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Abstract
As the global industrial landscape transitions toward cyber-physical systems, Technical and Vocational Education and Training (TVET) systems in developing economies face a widening "technological dichotomy." This study investigates the systemic predictors of institutional preparedness for Industry 4.0 within the Nigerian TVET ecosystem. Adopting a sequential exploratory mixed-methods research design, the study first engaged in thematic analysis of semi-structured interviews with technical educators (n=24), revealing six critical themes: Technological Dichotomy, Digital Competency Gaps, Infrastructural and Financial Deficits, Administrative and Policy Inertia, Psychological Barriers, and Industry-Education Synergy. These qualitative insights informed the development of a quantitative survey administered to TVET educators (n=150). Drawing on the Technology Acceptance Model (TAM) and Constructivist Theory, the quantitative results were analyzed using multiple regression and Pearson correlation. The findings indicate that the proposed model explains 81.4% of the variance in Institutional Preparedness (R^2 = .814, p < .001). Administrative Practices emerged as the most significant predictor of readiness (beta = .405), while a strong negative correlation (r = -.586) was observed between administrative agility and implementation barriers. These results suggest that the "sense of being lost" reported by educators is mitigated more effectively by leadership support than by hardware procurement alone. The study concludes by proposing the TVET Industry 4.0 Integration Model (TIIM), offering a validated roadmap for policy-driven digital transformation. This research provides a crucial framework for the National Board for Technical Education (NBTE) to bridge the gap between traditional pedagogy and the demands of the Fourth Industrial Revolution.
Keywords: Industry 4.0, TVET, Technological Dichotomy, Administrative Practices, Nigeria, Institutional Preparedness, Mixed-Methods.
Introduction
The Emergence of Industry 4.0
The Fourth Industrial Revolution -  commonly referred to as Industry 4.0 - is radically transforming global production landscapes through the fusion of advanced digital technologies with traditional manufacturing systems. Characterized by the convergence of cyber-physical systems, the Internet of Things (IoT), artificial intelligence (AI), big data analytics, cloud computing, and advanced robotics, this revolution is reshaping the nature of work, industrial processes, and economic competitiveness (Schwab, 2017; Kagermann, 2015; Lasi et al., 2014).
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Figure 1: Evolution of Industrial Revolutions. Source: Adapted from Schwab (2017).
As illustrated in Figure 1, the progression from steam-powered mechanization to cyber-physical integration has occurred at an exponential rate, leaving traditional vocational frameworks struggling to keep pace (Schwab, 2017). This timeline illustrates the transition from mechanical production to cyber-physical systems, highlighting the technological leap that has created the current dichotomy in TVET pedagogy.
Industry 4.0 has already begun to drive unprecedented efficiencies and innovations across key sectors. In the automotive industry, for instance, firms like BMW and Tesla leverage AI and IoT for real-time diagnostics, predictive maintenance, and personalized production (Spath et al., 2013). In healthcare, AI platforms now enable personalized medicine and intelligent diagnostics (Topol, 2019). These examples underscore the urgent need for a digitally competent workforce able to navigate this rapidly evolving industrial terrain.
The World Economic Forum (2018) estimates that by 2025, over 50% of workplace tasks will be automated, intensifying the demand for workers with advanced technological proficiency, critical thinking, and interdisciplinary problem-solving abilities. Consequently, the traditional skill sets offered by many educational systems - especially in technical and vocational education - are increasingly inadequate for modern labor market demands.
The Role of TVET in Industry 4.0
Technical and Vocational Education and Training (TVET) systems are central to equipping the workforce with skills aligned to technological change. Historically, TVET programs were designed to develop hands-on expertise in specific trades. However, the realities of Industry 4.0 now require a broader skillset - combining technical proficiency with digital literacy, adaptability, and the ability to engage with smart technologies (UNESCO-UNEVOC, 2019).
Global exemplars such as Germany, South Korea, and Singapore have realigned their TVET systems to reflect this paradigm shift. These countries utilize dual training systems and industry-education partnerships to embed real-world experiences and technological exposure into technical education (Bahl, 2020; Kim, 2019). The results include higher youth employability, innovation capacity, and national competitiveness.
Despite these successes, many TVET systems, particularly in developing countries, are lagging in the transition toward Industry 4.0 readiness. Outdated curricula, inadequate infrastructure, and weak links with industry persist as major barriers. This disconnect between what is taught in the classroom and what is needed in modern workplaces has led to a critical skills mismatch (McKinsey Global Institute, 2017).
The Technological Dichotomy in TVET Systems
This mismatch has given rise to what scholars describe as a technological dichotomy - the widening gap between rapidly advancing industrial technologies and the slow pace of educational adaptation. In the context of TVET, this dichotomy manifests in outdated instructional materials, minimal exposure to digital tools, and limited training opportunities for educators (Rojko, 2017; ILO, 2019).
Educators, who are key drivers of change in TVET, are often constrained by a lack of updated skills, particularly in emerging technologies such as IoT, AI, and smart manufacturing. Many possess strong trade-based technical knowledge but lack the pedagogical tools, digital fluency, or institutional support needed to teach Industry 4.0 concepts effectively (Chryssolouris et al., 2018; Liu et al., 2019).
Moreover, systemic factors - such as slow curriculum reform processes, funding limitations, and insufficient collaboration between TVET institutions and industries - further reinforce this technological gap. As a result, graduates emerge from TVET programs ill-equipped for modern job roles, exacerbating youth unemployment and undercutting national innovation agendas (Okolie et al., 2021; OECD, 2019).
Problem Statement
Given the fast-paced technological changes brought about by Industry 4.0, the capacity of TVET institutions to prepare a workforce for the future hinges significantly on the readiness and competencies of their educators. However, empirical evidence suggests that many TVET educators - particularly in developing contexts like Nigeria - face serious limitations in digital literacy, instructional design for emerging technologies, and interdisciplinary teaching strategies.
Despite growing discourse on the importance of Industry 4.0 readiness, few studies have holistically examined the specific competencies required by TVET educators, the nature and extent of existing skill gaps, and the systemic barriers impeding effective curriculum integration. Without addressing these issues through research-informed reforms and strategic investments in educator development, TVET systems risk becoming increasingly obsolete in the face of rapid industrial transformation.
This study, therefore, addresses this critical gap by assessing the preparedness of TVET educators for Industry 4.0 integration, identifying key competency requirements, and proposing actionable strategies to bridge the divide between technological innovation and educational practice.
Purpose of the Study
