification system and focus on high-demand occupations 
hinder the development of practical solutions, leading to 
varied challenges across different sectors.

The study highlights a connection between TVET, industrial transformation, 
and growth. Effective TVET enhances employability and skills acquisition. 
The automotive sector, with a focus on TVET, achieves productivity gains. In 
contrast, the Clothing and Textile sector's limited focus on TVET correlates 
with productivity challenges, suggesting that a lack of TVET hinders 
performance.

(Allais et al., 2021)

The sample comprised 114 companies from the Automobile, 
Food and beverage, and Garment sectors, targeting registered 
companies that manufacture locally and employ more than 
50 people.

Chile

Employers believe that TVET has not kept pace with 
evolving labor needs, which affects graduates' employability. 
The curriculum often lacks practical training and modern 
technological knowledge. A revision of the curriculum is 
necessary to better align with local industry requirements.

Over half of graduates (51.5%) feel unprepared for the labor market due to 
a lack of alignment between specialties and market demands. The TVET 
system enhances graduates' employability by equipping them with essential 
skills, particularly in information and communication technologies 
and soft skills. Many students struggle to secure internships needed for 
graduation. Employers recognize the value of graduates in improving 
productivity for local businesses.

(Fawaz-Yissi & Vallejos-Cartes, 2020)

The study involved 271 graduates (1990 and 2013) from 
TVET schools. It also included 12 semi-structured 
interviews with experienced teachers from various TVET 
specialties. Focus groups were conducted with 16 students, 
comprising 11th- and 12th-graders and 8th- and 9th-
graders.
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Portugal Skills mismatch refers to the gap between job seekers' 
qualifications and market needs, which can arise from 
differences in education levels (vertical mismatch) or from 
the relevance of fields of study (horizontal mismatch). This 
issue affects vocational education and manufacturing hiring, 
prompting initiatives to align TVET with industry skill 
requirements.

The study found that the priority areas identified in the labor market do 
not always align with prospective students' interests. This trend is reflected 
in professional education, which is frequently viewed as a 'less desirable' 
option compared to traditional education and is often marginalized within 
certain educational institutions.

(Lopes et al., 2023)

The study sample comprises 305 organizations that employ 
approximately 14,000 workers, representing over 10% of the 
local workforce.

USA

The study examined the gap between the soft skills expected 
of senior members and those required for entry-level, 
assessing the importance and proficiency of these skills.

The study reveals a gap in new hires' proficiency in soft skills, including 
communication, interpersonal skills, managing uncertainty, and 
working under pressure. It noted that employers prioritize these skills for 
employability. Responses highlighted the need for courses that enhance 
these skills.

(Hirudayaraj et al., 2021)

The survey included 489 respondents. It featured 
organizations primarily from the private sector, as well as 
those from the public and other sectors.

South Africa Skills mismatch occurs when young job seekers lack the 
skills employers need, leading to unemployment among 
graduates. Under-qualification is more common than 
over-qualification. To address this, conducting a training 
needs assessment aligns vocational programs with industry 
requirements and involves employers.

A training needs assessment enhances graduates' employability by offering 
vocational programs aligned with the local labor market. Tailored training 
courses address employer demands and community skill gaps. Stakeholder 
input ensures graduates possess relevant skills, boosting productivity.

(Mayombe, 2020)

The sample comprised 568 individuals: 24 center managers 
(two from each center), 32 trainers, and 512 trainees. The 
population was unemployed youth who received training at 
12 skills training centers.

As shown in Table 2, the strength of this review is not defined solely by sample size but by factors such as sample relevance, as outlined in the Infor-
mation Power Model (Malterud et al., 2016). On one hand, quantitative studies employed representative samples, ranging from several hundred to 
over 3,000 participants. Most of these empirical studies are conducted in Global South contexts (Sabzalieva et al., 2020). These studies offer findings 
regarding internship quality, training effectiveness, and curriculum alignment. 

On the other hand, studies employing qualitative or mixed methods with small samples (fewer than 50 participants) or localized samples from the 
Global South reflect limitations in infrastructure and funding. While providing rich, context-specific insights, particularly on stakeholder perspectives, 
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rural disparities, and institutional gaps, most findings are exploratory. Meanwhile, studies from countries of the Global North tend to offer conceptual 
or sector-specific contributions, with similarly limited sample sizes. 

In terms of the implied mismatch type, Table 3 describes the type of mismatch found in each article. 

Table 3. Findings of Mismatch in the 37 Selected References

Authors (year) Mismatch Reason Mechanism behind Contextual implications Example quote

Ueki & Guaita 
Martínez 
(2020)

Skill gaps

They show that the ability to find/
solve problems (own, customer, 
and supplier) drives process 
innovation; therefore, when these 
capabilities, or the basic skills of 
engineers, are not developed, a 
mismatch arises with the goal of 
innovating.

The models from the work find 
significant associations between these 
capabilities and process innovation 
and recommend policies to nurture 
technological and managerial 
skills and problem-finding/solving 
capabilities; they even suggest 
promotion from quality to innovation.

Invest in kaizen with a focus on 
technological + managerial skills, 
management coaching, and customer-
supplier knowledge flow. Systematically 
measure problem-finding/solving 
capacity as a leading indicator of 
innovation.

"...effective employee training can 
transform employees into creative 
problem-solvers, with training in quality-
related issues that emphasize problem-
solving in small groups. This type of 
training enables employees to identify 
innovative approaches to improve the 
organization of their firms." (p. 2022)

Tsirkas et al. 
(2020) Skill gaps

In employee-employer dyadic 
analysis, employees self-assess 
higher than their bosses on 
multiple soft skills; the mismatch 
is systematic and quantifiable.

They found a negative gap (employer 
< employee) across all evaluated soft 
skills, with points on a 1–7 scale. 
Employees' skill levels do not match 
their employers' expectations, raising 
concerns about graduate preparedness 
and the effectiveness of their soft-skill 
application in the workplace.

Implement 360° feedback, shared 
rubrics, and training focused on the 
skills with the greatest gaps (e.g., 
professionalism); align performance 
expectations and integrate soft-skills 
development in VET/company.

"The results show a gap between 
employees' and their subsequent 
employers' perceptions of employees' 
soft skills. Employees seem to regard 
their skills more highly than do their 
employers…" (p. 357)
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Cardoso et al. 
(2020) Skill gaps

Based on a documentary review 
and surveys, the current profile is 
insufficient, and specific technical 
and transversal skills are required 
(e.g., interpretation of technical 
sheets, production organization, 
pattern-making software), as 
well as on-the-job learning 
methodologies to align training 
with real tasks.

The European textile-clothing sector 
is perceived as low-attractive among 
young people and faces skills gaps 
across the chain; existing VET profiles 
do not meet industry demands.

Update profiles and curricula with 
European Credit System for Vocational 
Education and Training-aligned units 
of competence; expanding work-based 
learning/dual learning to reduce 
mismatch skills and facilitate school-
work transition; strengthening talent 
attraction and company-VET center 
cooperation; use ECVET matrices for 
recognition and mobility.

