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Abstract - The transition toward Industry 5.0 necessitates a 
paradigm shift in Technical and Vocational Education and 
Training (TVET) to foster human-centric, sustainable, and 
resilient entrepreneurship. This study examines the structural 
relationships between Industry 5.0 competencies, and 
entrepreneurship development among TVET students. Using a 
quantitative research design, data were collected from 384 
TVET students and analysed through Structural Equation 
Modeling (SEM). The measurement model demonstrated 
robust reliability and validity, with composite reliability values 
ranging from 0.772 to 0.842 and average variance extracted 
(AVE) exceeding 0.40. The structural model revealed that 
digital competency (β = 0.331, p < 0.001), human-centric skills 
(β = 0.294, p < 0.001), and sustainable innovation (β = 0.239, p 
< 0.001) significantly predicted entrepreneurship intention. 
Entrepreneurship intention (β = 0.351, p < 0.001) and digital 
competency (β = 0.324, p < 0.001) exerted significant direct 
effects on entrepreneurship behaviour, while sustainable 
innovation showed an indirect effect through 
entrepreneurship intention. The model explained 43.4% of the 
variance in entrepreneurship intention and 48.7% in 
entrepreneurship behaviour. These findings underscore the 
need for competency-based TVET curricula that integrate 
Industry 5.0 principles to cultivate entrepreneurial ecosystems. 
Policy implications and pedagogical strategies for TVET 
institutions are discussed. 
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1.INTRODUCTION 
The global industrial landscape is undergoing a 
transformative shift from Industry 4.0 to Industry 5.0, 
characterized by a transition from technology-centric 
automation to human-centric, sustainable, and resilient 
production systems [1]. Unlike its predecessor, Industry 5.0 
emphasizes the collaboration between humans and 
intelligent systems, prioritizing personalization, 
sustainability, and worker well-being alongside 
technological efficiency [1], [2]. This paradigm shift demands 
a reconfiguration of workforce competencies, particularly 
within Technical and Vocational Education and Training 

(TVET) systems, which serve as critical pipelines for skilled 
labour and entrepreneurial talent [1], [2].  
Industry 5.0 introduces three foundational pillars: human-
centricity, sustainability, and resilience]. Human-centric 
production focuses on cobots and human-robot 
collaboration rather than replacement; sustainability 
mandates circular economy principles and eco-innovation; 
and resilience requires adaptive competencies to navigate 
disruptions. For TVET institutions, these pillars translate 
into new competency requirements that extend beyond 
traditional technical skills to encompass digital literacy, 
socio-emotional intelligence, and sustainable innovation 
capabilities [3]. 
Entrepreneurship development within TVET has gained 
substantial attention as nations seek to address youth 
unemployment and foster innovation-driven economies   [4]. 
The Theory of Planned Behaviour (TPB) posits that intention 
is the most proximal determinant of behaviour suggesting 
that cultivating entrepreneurship intention through targeted 
competency development is essential for actual 
entrepreneurial behaviour. However, the specific 
mechanisms through which Industry 5.0 competencies 
influence entrepreneurship outcomes in TVET contexts 
remain underexplored [4]. 
Existing literature has extensively examined Industry 4.0 
competencies and entrepreneurial intention [5], yet the 
industry 5.0 framework introduces distinct variables 
particularly human-centric skills and sustainable innovation 
orientation that warrant empirical investigation. 
Furthermore, while prior studies have employed regression-
based approaches, the complex mediating relationships 
between competencies, intention, and behaviour necessitate 
the use of Structural Equation Modeling (SEM) to 
simultaneously estimate measurement and structural 
parameters [6]. This study addresses the following research 
gaps: (1) the lack of empirical models linking Industry 5.0-
specific competencies to entrepreneurship development in 
TVET; (2) insufficient examination of entrepreneurship 
intention as a mediator between competencies and 
behaviour; and (3) limited application of covariance-based 
SEM (CB-SEM) in vocational education research. 
Accordingly, this study aims to develop and validate a 
structural model that elucidates the direct and indirect 
effects of Industry 5.0 competencies on entrepreneurship 
behaviour among TVET students. 
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2. MATERIALS AND METHODS 
2.1 Research Design and Theoretical Framework 
This study employed a quantitative, cross-sectional survey 
design guided by the Theory of Planned Behaviour and the 
Industry 5.0 competency framework [6]. The conceptual 
model posits that three exogenous constructs; Digital 
Competency (DC), Human-Centric Skills (HCS), and 
Sustainable Innovation (SI) that influence Entrepreneurship 
Intention (EI), which in turn mediates the relationship 
between these competencies and Entrepreneurship 
Behaviour (EB). Direct paths from the exogenous constructs 
to EB were also specified to capture total effects, as shown in 
figure 1. 

