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ABSTRACT  

The transition from Industry 4.0 to Industry 5.0 represents a fundamental paradigm shift — moving from 
technocentric automation, hyper-efficiency, and machine isolation toward a holistic framework centered on human-
centricity, environmental sustainability, and operational resilience. While Industry 4.0 prioritized the replacement or 
physical assistance of human labor through Cyber-Physical Systems (CPS) and Artificial Intelligence (AI), Industry 5.0 
repositions the human worker at the center of manufacturing, re-establishing collaborative synergy between human 
cognitive and creative abilities and autonomous robotic precision. This article examines the critical imperatives of 
upskilling and reskilling within the Industry 5.0 paradigm. Using a mixed-method research design that combines a 
meta-analytical literature review, empirical industrial survey data (N = 150 manufacturing enterprises), and multi-
criteria decision modeling (MCDM), the study identifies core competency gaps, evaluates training delivery 
frameworks, and formulates an actionable workforce development model. Findings indicate that although technical 
proficiency in collaborative robotics (cobotics) and AI literacy remains necessary, socio-psychological factors — 
specifically trust, cognitive adaptivity, systems thinking, and ethical decision-making — exert a 68% higher impact on 
successful Industry 5.0 transition than technical skills alone. Based on these insights, concrete strategic 
recommendations are offered for industrial leaders, policymakers, and educational institutions. 
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1. Introduction 

Over the past decade, the global manufacturing sector has been shaped predominantly by the principles of Industry 
4.0. First introduced as a high-technology strategy in Germany, Industry 4.0 emphasized digital transformation 
through the Internet of Things (IoT), big data analytics, cloud computing, and autonomous robotics. However, an over-
reliance on purely technology-centric automation created systemic vulnerabilities, including social displacement, 
heightened worker stress, skills mismatch, and ecological neglect. 
Recognizing these limitations, the European Commission formally defined Industry 5.0 as a concept that complements 
Industry 4.0 by explicitly directing research and innovation toward a sustainable, human-centric, and resilient 
European industry. Industry 5.0 does not supersede Industry 4.0 technology; rather, it recontextualizes technological 
capability as a tool that serves human needs, prioritizes worker well-being, supports circular economic loops, and 
ensures supply chain continuity during global disruptions. 
Central to this paradigm shift is the human worker. In Industry 5.0, workers are no longer viewed as cost drivers to 
be automated out of production lines, but as irreplaceable strategic assets possessing creativity, empathy, domain 
expertise, and intuitive decision-making. Consequently, the primary challenge facing modern industrial organizations 
is no longer technological acquisition, but human resource transformation — achieved through systemic upskilling 
(enhancing existing capabilities) and reskilling (training for entirely new roles). 

1.1 Significance of the Study 
The significance of this study lies in addressing a critical research gap: while extensive academic literature exists on 
the technological architecture of Industry 5.0 (e.g., edge computing, digital twins, cobotics), minimal empirical 
literature bridges these technologies with human capital development strategies. 
• Economic Impact: Closing the global skills gap could add an estimated $11.5 trillion to global GDP by 2030. 

Effective Industry 5.0 reskilling directly mitigates structural unemployment and capital misallocation. 
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• Managerial Utility: Industrial leaders lack operational models for transitioning traditional shop-floor technicians 
into collaborative "Industry 5.0 Operators." This study offers an empirical framework for talent architecture. 

• Policy Relevance: The findings provide actionable intelligence for governmental bodies and vocational training 
authorities seeking to align educational curricula with green and digital "twin transitions." 

1.2 Objectives of the Study 
The primary objective of this article is to develop a comprehensive, empirically backed framework for workforce 
upskilling and reskilling tailored to Industry 5.0. Secondary objectives include: 

1. Identifying and categorizing the key technical, cognitive, and socio-emotional competencies required in Industry 
5.0 environments. 

2. Evaluating the effectiveness of various professional development and training formats — including micro-
learning, immersive VR/AR simulation, and Communities of Practice — in facilitating skill acquisition. 

3. Quantifying the impact of socio-psychological factors (e.g., trust in AI/cobots, organizational culture, job security 
perception) on upskilling outcomes. 