"…validation with companies' 
representatives that the existing 
Clothing Technicians' profile is not 
suitable for the new demands of the 
sector." (p. 588)

Prikshat et al. 
(2020) Skill gaps

Stakeholders (government, 
employers, EV/HE) report deficits 
in graduates' key competencies 
(e.g., self-management, 
communication, teamwork, 
critical thinking). There's a gap 
between what employers require 
and what graduates show.

These deficits arise from expectation 
gaps between education and industry; 
graduates' lack of self-awareness; 
unclear employer expectations; 
limited engagement; weak training, 
onboarding, and development systems; 
reliance on traditional methods; and 
poor assessment.

Integrate competency curricular design 
with robust assessment of soft skills, 
expand work-integrated learning/
placements, induction and mentoring; 
employers-universities co-responsibility 
to close the gap in onboarding and 
initial training.

"…do not sufficiently prepare graduates 
in terms of their work readiness skills… 
Self management… communication… 
team work… cognitive… system 
thinking… innovation and creativity 
were the main… deficits reported..." 
(p. 369)

Engelhart 
& Mupinga 
(2020)

Skill gaps

The study documents deficiencies 
in employability skills (especially 
soft skills) among new entrants 
and what employers require.

The authors describe that companies 
have difficulty filling positions 
because candidates lack essential 
skills, especially work conduct, 
communication, initiative, and 
problem-solving. There is not enough 
communication between schools and 
companies.

Integrate employability skills 
frameworks into TVET; reviewing 
curricula with advice from industrial 
committees; internships and school-
business partnerships; develop career 
and technical student organizations to 
reinforce transversal competences.

"Employers have reported challenges 
in hiring employees who possess 
workplace readiness skills, partly 
because schools are not teaching the 
skills that labor markets need." (p.33)

Global Skills Gap: TVET and Manufacturing46



Ramasamy & 
Pilz (2020)

Under- 
education

The article shows that in rural 
areas of India, many potential 
workers have little schooling and 
little or no formal training, which 
prevents access to Vocational 
Training (VT) and non-
agricultural occupations, a clear 
case of a lower educational level 
than that required by the position.

The labor force's low educational level 
hinders effective vocational training 
provision, since access concentrates 
among the more educated and 
marginalizes the illiterate, less-
educated, and poor, while many rural 
areas lack formal VT systems and rely 
on informal arrangements instead. 

Design demand-driven and 
contextualized VT: micro detection of 
needs, competency-based curriculum, 
and nearby centers/flexible schedules; 
access bridges for people with low 
schooling; include functional literacy 
modules and self-employment 
itineraries.

"Access to training… does not meet the 
needs of the illiterate, less educated and 
the poor." (p. 257) 
"In many parts of rural India, there is 
no formal vocational education and 
training system…" (p. 261) 
"The low level of education in the 
labor force… has rendered it harder to 
provide the needed VT." (p. 263)

Fareri et al. 
(2020) Underskiling

The study identifies which profiles 
are (or are not) 4.0-ready and 
finds that very few contain I4.0 
technologies in their description. In 
addition, 4.0 profiles place greater 
weight on transversal skills. This 
reflects insufficient skills (technical 
+ transversal) compared to the I4.0 
standard.

Only 20% of the profiles included 
some 4.0 technologies, indicating low 
preparation; the analysis concludes 
that, in I4.0, transversal skills are 
more relevant in I4.0-profiles than in 
non-I4.0 profiles.

Diagnose and update job descriptions 
and 4.0 competency maps. Design 
upskilling/reskilling pathways that 
combine 4.0 technologies (e.g., 
predictive analytics, advanced 
manufacturing) with critical soft skills.

"…only 15 job profiles (20% of the total) 
contain at least one technology 4.0." 
(p. 10) 
"…the transversal skills… resulted more 
relevant for the profiles 4.0." (p. 17)

Fawaz Yissi & 
Vallejos Cartes 
(2020)

Skill gaps / 
Horizontal 
mismatch

Shortcomings of coordination 
with the local market configure 
a horizontal mismatch (field of 
study vs. occupation), in addition 
to a work-readiness gap.

Professors and employers report 
curricular mismatch and insufficient 
time for specialization; 52.7% of 
students consider what they have 
learned to be insufficient to be 
employed; 51.5% graduates perceive a 
lack of specialty-market coordination, 
and only 30.1% work in the same field 
of their graduating specialty; 55% of 
employers see misalignment and call 
for ICT, leadership, communication, 
and teamwork.

Strengthen STVE links with HE 
companies and institutions; update 
curricula to include ICT and soft skills, 
and early practices; design transition 
bridges for access to and success in 
higher education; adjust specialties to 
territorial productive dynamics and 
expand support for flexible internships 
and itineraries.

"According to the interviewees, there 
was a gap between vocational/technical 
education and what they experienced in the 
labor market." (p.197) 
"…schools should train students 
into the use of technology, software 
applications, management and planning 
tools as well as the development of soft 
skills." (p. 198)
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Mayombe 
(2021)

Horizontal 
mismatch

South Africa shows a high field 
of study mismatch and under 
qualification; without a rigorous 
Training Needs Assessment 
(TNA), vocational courses 
risk not matching local job 
opportunities, leaving graduates 
unemployed

The most critical element is 
consulting prospective employers and 
stakeholders before designing courses 
to confirm needs and vacancies; when 
done, programs become demand-
driven and improve the transition 
from skills acquisition to utilization. 
National evidence indicates that 
~32% of workers are mismatched 
with their field of study, underscoring 
the structural gap that needs to be 
addressed. 

Embed systematic TNA that combines 
individual analysis, stakeholder 
consultation, and labor market 
assessments; co design offerings with 
employers; select candidates based 
on interests, goals, and job demand 
to reduce mismatch and improve job 
placement. 

"…the most important aspect of the 
TNA process was that the [the school] 
managers selected and designed a training 
course after consulting and engaging the 
stakeholders… to identify needs and job 
availability..." (p. 18) 
"About 32 per cent share of workers in 
South Africa are mismatched by field of 
study." (p. 21)

Kenayathulla 
(2021) Skill gaps

Employer ratings are high on 
many domains but only medium 
in English oral communication, 
financial management, and 
entrepreneurship.

The paper documents average 
(medium) performance across three 
areas, indicating that, despite overall 
strong employability, English, finance, 
and entrepreneurial capabilities lag 
behind labor market expectations.

Integrate English for work, financial 
management, and entrepreneurship 
into TVET across certificate levels; use 
project /work based tasks (e.g., business 
plans) and industrial exposure to raise 
outcomes. 

"The question which needs to be 
considered is to what extent the 
graduates from the skills-training 
programs are able to meet the needs for 
the skilled or semi-skilled workforce in 
the country." (p. 3)

Ramamuruthy 
et al. (2021) Skill gaps

Industry experts in the automotive 
sector highlight deficits in 
technical communication 
(terminology, spoken English, 
technical writing) and related 
transferable skills (team 
communication, basic ICT 
for reporting), pointing to a 
competence gap upon entry to the 
workforce.

Causes include lack of technical 
vocabulary, poor oral proficiency, 
insufficient technical writing practice, 
weak ICT skills for reporting/analysis, 
and exam oriented preparation; 
experts call for industry–training 
collaboration and pedagogical 
modules built from real automotive 
manuals. 

Embed Technical English for the 
automotive context, technical writing 
(e.g., DTR/weekly/warranty reports), 
authentic tasks using phased out 
manuals, and co developed modules 
with firms; strengthen teamwork and 
ICT skills directly tied to reporting.