 
Figure 1. Conceptual framework and simulation model 

 
2.2 Participants and Sampling 
The target population comprised final-year students 
enrolled in TVET institutions offering engineering, 
information technology, and manufacturing programs. Using 
stratified random sampling, 384 respondents were recruited, 
exceeding the minimum sample size requirement of 10 
observations per estimated parameter for SEM analysis [7]. 
The sample size was determined using G*Power 3.1 with an 
anticipated effect size of 0.15, power of 0.95, and significance 
level of 0.05. A detailed demographic information is captured 
in table 1 below. 

Table 1. Demographic Profile of Respondents (N = 384) 

 

 

2.3 Instrumentation 

A structured questionnaire was developed based on validated 
scales from prior literature. All items were measured using a 
5-point Likert scale (1 = Strongly Disagree to 5 = Strongly 
Agree). The items measured are; 

Digital Competency (DC): 5 items adapted from [18] and 
[23], measuring digital literacy, data analytics awareness, and 
cyber-physical system interaction (e.g., "I can effectively use 
digital tools for problem-solving"). 

Human-Centric Skills (HCS): 5 items adapted from [19] and 
[22], assessing emotional intelligence, human-robot 
collaboration readiness, and ethical reasoning (e.g., "I can 
collaborate effectively with intelligent systems"). 

Sustainable Innovation (SI): 5 items adapted from [21] and 
[6], capturing circular economy awareness, eco-design 
thinking, and sustainable resource management (e.g., "I 
consider environmental impact when designing solutions"). 

Entrepreneurship Intention (EI): 5 items adapted from 
[10] and [11], measuring the intention to start a business 
within five years (e.g., "I am determined to create a business 
venture in the future"). 

Entrepreneurship Behaviour (EB): 5 items adapted from 
[9] and [17], assessing proactive entrepreneurial actions 
including opportunity recognition and resource mobilization 
(e.g., "I actively seek business opportunities in my field"). 

Content validity was established through expert panel review 
involving three TVET curriculum specialists and two 
entrepreneurship educators. A pilot study with 50 students 
yielded Cronbach's alpha values above 0.70 for all constructs. 

2.4   Data Analysis 

Data analysis proceeded in three stages using AMOS 26.0 and 
SPSS 27.0. First, descriptive statistics and correlation analysis 
were computed. Second, Confirmatory Factor Analysis (CFA) 
was conducted to assess the measurement model's reliability, 
convergent validity, and discriminant validity [7], [8]. 
Reliability was evaluated using Cronbach's alpha and 
Composite Reliability (CR); convergent validity was assessed 
via Average Variance Extracted (AVE). Discriminant validity 
was examined using the Fornell-Larcker criterion and the 
Heterotrait-Monotrait (HTMT) ratio [7], [8], [9]. 

Third, the structural model was estimated using Maximum 
Likelihood (ML) estimation. Model fit was evaluated using 
χ²/df, Goodness-of-Fit Index (GFI), Adjusted Goodness-of-Fit 
Index (AGFI), Comparative Fit Index (CFI), Tucker-Lewis 
Index (TLI), Root Mean Square Error of Approximation 
(RMSEA), and Standardized Root Mean Square Residual 
(SRMR) [28]. Path significance was determined at p < 0.05, 
with bootstrapping (5,000 samples) used to examine indirect 
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effects. Common method bias was assessed using Harman's 
single-factor test [10].  

 

3. RESULTS AND DISCUSSION 

3.1 Descriptive Statistics and Correlation Analysis 
Table 2 presents the means, standard deviations, and 
correlations among latent constructs. All constructs 
demonstrated acceptable mean scores above the midpoint 
(M > 3.0), indicating relatively high levels of Industry 5.0 
competencies and entrepreneurship orientation among 
TVET students. Significant positive correlations were 
observed between all constructs (p < 0.01), with the 
strongest correlation between Entrepreneurship Intention 
and Entrepreneurship Behavior (r = 0.616). 

Table 2. Descriptive Statistics and Correlation Matrix 

 
 Note. ** p < 0.01 (two-tailed). DC = Digital Competency; HCS = 
Human-Centric Skills; SI = Sustainable Innovation; EI = 
Entrepreneurship Intention; EB = Entrepreneurship Behavior. 
 