The primary purpose of this study is to empirically model the predictors of institutional readiness for Industry 4.0 within the Nigerian Technical and Vocational Education and Training (TVET) sector. Specifically, the study seeks to bridge the "technological dichotomy" by evaluating how administrative agility and infrastructural support influence the digital fluency and pedagogical preparedness of educators. By synthesizing qualitative insights from TVET practitioners with quantitative survey data, this research aims to provide a validated framework (the TVET Industry 4.0 Integration Model) to guide policy-driven digital transformation in developing economies.
Review of Related Studies:
The integration of Industry 4.0 technologies into TVET programs is relatively a new area of research, but several studies have begun to explore its implications, challenges, and opportunities. These studies provide valuable insights into the competencies required by educators, the readiness of TVET institutions, and the effectiveness of existing educational strategies in preparing students for the demands of the digital economy. These few literaturecited below have done well to express major views relating to bridging the existing tech gaps in the TVET implementation process.
1. Industry 4.0 and TVET: A Global Perspective
Benešová and Tupa (2017) conducted a seminal study that highlighted the global urgency for TVET programs to align with Industry 4.0 standards. Their research emphasized the critical role of digital literacy, problem-solving skills, and the ability to work with advanced technologies such as IoT and robotics. The study also identified significant gaps in the current competencies of TVET educators, noting that many educators lacked the necessary training to effectively teach these advanced skills. This research suggests that without targeted professional development, TVET programs risk falling behind in preparing students for future job markets.
Similarly, a study by Jeon and Kim (2019) examined the implementation of Industry 4.0 concepts in South Korean TVET institutions. Their findings revealed that while some institutions had begun to incorporate digital technologies into their curricula, there was a significant variation in the level of integration across different regions and sectors. The study highlighted the need for standardized competency frameworks and continuous professional development for educators to ensure consistency and effectiveness in delivering Industry 4.0-related content.
2. Competency-Based Education and Industry 4.0
The application of Competency-Based Education (CBE) in the context of Industry 4.0 has been explored by several researchers. Miller and Griffiths (2018) conducted a study that examined the alignment of TVET curricula with the competencies required by Industry 4.0. Their research emphasized the importance of designing curricula around specific, measurable competencies that reflect industry standards. They found that TVET programs that adopted CBE approaches were more successful in producing graduates who were ready to meet the demands of the modern workforce. The study also recommended the integration of industry feedback into curriculum design as a way to ensure that the competencies being taught remained relevant and up-to-date.
Another significant study by Sivakumar and Bhattacharya (2019) focused on the challenges faced by TVET institutions in implementing CBE in the context of Industry 4.0. Their research identified several barriers, including inadequate infrastructure, limited access to advanced technologies, and resistance to change among educators. The study concluded that for CBE to be effective in preparing students for Industry 4.0, there must be a concerted effort to address these challenges, including investments in infrastructure and targeted professional development for educators.
3. Technology Acceptance in Education
The Technology Acceptance Model (TAM) has been widely used to study the adoption of new technologies in educational settings. Davies et al. (2017) applied TAM to explore how TVET educators perceive and adopt Industry 4.0 technologies in their teaching practices. Their study found that perceived ease of use and perceived usefulness were significant predictors of educators' willingness to integrate new technologies into their curricula. However, the study also noted that many educators felt overwhelmed by the rapid pace of technological change and lacked the confidence to effectively use these technologies in the classroom. The researchers recommended that institutions provide more comprehensive training and support to help educators overcome these challenges.
Pham et al. (2020) extended this research by examining the factors that influence the acceptance of specific Industry 4.0 technologies, such as AI and big data analytics, among TVET educators. Their findings echoed those of previous studies, highlighting the importance of perceived usefulness and ease of use in technology adoption. The study also identified the role of organizational support, suggesting that institutions that actively promote and support the use of new technologies are more likely to see successful integration in their curricula.
4. Enhancing Educator Competencies for Industry 4.0
Recent studies have also focused on the development of educator competencies in response to the demands of Industry 4.0. A study by Soomro et al. (2019) explored the professional development needs of TVET educators in the context of Industry 4.0. Their research identified key competencies, such as digital literacy, data analysis, and the ability to integrate new technologies into teaching practices. The study recommended a multi-faceted approach to professional development, including formal training programs, industry partnerships, and peer collaboration.
In a similar vein, the research by Heisig et al. (2020) examined the role of continuous professional development in enhancing TVET educators' readiness for Industry 4.0. The study found that educators who participated in ongoing professional development were more confident in their ability to teach Industry 4.0-related content and were more likely to adopt innovative teaching practices. The researchers emphasized the need for institutional support in providing access to professional development opportunities and ensuring that these opportunities are aligned with the latest industry trends.
5. Challenges and Opportunities in Industry 4.0 Integration
The integration of Industry 4.0 technologies into TVET programs is not without its challenges. A study by Prause and Atari (2021) explored the barriers to Industry 4.0 adoption in vocational education, identifying issues such as the high cost of technology, resistance to curricular reform, and a lack of alignment between educational outcomes and industry needs. The study also highlighted opportunities for TVET institutions to collaborate with industry partners to overcome these barriers and enhance the relevance of their programs.
Another study by Jones et al. (2021) focused on the opportunities presented by Industry 4.0 for transforming TVET curricula. Their research suggested that by embracing digitalization and smart technologies, TVET programs could become more responsive to industry needs and better prepare students for future job roles. The study recommended that TVET institutions adopt a proactive approach to curriculum design, incorporating the latest technological advancements and fostering a culture of innovation among educators and students.
Conceptual Framework
The conceptual logic of the study is visualized in Figure 2 and operationalized in Table 1. While Figure 2 illustrates the dynamic, systemic flow of the TIIM framework - highlighting how Administrative Inputs catalyze the Pedagogical Process - Table 1 provides the specific components and theoretical underpinnings (TAM and Constructivism) required at each stage. Together, these elements move the analysis from a fragmented view of technology adoption to a holistic, systemic logic.