"The industry experts mainly 
emphasized the lack of technical 
communication language skills 
among graduates and the need for 
transferable skills related to technical 
communication." (p. 148)
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Yamada & 
Otchia (2021) Skill gaps

The study documents perception 
gaps between teachers and 
students in TVET regarding 
employable skills, alongside 
weak employment outcomes in 
the garment sector, evidence of 
training-to-work capability gaps, 
and misalignment with actual/
aspired trajectories. 

Most students aspire to self 
employment, which is misaligned 
with factory centered provision. While 
teachers' perceptions are shaped 
mainly by a continued reliance on 
traditional teaching methods and 
exposure to new approaches, students' 
perceptions are influenced by their 
career goals and motivation to attend 
TVET programs.

Align TVET content with students' 
aspirations and labor market realities; 
ensure meaningful industry-aligned 
cooperative training; reinforce 
entrepreneurship/managerial coverage; 
and improve teacher readiness.

"Teachers tend to highlight the 
importance of practical skills, students 
desire broader coverage of practical and 
managerial skills and entrepreneurship." 
(p. 199) 
"…garment … is one of the areas in 
which more than half of graduates do 
not find jobs after graduation." (p. 200)

Hirudayaraj et 
al. (2021) Skill gaps

A survey of ~500 employers 
shows that entry level engineers' 
proficiency lags in importance 
across 24 of 26 soft skills; the 
largest gaps are in communicating 
with diverse groups, time 
management, effective writing, 
dealing with uncertainty, and 
communicating across age 
groups.

Although ABET outcomes require 
communication, teamwork, ethics, 
and lifelong learning, employers report 
that importance consistently exceeds 
proficiency; communication across 
diverse audiences and generations 
emerges as the widest gap, with large 
differences also in writing and time 
management.

Prioritize integrated soft skills 
development in curricula, especially 
multi-audience communication, 
technical writing, presentations, time 
management, and working across 
age and cultural groups, and provide 
repeated practice and assessment 
aligned with industry contexts.

"Entry level engineers were not meeting 
the level of importance expressed by the 
organization for 24 of these 26 skills… 
The ability to communicate effectively 
with diverse groups of people has the 
greatest difference between the level of 
proficiency and the level of importance." 
(p. 1)

Allais et al. 
(2021)

Skill gaps / Skill 
shortages

The study of 114 companies 
across three manufacturing 
sectors in South Africa shows 
sector-specific skills mismatches: 
automotive integrates TVET and 
reports fewer shortages, while 
clothing-textiles reports more 
shortages and low use of TVET in 
recruitment and internal training. 

The policy focuses too much on formal 
provision and offers little sectoral 
specificity, leaving gaps between 
supply and demand. The complexity 
of the qualifications system and the 
separation between TVET and skills 
systems make it difficult to understand 
and meet the demand.

Integrate TVET into sectoral 
transformation strategies; strengthen 
on-the-job learning and on-site supplier 
networks; align industrial policy 
and training incentives; simplify the 
qualifications landscape and replace the 
design approach with deep, company-
centered links throughout the training 
cycle.

"Our focus is on the importance of 
training and skills development for 
industrial transformation and growth 
within companies." (p. 649) 
"…variances with respect to reported 
skills shortages are consistent with the 
extent to which TVET programs are 
considered at the point of hiring in each 
industry." (p. 655)
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Pilz &  
Wiemann 
(2021) 

Skill shortages

The study of 86 plants of German 
companies in China, India, and 
Mexico shows a shortage of 
specialists in certain areas.

 Unsatisfied demand for specialists 
trained for complex roles, 
predominance of local models, 
close training, without standards or 
certification.

Reinforce dual-like routes for 
intermediate/high-skill specialists, with 
greater company-school cooperation, 
standards, and certification, to meet 
costs/poaching so that the investment 
in training talent is sustainable.

"Most production processes are geared 
to manual or low-skilled activities. 
Rapid familiarization is a low-cost 
way for companies to meet short-term 
staffing needs."  (p. 103) 
"The companies surveyed pursue a 
multi-skilling approach that means 
workers can be deployed anywhere." 
(p. 107)

Maisiri & Van 
Dyk (2021) Skill shortages

Qualitative study reports I4.0 
skills shortages and training-
demand misalignment

Digital transformation; lack of 
alignment between skill requirements 
and their development (conventional); 
it highlights shortcomings in soft skills 
and the need for companies to lead 
upskilling/reskilling to preserve jobs.

Map critical vacancies (e.g., data analytics, 
automation, AR/VR), and establish 
reskilling programs with WIL, micro-
credentials, and learning factories; linking 
curriculum with sectoral demand and HR 
as a strategic partner.

"I4.0 demands higher skills than in 
conventional manufacturing." (p. 1) 
"Shortage of I4.0 skills… lack of 
alignment between skills requirement 
and skills development." (p. 6)

Rodzalan et al. 
(2022) Skill gaps

Their study repeatedly reports 
that graduates lack the skills 
industry needs and stresses the 
need to bridge present and future 
skill requirements (soft + hard/
digital).

The review highlights communication/
soft skills as increasingly critical 
in I4.0, alongside technical/digital 
(e.g., programming, cybersecurity, 
data); but higher education–industry 
misalignment persists, creating a gap 
between required and possessed skills. 

Stabilize soft & hard skills in curricula; 
expand industry–HEI collaboration 
(learning factories, structured 
internships) and digital/AI/IoT 
integration to match I4.0 demands and 
reduce graduate employability gaps. 

"Nowadays, the issue of unemployment 
among graduates… This due to number 
of graduates leave their institution 
without necessary skills required by the 
industry." (p. 357) 
"The findings… indicate that soft 
skills… are increasingly needed in the 
era of Industry 4.0." (p. 362)

Thianthai & 
Sutamchai 
(2022) 

Underskiling

In mechatronics students (with 
dual practice/apprenticeship), 
deficits emerge in skills required by 
the job, especially languages and 
communication; they themselves 
report that what they have learned 
(e.g., grammar) is not enough for 
their performance—they are less 
than the demands of the position.

The authors stress that school-work 
alignment is critical, but students state 
that teaching focuses on grammar and 
does not prepare them for technical 
manuals and interaction; Students score 
their English low and consider it only 
enough for work, which limits their 
learning on the job.

Reconfigure the curriculum towards 
mechatronic language for specific 
purposes (ESP), with real-world 
situations (manuals, reports, customer/
supplier interactions), and reinforce 
soft skills (communication, adaptability, 
interpersonal skills) through dual 
projects and plant challenges.

"I would rate my English communication 
skill… 3/10 … hardly enough for work… 
manuals are in English. Having low 
English skill also limits my learning 
ability… Our college put emphasis on 
teaching grammar too much… The 
school should teach us language for 
practical use rather than memorizing 
grammar principles." (p. 9)
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Kuntadi et al. 
(2022) Skill gaps

The study compares digital 
competencies in TVET (Indonesia/
Malaysia) and shows that, although 
both cohorts are at an intermediate 
level, their weak points are 
problem-solving and, within 
security, data/device protection, a 
clear mismatch with 4.0 demands.