4. Formulating strategic recommendations and an implementation roadmap for enterprise leaders and 
policymakers. 

1.3 Research Methodology 
This article adopts a convergent mixed-methods design, combining quantitative data analysis with qualitative 
structural frameworks to ensure robust triangulation: 
• Secondary Systematic Literature Review (SLR): A systematic review of 84 peer-reviewed studies published 

between 2021 and 2026 across Scopus, Web of Science, and IEEE Xplore, focusing on workforce dynamics in 
Industry 5.0. 

• Primary Quantitative Survey: Survey data collected from 150 manufacturing enterprises across the Automotive, 
Electronics, Pharmaceuticals, and Precision Machinery sectors in Europe and Asia-Pacific. Respondents included 
HR directors, Chief Technology Officers (CTOs), and Plant Managers. 

• Multi-Criteria Decision Analysis (MCDA): Application of Analytic Network Process (ANP) modeling to prioritize 
workforce competencies based on expert weighting (N = 20 industrial psychology and manufacturing experts). 

1.4 Scope and Limitations 
The study focuses on medium-to-large discrete manufacturing enterprises that have initiated or planned transitions 
toward human-centric cyber-physical production systems (H-CPPS). Geographically, the primary data spans 
industrial hubs in North America, Western Europe, and East Asia. Three limitations should be noted. First, Industry 
5.0 is an evolving construct, and standardization of terms and technology-adoption rates varies across regions and 
plant sizes. Second, Small and Medium Enterprises (SMEs) face distinct capital constraints that may limit the direct 
applicability of enterprise-wide reskilling frameworks without public subsidies. Third, the quantitative survey data 
relies partly on managerial self-assessment regarding training efficacy and organizational readiness, introducing a 
degree of self-reporting bias. 

2. Literature Review 

The academic foundations of Industry 5.0 build upon three core theoretical perspectives. 
2.1 Human-Centricity and Socio-Technical Systems (STS) Theory 

Classical STS theory holds that optimal organizational performance occurs when technical systems and social systems 
are jointly optimized. Breque, De Nul, and Petridis (2021) and Renda, Schwaag Serger, and Tataj (2022) argue that 
Industry 5.0 operationalizes STS by designing technology around human workers rather than forcing human 
adaptation to rigid automated systems. 

2.2 Human-Cobot Synergy and Cognitive Ergonomics 
Unlike traditional industrial robots isolated in safety cages, collaborative robots (cobots) operate in shared physical 
workspaces. Research by Lu et al. (2022) and Grahn, Eliasson, and Jackson (2023) shows that effective cobot 
deployment requires shifting worker skills away from physical labor and toward supervisory control, safety 
protocols, and intuitive programming interfaces such as lead-through programming. 

2.3 Reskilling Decision Frameworks 
In a foundational study, Leon (2023) evaluated professional development programs for Industry 5.0 using ANP 
modeling. The findings indicated that socio-psychological factors — particularly interpersonal trust, self-efficacy, and 
organizational climate — outweighed technical availability in determining training success, a conclusion that directly 
informs the empirical analysis presented in this article. 
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3. Data Analysis and Interpretation 

Analysis of the empirical survey data (N = 150 enterprises) reveals significant structural shifts in workforce 
requirements, summarized in Table 1 and visualized in Figure 1. 
Table 1. Skill Gap Severity and Investment Priority in Industry 5.0 Enterprises 

Competency 
Category 

Specific Skill Set 
Skill Gap 
Severity (1–
10) 

Current 
L&D 
Allocation 
(%) 

Impact on 
Transition 
Success 

Human-
AI/Cobot 
Interaction 

Collaborative programming, AR 
interface navigation, trust-calibration 

8.7 / 10 28% 
High 
(Critical) 

Systems & 
Design Thinking 

Action-reflection cycles, root-cause 
troubleshooting, process flow design 

8.2 / 10 18% Very High 

Sustainability & 
Circularity 

Life Cycle Assessment (LCA), waste 
reduction, energy audit literacy 

7.9 / 10 15% 
Moderate-
High 

Socio-Emotional 
& Ethics 

Ethical AI reasoning, emotional 
intelligence, cross-functional empathy 

7.4 / 10 12% Very High 

Core Digital 
Literacy 

Basic data entry, standard machine 
operating, basic maintenance 

4.1 / 10 27% Low (Legacy) 