3.2 Measurement Model Assessment 
The Confirmatory Factor Analysis (CFA) measurement 
model exhibited excellent fit: χ²/df = 2.134, GFI = 0.912, AGFI 
= 0.894, CFI = 0.948, TLI = 0.941, RMSEA = 0.054 (90% CI: 
0.048–0.061), SRMR = 0.038. All indices met or exceeded 
recommended thresholds [11], [12]. 

Table 3. Reliability and Convergent Validity 

 
Note. CR = Composite Reliability; AVE = Average Variance 
Extracted. 
 
All constructs from table 3 demonstrated Cronbach's alpha 
values above 0.70 and CR values exceeding 0.70, confirming 
internal consistency reliability [12], [13]. AVE values ranged 

from 0.404 to 0.517. While the conventional threshold for 
AVE is 0.50, values between 0.40 and 0.50 are acceptable if 
CR exceeds 0.60 [14], which was satisfied in this study. 

 
 

Table 4. Factor Loadings from CFA 

 
As shown in table 4, all factor loadings exceeded 0.50, with 
most above 0.60, indicating adequate indicator reliability 
[13]. The measurement model is depicted in Figure 2. 
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Figure 2. Confirmatory factor analysis (CFA) measurement 
model 
The Fornell-Larcker criterion as shown in table 5 was 
satisfied, as the square root of AVE for each construct 
(diagonal values) exceeded its correlations with other 
constructs. Additionally, HTMT ratios were below 0.85, 
further confirming discriminant validity [15]. Harman's 
single-factor test explained 34.2% of the variance, below the 
50% threshold, indicating that common method bias was not 
a significant concern [16]. 

Table 5. Discriminant Validity (Fornell-Larcker Criterion) 

 
 

3.3 Structural Model and Hypothesis Testing 
The structural model demonstrated good fit: χ²/df = 2.134, 
GFI = 0.912, AGFI = 0.894, CFI = 0.948, TLI = 0.941, RMSEA = 
0.054, SRMR = 0.038. Figure 3 and 4 presents the 
standardized path coefficients, and Model fit indices 
comparison against recommended thresholds respectively. 

 
Figure 3. Structural equation model with standardized path 

coefficients. 

 
Figure 4. Model fit indices comparison against recommended 
thresholds The hypothesis testing results from table 6 
indicate that six out of the seven proposed hypotheses were 
supported. Specifically, Digital Competence (DC) had a 
significant positive influence on Entrepreneurial Intention 
(EI) (β = 0.331, t = 6.948, p < 0.001), while Human Capital 
Skills (HCS) (β = 0.294, t = 5.664, p < 0.001) and Social 
Influence (SI) (β = 0.239, t = 5.326, p < 0.001) also 
significantly enhanced entrepreneurial intention. 
Furthermore, Digital Competence exerted a significant 
positive effect on Entrepreneurial Behaviour (EB) (β = 0.324, 
t = 6.582, p < 0.001), and Human Capital Skills also showed a 
significant, though comparatively weaker, positive effect on 
entrepreneurial behaviour (β = 0.138, t = 2.628, p = 0.009). 
However, the direct effect of Social Influence on 
Entrepreneurial Behaviour was not statistically significant (β 
= 0.083, t = 1.839, p = 0.067), leading to the rejection of H6. 
Finally, Entrepreneurial Intention demonstrated the 
strongest positive effect on Entrepreneurial Behaviour (β = 
0.351, t = 7.007, p < 0.001), confirming that higher 
entrepreneurial intention substantially translates into 
entrepreneurial behaviour. Overall, the findings suggest that 
digital competence and human capital skills directly foster 
both entrepreneurial intention and behaviour, while social 
influence primarily affects entrepreneurial behaviour 
indirectly through entrepreneurial intention. 

Table 6. Hypothesis Testing Results 

 
Note. β = Standardized path coefficient; SE = Standard error. 
*** p < 0.001; ** p < 0.01. 
 
Table 7 below presents the direct, indirect, and total effects 
of Digital Competence (DC), Human Capital Skills (HCS), and 
Social Influence (SI) on Entrepreneurial Behaviour (EB) 
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through Entrepreneurial Intention (EI). The results show 
that Digital Competence had the strongest overall influence 
on Entrepreneurial Behaviour, with a direct effect of 0.324, 
an indirect effect of 0.116 through Entrepreneurial Intention, 
and a total effect of 0.440. Similarly, Human Capital Skills 
positively influenced Entrepreneurial Behaviour, producing 
a direct effect of 0.138, an indirect effect of 0.103 via 
Entrepreneurial Intention, and a total effect of 0.241, 
indicating that entrepreneurial intention substantially 
strengthened its overall impact. Although Social Influence 
exhibited a relatively weak direct effect on Entrepreneurial 
Behaviour (0.083), its indirect effect through 
Entrepreneurial Intention (0.084) was slightly stronger than 
its direct effect, resulting in a total effect of 0.167. These 
findings demonstrate that Entrepreneurial Intention serves 
as an important mediating mechanism through which Digital 
Competence, Human Capital Skills, and Social Influence 
enhance Entrepreneurial Behaviour, with Digital 
Competence emerging as the most influential predictor of 
entrepreneurial behaviour. 