Rapid changes in the world of work 
in the era of digitalization pose 
challenges to the development of 
technology-related skills.

Prioritize problem-solving pathways 
(e.g., guided troubleshooting, 
challenges) and cybersecurity literacy 
(password management, privacy, basic 
hardening), integrated into workshop 
projects and internships.

"This study aims to measure and analyse 
the digital skills level possessed by 
students who have experience in the 
industry." (p. 79) 
"…students from both universities 
scored the lowest in protecting personal 
data and protecting devices …" (p. 89)

Tommasi et al. 
(2022) 

Undereducation/
skill obsolescence

The qualitative study with 16 
training experts shows that 
there is still a risk of mismatches 
for older workers, migrants, or 
the unemployed; this creates 
an inclusion gap between the 
technological transition and 
effective labor insertion.

Authors imply that this mismatch 
is owed to the exponential and 
extensive technological upheaval in 
the workforce that Industry 4.0 will 
bring about.

Design insertion paths with a multilevel 
approach (micro–meso–macro) to 
diagnose and close gaps: i) micro 
(individual profile): Prioritizing soft 
skills (flexibility, adaptability) together 
with digital upskilling; (ii) meso 
(organization): Automation pilots (e.g., 
cells with cobots + mentoring) prior to 
full deployment; (iii) macro (sector): 
Coordinate with public employment 
services and VET to ensure that the 
skills mix responds to sectoral demand.

"Industry 4.0 will rise the gap between 
digitized and non digitized … there is 
a greater demand for younger worker... 
marginalized individuals will have 
difficulties in accessing decent work." 
(p. 180)

Gooptu et al. 
2023 Overeducation

The study focuses on state-wise 
overeducation rates, explicitly 
defining overeducation as a type 
of vertical skill mismatch in which 
the worker's education level 
exceeds the job requirements.

Evidence shows high national 
overeducation (previous estimates: 
55% in industry / 66% in 
manufacturing), very low incidence 
of formal vocational training (e.g., 
3.21% among regular/salaried & 
casual workers), supply-driven TVET 
with weak industry alignment, and 
large informality, all contributing to 
mismatch.

Expand and improve the quality of 
vocational training, integrate with 
industry demand (state specific), 
strengthen certification/recognition 
(esp. for informal workers), and 
mainstream vocational exposure per 
the National Education policy 2020, 
actions the authors discuss to mitigate 
overeducation. 

The article … "looks into the state wise 
overeducation rates, a type of vertical 
skill mismatch where the education 
level of the worker exceeds the job 
requirements." (p. 1)
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Ngatiman et al. 
2023 Skill gaps

There is a challenge in 
implementing the elements of 
the Industrial Revolution 4.0 in 
TVET; as a result, graduates do 
not develop the skills the industry 
needs.

The qualitative study identifies five 
challenges to implementing IR4.0 
elements: curriculum review, faculty, 
infrastructure, industry linkages, 
and governance. They point out 
that the curriculum developed to 
meet industry standards is outdated, 
internet access is limited, and 
software/equipment is insufficient; 
in addition, teaching competence in 
IR4.0 technologies (e.g., CNC, 3D 
printing) is uneven.

Prioritize a curricular revisit with 
a list of minimum infrastructure 
(connectivity, software, 4.0 teaching 
cells), a teacher upskilling plan (CNC/
IoT), and industry-school agreements 
with the loan of equipment/simulators 
and dual stays; articulate it with the 
Technical and Vocational Education 
and Training Division and K-12 
funding.

"...the implementation of IR4.0 elements 
in TVET, especially in VC [Vocational 
College], is to ensure the parallel 
production of national manpower 
resources and meet the needs of the 
industry. In addition, a workforce 
that does not match the needs of the 
industry can be addressed." (p. 178)

Lopes et al. 
2023

Horizontal 
mismatch

The System for Anticipating 
Qualification Needs methodology 
enables the anticipation of 
priority ratings; when comparing 
priorities vs. VET supply, 8 areas 
are below the bisector (demand 
> supply), and others are above 
(supply > demand).  

Low ratio of young people; still, the 
unemployment of these individuals is 
higher than overall, suggesting a skills 
misalignment; VET courses may not 
consider future demand needs, but 
accommodation necessities; there is 
a need for employer involvement in 
design.

Adjust VET quotas/portfolio to 
regional priorities. Consolidate 
structured dialogue with employers 
and articulate the VET network at the 
territorial level. "...immigration and 
its management, the skills needed for 
digital transformation and the social 
sustainability of the regions were 
referred to… as… challenges to be 
faced... by companies in the region." 
(p. 13)

"...the priority areas in the labour 
market perspective are not always in 
demand by future students…. Changing 
the names and syllabus of some courses 
may also play a role in increasing 
demand." (p. 13)

Pacher et al. 
(2023) Skill gaps

The paper states that Industry 
5.0 requires a realignment of 
the necessary skills and stresses 
the need for enhanced special 
and transversal competencies, 
which current engineering/
VET provision has not yet 
systematically developed, 
indicating a capability gap relative 
to new requirements.

Drivers like digitalization and 
sustainability demand broader 
competencies (e.g., lean thinking, 
data science, transversal skills), but 
methodical approaches to systematic 
competence development are scarce, 
prompting the authors to devise an 
exemplar competence profile for 
industrial logistics education. 

Use competence profiles to guide 
curriculum/content and assessment; 
broaden learning outcomes to include 
transversal (social, methodological, 
intrapersonal) alongside special 
competencies; co design with 
stakeholders and implement modern 
teaching/learning methods aligned to 
Industry 5.0.

"Industry 5.0 … require a complete 
realignment of the skills required 
… demand a complex variety of 
enhanced special competencies (e.g., 
lean thinking, data science skills) and 
transversal competencies …" (p. 1)
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Elbarrad & 
Belassi (2023) Skill gaps

This study examines what 
employers expect from new 
hire graduates. It compares the 
competency map with students' 
perceived confidence and 
professionals' usage.

Students report lower confidence in 
some skills, whereas professionals use 
them more; furthermore, the rankings 
of enabling sub-competencies differ 
between students and professionals, 
indicating a misalignment in the most 
crucial competency.

Keep curricula mapped, but also 
monitor and rebalance emphasis where 
confidence is low, and usage is high; 
track and align sub competencies with 
workplace priorities. 

"...competencies that students retain may 
differ from what employers require… 
Employers may have their own sets of 
competencies that are considered crucial 
to their businesses, and they may differ 
from what students and [post-secondary 
institutions] believe is important." (p. 
427)

Anwar et al. 
(2023) Underskiling

They compare students' abilities 
across internships in large 
vs. small industries and find 
significant differences in the 
methodological, personal, 
and social dimensions (not 
in learning/technique). This 
demonstrates an environmental 
mismatch that affects capacity 
development.

The independent t-test is significant in 
3 aspects (methodological, personal, 
and social). In addition, they conclude 
that those who practice in large 
industries have developed more skills 
than those who practice in small 
industries.

Adjust the design of practices: 
minimum environmental standards 
(tutoring, SOP, infrastructure), micro-
projects to fill gaps in SMEs, and prior 
training (methodology, self-regulation, 
teamwork) to mitigate context-specific 
gaps.