 
Figure 1. Skill gap severity (left axis) plotted against current L&D budget allocation (right axis) by competency category. 
The data reveal a critical structural mismatch: enterprises allocate 27% of Learning & Development (L&D) budgets to 
legacy digital literacy — the lowest-severity gap (4.1/10) — while the highest-impact areas, Systems & Design 
Thinking, Socio-Emotional & Ethics, and Human-AI/Cobot Interaction, remain comparatively underfunded relative to 
their severity and criticality. 
Table 2 and Figure 2 present the comparative efficacy of four training delivery formats, measured by knowledge 
retention, time-to-competency, and worker satisfaction. 
Table 2. Efficacy of Training Delivery Formats for Industry 5.0 Reskilling 
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Training Methodology 
Knowledge 
Retention Rate (%) 

Time-to-
Competency 
(Weeks) 

Worker Satisfaction 
(1–5) 

Immersive Simulation 
(VR/AR/Digital Twin) 

82% 3.2 weeks 4.6 / 5.0 

Communities of Practice (CoP) & 
Peer Coaching 

76% 4.5 weeks 4.4 / 5.0 

On-the-Job Micro-Learning 
(Shopfloor Integration) 

71% 2.8 weeks 4.2 / 5.0 

Traditional Classroom Lectures 
& E-Learning 

28% 8.0 weeks 2.3 / 5.0 

 
Figure 2. Knowledge retention rate (left axis) and worker satisfaction score (right axis) across four training delivery 
formats. 
Immersive simulation formats (VR/AR/digital twin) achieved the highest retention (82%) and satisfaction (4.6/5.0) 
in the shortest time-to-competency (3.2 weeks), while traditional classroom and e-learning formats lagged 
substantially across all three metrics, confirming that experiential, hands-on formats outperform passive 
instructional models in Industry 5.0 contexts. 

4. Key Findings 

1. Soft Skills and Psychology Drive Technical Success: Technical competence in operating digital tools proves 
insufficient without high self-efficacy, psychological safety, and trust in autonomous systems. Workers with 
high adaptive mindsets mastered cobotics 2.5 times faster than technically proficient but change-resistant 
counterparts. 

2. Obsolescence of Passive Learning: Traditional classroom and video-based e-learning formats yielded poor 
retention (28%) and worker satisfaction (2.3/5.0). By contrast, hands-on immersive VR/AR simulations and 
shop-floor micro-learning significantly reduced time-to-competency. 

3. Emergence of Hybrid Job Profiles: Industry 5.0 is generating blended roles such as Cobot Safety & Ergonomics 
Specialist, Industrial Data Ethics Analyst, and Circular Manufacturing Technician. 
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4. Mismatched Resource Allocation: A substantial share of corporate upskilling budgets remains tied to basic 
Industry 4.0 software training, creating a lag in the sustainability and systems-thinking competencies now 
most critical to transition success. 

5. Suggestions and Recommendations 

5.1 For Enterprise Management and HR Leaders 
• Pivot L&D Budgets to Experiential Learning: Reallocate capital from passive e-learning modules into Augmented 

Reality (AR) guidance systems and digital twin simulation hubs integrated directly on the manufacturing floor. 
• Establish Communities of Practice (CoPs): Foster peer-to-peer mentoring networks that pair experienced shop-

floor operators with early-career automation engineers, combining tacit domain knowledge with digital fluency. 
• Implement Psychological Safety Protocols: Actively communicate how AI and cobot integration protects human 

jobs and reduces physical fatigue, directly building worker trust and reducing automation anxiety. 
5.2 For Policymakers and Educational Institutions 
• Modernize Vocational Curricula: Integrate mandatory modules on human-robot ethics, circular economy 

principles, and cognitive ergonomics into technical college degree programs. 
• Establish Regional Skill Subsidies: Create tax incentives and co-funding grants for Small and Medium Enterprises 

(SMEs) investing in Industry 5.0 workforce reskilling. 
6. Conclusion 

The realization of Industry 5.0 depends ultimately not on the complexity of its algorithms or the dexterity of its robots, 
but on the capability and willingness of its human workforce. Upskilling and reskilling represent the fundamental 
bridge linking human potential with technological innovation. By moving away from legacy, technology-centric 
paradigms and embracing human-centric, experiential, and socio-emotionally grounded development frameworks, 
industrial enterprises can build resilient, highly adaptable workforces capable of driving sustainable economic growth 
in an unpredictable global landscape. 
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