Table 7. Direct, Indirect, and Total Effects 

 
Note. Indirect effects computed via bootstrapping (5,000 
samples). 

3.4 Discussion 
Digital Competency and Entrepreneurship Development. 
Hypotheses H1 and H4 were strongly supported, confirming 
that digital competency is the strongest predictor of both 
entrepreneurship intention (β = 0.331) and behavior (β = 
0.324) among TVET students. These findings align with [18] 
and [23], who demonstrated that digital literacy and cyber-
physical system proficiency are foundational for opportunity 
recognition and venture creation in technology-intensive 
environments. In the Industry 5.0 context, digital 
competency extends beyond basic ICT skills to encompass 
data-driven decision-making and human-digital 
collaboration [17]. TVET students who possess advanced 
digital competencies are better positioned to identify market 
gaps, leverage e-commerce platforms, and develop tech-
enabled business models. 
Human-Centric Skills and Entrepreneurship 
Development. Human-centric skills significantly influenced 
entrepreneurship intention (β = 0.294, p < 0.001) and 
behaviour (β = 0.138, p < 0.01), supporting H2 and H5. This 
finding corroborates the industry 5.0 emphasis on human-
centric production. Socio-emotional competencies, including 
empathy, ethical reasoning, and collaborative problem-
solving, appear to enhance entrepreneurial self-efficacy and 

opportunity development  [18]. Notably, the effect on 
behaviour was smaller than on intention, suggesting that 
while human-centric skills motivate entrepreneurial 
aspirations, their translation into action may require 
additional resource-based support. 
Sustainable Innovation and Entrepreneurship 
Development. Sustainable innovation significantly 
predicted entrepreneurship intention (β = 0.239, p < 0.001), 
supporting H3. However, its direct effect on 
entrepreneurship behaviour was non-significant (β = 0.083, 
p = 0.067), leading to rejection of H6. This pattern indicates 
that sustainable innovation operates primarily through 
intention rather than directly influencing behaviour. The 
total effect of sustainable innovation on behaviour (0.167) 
was entirely mediated by intention, consistent with the 
Theory of Planned Behaviour [19]  and findings from  [20]. 
TVET students with strong sustainability orientations may 
require structured incubation environments to transform 
green business ideas into operational ventures. 
The Mediating Role of Entrepreneurship Intention. 
Entrepreneurship intention significantly predicted 
behaviour (β = 0.351, p < 0.001), supporting H7 and 
confirming its pivotal mediating role. The indirect effects 
analysis revealed that digital competency (indirect effect = 
0.116), human-centric skills (0.103), and sustainable 
innovation (0.084) all exerted meaningful indirect influences 
on behaviour through intention. These findings validate the 
theoretical proposition that competency development must 
first crystallize into entrepreneurial intention before 
manifesting as concrete behaviour [21]. 
Implications for TVET Policy and Practice. The findings 
suggest a need for integrated curriculum reforms that embed 
Industry 5.0 competencies within entrepreneurship 
education [13]. Figure 7 presents a simulation framework 
illustrating how TVET ecosystems can operationalize these 
insights. 
 

 
Figure 5. Industry 5.0 simulation framework for TVET 
entrepreneurship development 
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4. CONCLUSION 
This study provides empirical evidence for the structural 
relationships between Industry 5.0 competencies and 
entrepreneurship development in TVET contexts. Through 
SEM analysis, the research demonstrates that digital 
competency, human-centric skills, and sustainable 
innovation are significant antecedents of entrepreneurship 
intention, which in turn drives entrepreneurship behaviour. 
Digital competency emerged as the strongest predictor, 
while sustainable innovation exhibited only indirect effects 
on behaviour through intention. The model explains 
substantial variance in both intention (43.4%) and 
behaviour (48.7%), offering a robust theoretical framework 
for TVET entrepreneurship education. 
The study contributes to the literature by: Operationalizing 
Industry 5.0 competencies within an entrepreneurship 
context, validating the mediating mechanism of 
entrepreneurship intention using CB-SEM, and  providing 
actionable insights for curriculum designers and policy 
makers in vocational education. 
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