"...students who carry out work practice 
programs in large industries are more 
mature in mastering capabilities than in 
small industries." (p. 657) 
"...the independent sample t test 
were significant in three aspects… 
methodological capability, personal 
capability, and social methodology. It 
means that the level of capability … has 
a significant difference." (p. 663)

Mesuwini et al. 
(2023)

Skill  
obsolescence

The article documents that many 
TVET teachers in South Africa 
have outdated or non-existent 
knowledge/experience

A lack of keeping up to date 
with cutting-edge technological 
developments

Regular work-integrated learning 
programs for teachers, stay in industry, 
mentoring, and technological updating 
(CNC, programming, security); align 
teacher qualifications policy with 
substantive components of workplace 
experience.

"…the currency of workplace knowledge 
and experience of TVET lecturers is 
often non existent or outdated." (p. 83)
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Schneider & 
Pilz (2024)

Skill gaps/Skill 
shortage

"…a mismatch exists on the 
qualitative level, since the level 
of skills and competencies 
among employees is not 
sufficiently developed to meet the 
requirements of everyday work. 
On the other hand, it exists also 
on the quantitative level, since a 
large number of employees are 
needed..." (p. 5)

Multifactorial: not very widespread 
VET, or poor quality, lack of 
coordination between sectors, and low 
salaries paid to graduates from the 
VET sector.

Prioritize VET reforms: more practical 
components and apprenticeships, 
robust cooperation with employers, 
curriculum updating, and teacher 
training; deploy the Dual System with 
fewer bureaucratic hurdles (today with 
limited impact).

"The country has a particular demand 
for skilled laborers, especially at the 
semi-skilled level, in various sectors.  
However, many young people find 
it challenging to acquire the skills 
employers demand." (p. 1)

Aranda 
Jiménez et al. 
(2024)

Skill gaps

In Spain, skills deficits in 
digitalization/I4.0: 50% of the 
population lack basic digital skills; 
2/3 of companies are not making 
sufficient progress; the Delphi 
study identifies key skills to 
improve professional conduct.

Digital gap, need for re-skilling, 
priority skills

Focus training and selection plans on 
teamwork, conduct, management, and 
problem-solving; align curricula with 
these skills to accelerate progress in 
digital culture and I4.0.

"These results allow companies to be 
guided in terms of employee training… 
Additionally, educational institutions 
can review their study plans, increasing 
the relevance of the skills that 
companies value the most." (p. 235)

Trávníčková et 
al. (2024) Skill gaps

In Central European automotive 
companies, digital and soft 
competencies, current and 3-year 
future, are key; however, there is 
evidence of incomplete training 
in new technologies, suggesting a 
planning/coverage gap.

Interviews (8 firms) + CVTS/Eurostat: 
conclude that "digital competency 
and soft skills are currently the most 
important competencies" and that soft 
skills "will be in high demand" (p. 59) 
in 3 years; They cite that a quarter of 
workers have never received recent 
technology/digital training, fueling 
the gap.

Rebalancing L&D portfolios towards 
70/30 soft-hard (according to internal 
company evidence), with digital 
itineraries (PowerBI/LMS/automation) 
and CVTS-like metrics per site. 
Formalize three-year skills forecast and 
e-learning + on-the-job to accelerate 
coverage.

"…the findings in this article 
demonstrate that digital competency 
and soft skills are currently the most 
important competencies for employee 
development within the automotive 
sector in Central Europe… It has been 
proven that employees' soft competencies 
are preferable today and will be in great 
demand in the next three years." (p.159) 
"...a quarter of respondents have never 
attended training on new technologies 
and digital trends." (p. 63)
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Al Asfour & 
Zhao (2024) Underskiling

Illinois manufacturing leaders 
report that many candidates fail 
to translate their credentials and 
academic content into practical 
plant competencies; as a result, 
they start in entry-level positions 
and require intensive training, 
which shows a mismatch between 
education and execution.

They describe two central themes: 
(1) a deficit of perdurable skills (e.g., 
judgment, work ethic, collaboration) 
and (2) difficulty in moving from 
knowing to doing (machine operation, 
resolution in a real context). There 
is a polarization of over-qualified 
profiles (high degree, little practice) 
and under-qualified (without basis or 
practice); both end up in initial roles 
and rely on on-the-job training and 
partnerships with community colleges.

Integrate dual apprenticeships: 
creditable apprenticeships, co-ops, 
and capstones with plant teams and 
KPIs; set up/operation modules 
in real or simulated cells; micro 
credentials of perdurable skills (ethics, 
communication, time management) 
linked to performance in the workshop; 
Curriculum design co-created with 
local companies to align teams, 
processes, and evaluation.

"Many candidates … went straight from 
a four year program to get a master's 
… We do not put them in high level 
positions … manufacturing majors 
… need to have practical exposure in 
addition to theoretical preparation...." 
(p. 85) 
"Skills are not perceived as a stagnant 
set … we do that through job specific 
training." (p. 86).

Cui et al. (2024) Underskiling

COMET assessment finds most 
students only reach functional 
(sometimes processual) levels, 
with scant shaping competence 
and a risk group at the nominal 
level (i.e., insufficient competence 
depth to meet higher-order 
workplace demands). 

The study attributes competence 
shortfalls to internship design/quality 
and person–environment (P–E) fit. 
Better person-job/vocation fit and 
high quality internships (autonomy, 
task identity/variety, feedback) are 
positively related to competence.

Move from one-size-fits-all placements 
to student-centered, high-quality 
internships; match students by P–E 
fit and ensure tasks with skill variety, 
autonomy, and feedback to cultivate 
processual/shaping competence (not 
just functional). 

"The majority of students have attained 
fundamental functional competencies… 
However, there is a tendency to 
overlook the cultivation of shaping 
competence." (p. 89).

Ngware et al. 
(2024) Skill gaps

The article points to capability 
gaps produced by supply side 
constraints.

Multi level regression shows lower 
whole youth development where 
institutions are inadequately equipped, 
and in less resourced counties.

Equip labs/workshops and strengthen 
work integrated training/industry 
linkages, focusing on disadvantaged 
regions/institution types (e.g., VTCs) 
to close inequities in whole youth 
development skill acquisition.

"Youths leaving training institutions in 
Kenya experience various challenges 
associated with skills gap, including 
incapacity to access, sustain, and 
progress in the labor market." (p. 197)

Zervas & 
Stiakakis (2024) Skill gaps

In VET, structured experiences 
and the use of educational 
platforms do raise digital skills; 
the study reveals gaps if there is 
no pedagogical design.

The rapid evolution of digital 
technologies requires students to be 
familiar with new software. Employers 
need workers who do not need 
extensive training. 

Prioritize structured exposure: 
mobility (Erasmus/stays), Moodle-type 
platforms, and sequences with assessed 
tasks; do not assume that everyday use 
closes the gap. Include cybersecurity 
and content management modules.

"…participation in Erasmus programs 
and the use of educational platforms 
significantly enhance students' digital 
skills… Conversely, daily computer 
use alone does not significantly impact 
digital skills." (p. 1)
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Sibiya (2024) Skill shortages

In South Africa's automotive 
industry, there is a shortage 
of artisans/technicians, but 
companies report that growth 
does not depend on closing that 
gap with formal TVET.

Based on surveys (61 firms) and 
11 interviews, the study shows 
that formal TVET does not drive 
technology, organizational, or product 
changes; companies address these 
with accredited in-house centers, dual 
training, and on-the-job training, and 
require, at higher levels, trade tests/
engineering degrees. Operators value 
secondary for reading and writing, and 
numeracy for internal training.

Rethink TVET policy to recognize and 
articulate the informal and non-formal 
in business; aligning the offer with 
industrial strategy and real drivers of 
change; strengthening apprenticeships 
and curricular co-management with 
original equipment manufacturers/
suppliers; using TVET as a complement 
to technological modernization, not as 
its engine.

"…there is a shortage of artisans/
technicians… [yet] the shortage… does 
not affect company growth." (p. 6) 
"TVET training is seen as poor and 
weak for company skills needs." (p. 7) 
"Skills do not appear to drive industrial 
growth and transformation…" (p. 9)

Yoto et al. 
(2024) Skill gaps

The paper identifies the role of 
industry in closing job-readiness gaps 
through curriculum synchronization, 
showing that without co-
management with industry, gaps 
emerge between curriculum and 
real-world requirements.

There are 6 types of curricula and 
teaching and learning methods, with 
fragmented needs and outcomes, 
while the industry is not engaged in 
curricular development.

Institutionalize co-design and co-delivery 
with industry (MoU, guest instructors, 
internships), standardize, conduct 
workshops, and consolidate product-
based learning with joint school-company 
assessment to close work-readiness gaps 
in technical skills, safety, and work habits.

"Implementing the [independent] 
curriculum results in highly positive 
outcomes." (p. 8) 
"…his approach equips students with 
the necessary skills to navigate the ever-
changing job market…" (p. 16)

Luo et al. 
(2024) Skill gaps

The panel of experts concludes 
that training in Technical 
Communication (TC) is 
insufficient in current plans, 
resulting in a mismatch between 
what manufacturing requires and 
what students learn.

In China, Career English does 
not cover CT (technical writing, 
presentations, process/data 
interpretation). For this reason, the 
experts prioritize written and oral 
TC objectives and topics, including 
Quality, Manufacturing, and Market 
Research.

Integrate a cross-cutting CT module 
(technical writing + presentations + 
teamwork) with situated activities 
(cases, simulations, task-driven 
strategy) and assessment in practice; 
align content with Automobile 
Manufacturing and use co-design with 
industry

"…employers were dissatisfied with the 
communication skills at the workplace 
among vocational college graduates." (p. 2) 
"…both College English and Career English 
courses were irrelevant to TC skills." (p 3) 
"...the two most crucial objectives for 
automobile manufacturing students were 
written and oral TC skills." (p. 12)
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Recent literature on TVET for manufacturing shows that skill mismatches do not derive only 
from obsolete content or weak school-company articulation, but also from deeper structural 
and institutional mechanisms. Fragmented governance logics are observed, in which curri-
cular decision-making is not anchored in stable sectoral systems or binding needs diagnoses, 
thereby generating horizontal (field of study different from occupation) and vertical (over- or 
undereducation) mismatches. At the same time, problems persist in the coupling between 
TVET and the labor market. The quality and context of professional internships (company 
size, task types, autonomy) determine the development of competencies, creating gaps even 
with the same curriculum (e.g., significant differences between students in large vs. small in-
dustries). Evidence also shows that although some programs claim to be aligned with indus-
try standards, workshops, infrastructure, teachers, and evaluation mechanisms do not sup-
port this aspiration, thereby reproducing narrow training models focused on low-complexity 
tasks that fail to develop skills for real-world contexts.

Most studies agree that advances in manufacturing technology widen the skills gap among 
TVET graduates. The following paragraphs, organized under thematic convergence, present 
the general findings.

4.2	 Skill Gap

Graduates and employers report a gap between TVET graduates' qualifications and the job require-
ments of the manufacturing industry (Sevilla & Farías, 2020). The rapid technological changes and 
complex production processes, as well as the overlooked socio-economic conditions of learners, 
are some challenges to meeting the needs of modern jobs, as shown in studies from India, Portugal, 
Spain, and Romania (Cardoso et al., 2020; Ramasamy & Pilz, 2020; Schneider & Pilz, 2024).

In rural India, some top-down vocational programs lack awareness of available local resources 
and market conditions and consequently fail due to inadequate needs analysis for training (Rama-
samy & Pilz, 2020). These programs are ineffective because they are not relevant to the targeted po-
pulation. Mesuwini et al. (2023) reported that the lack of skills among TVET instructors in South 
Africa exacerbates the skills mismatch. Authors from Spain, in an in-depth analysis of the specific 
skills employees need across industries, found that eight types of skills influence seven types of be-
haviors required to meet the demands of digitalization in companies (Aranda-Jiménez et al., 2024). 

In the United States, possessing sound theoretical knowledge but lacking practical skills results 
in low employee motivation and performance, which, in turn, leads to employer dissatisfaction and 
decreased productivity (Al-Asfour & Zhao, 2024). Business-education partnerships and advisory 
committees, which provide mentoring, job placement, guest speaking engagements, donations, 
and scholarships, have been recommended in the same country (Engelhart & Mupinga, 2020).
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4.3	 Continuous Education and Structural Barriers

There is also a need for on-the-job continuing education systems. Studies from Australia and 
Ethiopia reported a general deficit in employees' soft and technical skills among employers and 
other stakeholders (Prikshat et al., 2020; Yamada & Otchia, 2020). For countries such as Italy, 
Laos, Thailand, and Vietnam, as well as South Africa, a strategy of continuous training that 
integrates both skill types is a suggested solution to align skills with industry needs (Maisiri & 
van Dyk, 2021; Tommasi et al., 2022). 

Structural barriers, such as fragmented educational systems and limited infrastructure and 
industry engagement, exacerbate these skill deficits. For instance, in Ethiopia, limited industry 
collaboration results in a fragmented curriculum and outdated knowledge (Yamada & Otchia, 
2020). Similarly, infrastructural weaknesses prevent meaningful industry alignment in Malay-
sia (Ngatiman et al., 2023). In Thailand, economic inequalities hinder access to TVET resour-
ces, exacerbating regional disparities in technical skill development; thus, some schools provide 
financial support for low-income students (Thianthai & Sutamchai, 2022). 

According to a study in South Africa, overcoming these disparities requires inclusive policy 
frameworks that address inequities in access to training while promoting systemic reforms (Al-
lais et al., 2021). In Indonesia, public investment is recommended to provide the infrastructure 
needed to meet the dynamic demands of modern manufacturing (Anwar et al., 2023).

4.4	 Stakeholders' Engagement and Partnerships

Stakeholders are necessary in TVET implementation. It ensures alignment with regional 
socio-economic needs, creating context-specific models that reflect the industrial require-
ments of different contexts, as observed in studies from South Africa, Indonesia, and Malay-
sia (Kuntadi et al., 2022; Mayombe, 2020). Structured internships and apprenticeships offer 
practical experience that bridges the gap between classroom learning and industrial applica-
tion (Rodzalan et al., 2022). In Malaysia, this is true in the automotive sector (Ramamuruthy 
et al., 2021). In Germany, Mexico, India, and Malaysia, the Dual Training Systems (DTS) ex-
emplify a successful model by integrating classroom education with on-the-job training, pro-
viding graduates with real-world experience (Kenayathulla, 2021; Pilz & Wiemann, 2021). 

China has successfully implemented structured (person-environment) internships, en-
suring that TVET curricula remain responsive to technological advancements (Cui et al., 
2024). In the same country, these partnerships foster innovation by incorporating emerging 
technologies and topics, such as technical communication, into training modules (Luo et al., 
2024). In India, integrating industry-led programs into TVET systems promotes continuous 
feedback and improves graduate employability (Gooptu et al., 2023).
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4.5	 Regulatory Frameworks

Constructing regulatory frameworks to modernize TVET programs and sustain their re-
levance to economic priorities is important. As evidenced by studies in South Africa and 
Greece, promoting digital inclusion (across gender, race, and wage levels) in education can 
drive equitable workforce participation across diverse socio-economic contexts (Sibiya, 2024; 
Zervas & Stiakakis, 2024). Digital upskilling and investments in equipment have also been 
reported as necessary in Kenya to bridge the skills gaps (Ngware et al., 2024). 

Government policies address skills mismatches by aligning educational systems with 
labor market needs. For example, China's reforms in continuing education and employer 
partnerships aim to enhance workforce readiness for technological advancements (Cui et al., 
2024). In contrast, the policy landscape in Ethiopia remains constrained by funding shortfalls 
and institutional limitations (Yamada & Otchia, 2020). 

In this sense, regional collaboration between companies may play an important role in 
employee training and development, adaptability, and innovation, as demonstrated in the ca-
ses of the Czech Republic, Greece, and Portugal (Trávníčková et al., 2024; Tsirkas et al., 2020; 
Lopes et al., 2023). Successful outcomes were achieved through Indonesia's Merdeka (Inde-
pendent) curriculum for vocational schools (Yoto et al., 2024), which encourages curriculum 
adoption by promoting a 5S Japanese work culture through seminars, workplace support, 
and the reinforcement of key work traits. 

5	 Discussion
We structured this section according to the four research questions. First, the specific skill 
gap (RQ1) between TVET graduates' skills and the manufacturing industry's expectations is 
shown in Table 4. 

Table 4: Classification of Skills Relevant to Addressing the Mismatch in the Manufacturing Industry

Category Skill

Technical

Digital, technical writing and communication, STEM, engineering, ICT literacy, data analytics, robotics, 
electrical and electronic, production, operating tools and machinery, mechatronics, tool operation, au-
tomotive engineering, manufacturing technology, practical training, trade, industry-specific knowledge, 
software proficiency, coding, technological adaptation.

Methodological
Problem-solving, decision-making, critical thinking, learning, process innovation, quality control ma-
nagement, cognitive management, creativity, self-management, task design, initiative, perseverance, en-
trepreneurship, strategic alignment, and learning outcomes assessment.

Interpersonal

Communication, teamwork, collaboration, emotional intelligence, language, workplace adaptability, 
commitment to objectives, job placement readiness, work ethic, customer service, relationship building, 
social skills, employee-employer interactions, leadership, cross-functional teamwork, conflict resolution, 
work-based learning, adaptability, and networking.



60 Global Skills Gap: TVET and Manufacturing

Without hands-on experience and exposure to advanced technologies, students graduate 
with theoretical knowledge but lack the practical skills and adaptability necessary for success 
in the workplace. In Malaysia, integrating skills such as entrepreneurship, communication, 
and financial management into TVET curricula was suggested to help meet these require-
ments (Kenayathulla, 2021). 

In South Africa, as in Canada, outdated educational systems fail to prepare graduates for 
rapid technological advancements and globalization, which require updated learning out-
comes and skill profiles (Allais et al., 2021; Elbarrad & Belassi, 2023). These systems hinder 
curriculum innovation and the ability to address the emerging demands of modern manu-
facturing sectors (automation and artificial intelligence). As a result, graduates struggle to 
meet the expectations of industries evolving under industrial standards.

In South Africa, a focus on high-demand occupations has overlooked specific sectoral 
needs, resulting in shortages in system automation (Allais et al., 2021). In Ethiopia, a frag-
mented qualification framework (catch-all) fails to keep pace with technological change in 
the textile industry (Yamada & Otchia, 2020). External factors, such as insufficient industry 
involvement, inadequate facilities, a lack of structured data on job profiles, and inadequate 
support for small industries, contribute to the skills mismatch (Fareri et al., 2020; Kenaya-
thulla, 2021).

Structured apprenticeships and hands-on training effectively bridge the gap between 
theoretical knowledge and real-world industrial applications (RQ2). Better outcomes have 
been observed in countries where programs are well integrated with industry, such as through 
DTS, a pattern that aligns with Freeman's educational mismatch theory. The German dual 
TVET model practiced in China and Mexico, as well as the multi-skilling Indian model, 
are successful examples. In Ethiopia, TVET programs have improved skills alignment by 
tailoring training to sector-specific needs (Yamada & Otchia, 2020). 

Initiatives that integrate industry feedback into curriculum design have proven effective 
in aligning skills development with workforce demands, as evidenced by Malaysian indus-
try participation in collaborative programs (Kenayathulla, 2021). This involves enhancing 
graduates' skills in applying knowledge, organizing work, using equipment, developing in-
terpersonal skills, and engaging as team members in real-world jobs (Kenayathulla, 2021). 
However, special attention should be given to standardizing the training, company curricula, 
instructor training, and cooperation between the private and public sectors (Pilz & Wie-
mann, 2021). 

Figure 6 illustrates the relationship between employability, skills development, job place-
ment, and productivity that TVET systems should consider. 
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Figure 6: Key Dimensions Linking TVET Strategies to  
Workforce Outcomes in the Manufacturing Sector

As seen in Table 3, manufacturing is undergoing a transition marked by the rapid adoption of 
new technologies, particularly artificial intelligence, while educational institutions advance 
more slowly. This gap has intensified industry demands for new competencies and has con-
tributed to the expansion of companies seeking highly specialized skills, making the horizon-
tal mismatch increasingly evident and widening existing skill gaps. The literature frequently 
points to gaps between regional needs and differing perceptions among students and emplo-
yers, highlighting a lack of coordination within the system, especially in local contexts with 
fewer resources. Insufficient faculty updating can reinforce these mismatches, while large 
industries often address their shortages through in-house training, leaving other sectors at 
a disadvantage. Although TVET programs are widely perceived as improving employability 
by serving as systems that develop individual skills, many lack contextualized, sufficiently 
independent curricula aligned with emerging productive environments. 

Although the reviewed studies demonstrate that skills mismatches in TVET systems are 
a global concern, their underlying causes, severity, and the effectiveness of responses differ 
by region (RQ3). Socioeconomic conditions, infrastructure disparities, and the strength of 
institutional frameworks influence this. Where international trends are identified, these are 
supported by multi-country studies, as in the case of the triads China, India, and Mexico, and 
Portugal, Spain, and Romania (e.g., Cardoso et al., 2020; Pilz & Wiemann, 2021) or compa-
rative syntheses involving local or multinational companies, as in Italy or Laos, Thailand, and 
Vietnam (e.g., Fareri et al., 2020; Ueki & Guaita Martínez, 2020).
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Contextual factors, such as technological advancements, economic conditions, and policy 
frameworks, influence the skills gaps. In Italy, systemic weaknesses, such as limited exposure 
to practical, collaborative work and uncertain, disruptive environments, exacerbate the issue 
(Tommasi et al., 2022). This challenge is pronounced in developing contexts, where access to 
advanced training infrastructure remains limited, hindering the development of digital and 
technical skills (Ngware et al., 2024).

In some countries, such as Greece, candidates overestimate their skills, while employers 
have lower expectations, leading graduates to struggle to secure placements in manufactu-
ring jobs (Tsirkas et al., 2020). This misalignment reflects the absence of adequate theoretical 
and institutional frameworks to bridge the gap, as Freeman's theory emphasizes, by aligning 
educational outcomes with labor market needs to reduce structural unemployment.

These structural conditions lead to mismatches in where and under what conditions the 
training is implemented. Developing regions or ill-equipped institutions consistently produce 
lower levels of skills development, face persistent skill shortages, and hybrid work trajectories 
stress the traditional function of TVET. For governance, this means moving from supply-dri-
ven models to sectoral schemes with continuous diagnosis, binding employer participation, 
and policies that integrate TVET with industrial strategies. For curricular development, it is 
necessary to break the inertia and review the standards, considering a minimum infrastruc-
ture, updated teaching profiles, authentic evaluation, and essential transversal competencies 
(technical communication, problem solving, digitalization). And for cooperation models, 
the literature suggests that forms of co-design and co-implementation are needed that really 
modify learning conditions and enable curriculum, practice, and productive demand to align 
in real life.

As a future direction (RQ4), research may explore effective models for integrating inter-
personal and soft skills alongside technical and STEM skills in TVET programs, as seen in 
Italy (Tommasi et al., 2022), and investigate the role of these solutions. Furthermore, few 
studies examine how students are trained to offer professional services independently or to 
start their own businesses, or study the gender gap in this topic. Thus, studies may focus on 
economic and social impacts. Research could include quantitative assessments of how well 
TVET graduates meet employers' needs, with a focus on the economic benefits of the ma-
nufacturing industry for countries such as South Africa (Maisiri & van Dyk, 2021). Additio-
nally, exploring the role of TVET systems in promoting inclusivity (gender and social status) 
and participation in technical fields would contribute to broader social impacts.

Digital transformation has become a major driver of misalignment between training sup-
ply and labor market needs. In this scenario, prospective studies can inform the design of 
course offerings that align with emerging technologies and industry demands. In this con-
text, assessing the impact of introducing new learning content and technologies (AI, robotics, 
data analytics, and IoT) into training programs on graduates' employability and workforce 



63Vázquez-Villegas, Borrego

productivity, as in the Austrian case (Pacher et al., 2023), would be a good option. The adop-
tion and impact of virtual learning tools, simulators, and smart factories in TVET education 
that simulate real-world manufacturing environments can be explored.

Research may explore innovative policy frameworks and governance structures that can 
modernize TVET systems. Investigating the roles of government incentives, funding models, 
and quality assurance mechanisms in improving TVET outcomes can inform policymaking. 
Mechanisms and structures for government-industry-education public-private partnerships 
should be characterized (Schneider & Pilz, 2024), taking into account regional disparities 
in TVET systems (Ngware et al., 2024; Prikshat et al., 2020). Comparative and case studies 
can highlight barriers to skills development and provide solutions tailored to regional con-
texts. Assessing the impact of national skills strategies and regulatory reforms on addressing 
workforce alignment, as observed in studies conducted in India and Malaysia, is necessary to 
explore the institutional context (Kenayathulla, 2021; Schneider & Pilz, 2024).

Finally, longitudinal studies can measure the impact of structured apprenticeships, men-
torships, internships, and DTS on skills development, employability, job placement, and 
productivity outcomes. These can focus on the effectiveness of short-term certification pro-
grams, micro-credentialing, and upskilling initiatives that address rapid technological chan-
ges, and explore new learning models, such as challenge-based or project-based learning, 
online platforms, or blended learning in TVET education.

6	 Limitations
Firstly, the scoping review shows some methodological limitations. The selection for articles 
based on titles and abstracts may have excluded pertinent studies that explore practical me-
thodologies or localized experiences not explicitly captured in the keywords. Excluding grey 
literature (government reports and corporate documents) can overlook critical insights into 
the industry's dynamic requirements (Davies et al., 2024). The temporal cutoff may have ex-
cluded older research that offers significant historical perspectives (Jesus et al., 2022). Relying 
on one language and journal-level metrics (such as SJR quartiles) introduces systemic bias 
against regional or emerging journals (Veretennik & Yudkevich, 2023). These metrics under-
value the scientific contributions of locally oriented publications, penalizing valuable work 
that plays a key role in research, particularly in the Global South. 

Second, as we conducted a scoping review, we aim to outline rather than synthesize the 
existing literature; therefore, some information may appear general (Hadie, 2024). The use 
of the IA-powered tool may also have increased this limitation, even though the authors va-
lidated the information provided. The interpretation of findings depends on the researcher's 
perspective and approach, which may affect the prioritization of strategies to bridge the 
skills gap (Davies et al., 2024). Some broader statements, such as systemic barriers, outdated 
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curricula, and the advantages of structured person-environment training models, are emer-
ging from recurring patterns observed across contexts. Further research is needed to evaluate 
the long-term success of alignment mechanisms. Supporting citations are provided where 
relevant; however, empirical studies with robust designs and broader geographic coverage are 
needed to validate and further refine these findings.

7	 Conclusion
There is a persistent gap between the skills of TVET graduates and the needs of the manufac-
turing sector worldwide. In developed countries, rapid technological advancements increase 
the demand for highly specialized technical and digital skills. Developing regions face addi-
tional challenges, including outdated curricula, insufficient technological infrastructure, and 
limited industry collaboration. Overall, the issue is shaped by multidimensional, multilevel, 
and context-dependent factors that require comprehensive strategies to improve the cohe-
rence and responsiveness of the TVET system.

There are models of success that can offer valuable insights. In some countries, DTS ef-
fectively bridges the gap between education and industry. In many other regions, TVET gra-
duates continue to emerge with theoretical knowledge but insufficient practical exposure to 
modern manufacturing technologies. This disconnect undermines their employability and 
inhibits industries' ability to adapt to and capitalize on technological advancements.

Addressing the skills mismatch will require a multifaceted strategy of reskilling, life-
long learning, technological integration, and stronger public-private partnerships. Tailored 
regional policies and infrastructure investments may overcome disparities. By adopting 
innovative solutions and promoting collaboration, TVET systems can close the skills gap, 
enhance workforce readiness, and drive industrial competitiveness in a technology-driven 
economy.

Future studies could focus on specific countries or regions, complementing broader pat-
terns to gain deeper insights and provide tailored recommendations. Such case studies must 
examine national policies, institutional frameworks, and stakeholder roles that impact TVET 
effectiveness. Longitudinal data on reforms are needed. Research questions might include: 
How do TVET-industry collaborations perform in rural vs. urban areas? Do skills mismat-
ches vary across cities and contexts? Comparative urban studies could reveal whether and 
how issues such as outdated curricula, poor industry connections, or digital gaps are univer-
sal or locally influenced.
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