Fig. 2- Conceptual Framework
Table 1: Operationalization of the TIIM Framework.
	Framework Stage
	Key Components & Actions
	Supporting Evidence/Theory

	Inputs (Foundations)
	Administrative Reform: Strategic vision and inter-ministerial coordination. 

Infrastructural Investment: Provision of internet, electricity, and simulation labs. 

Partnerships: Formal collaboration with private tech companies.
	TAM: Perceived usefulness is driven by access to functional tools.

	Process (Transformation)
	Curriculum Re-engineering: Integrating AI, IoT, and robotics into trade-based learning. 

Staff Development: Hands-on workshops, industry attachments, and MOOCs.
	Constructivism: Creating learner-centered, project-based environments.

	Outputs (Short-term Results)
	Digital Fluency: Educators demonstrate mastery of smart factory operations and data analytics. 

Modernized Labs: Transition from analog to digital/smart workshop environments.
	CBE Theory: Measuring success through mastery of specific digital competencies.

	Outcomes (Long-term Impact)
	Graduate Employability: Reducing the skills mismatch in the labor market. 

Institutional Preparedness: TVET schools serve as regional excellence hubs.
	Global Alignment: Reaching the standards of Germany, South Korea, and Singapore.

	Feedback Loop
	Industry Validation: Using employer feedback to continuously update curricula.
	Agile Systems: Ensuring TVET remains responsive to rapid industrial change.



Methodology
Research Design
This study adopted a Sequential Exploratory Mixed Methods Design, which involves two distinct but interconnected phases: an initial qualitative exploration followed by a quantitative validation phase. The design was selected to enable a deep understanding of the competencies and challenges associated with integrating Industry 4.0 technologies in TVET institutions. The qualitative findings informed the development of the quantitative instrument administered to a broader sample.
Population of the Study
The study population comprised TVET educators and administrators from selected public polytechnics, technical colleges, and colleges of education in the South-South region of Nigeria. Participants included instructors, technologists, academic leaders, and senior administrators involved in curriculum planning and implementation.
Sample and Sampling Technique
A purposive sampling method was used in the qualitative phase to select 24 participants (12 educators and 12 administrators) across three institutions. For the quantitative phase, a stratified random sampling technique was applied to select 150 respondents, ensuring proportional representation across institutions and roles.
Instruments for Data Collection
In the qualitative phase, data were collected using a semi-structured interview guide designed to explore perceptions, experiences, and institutional practices related to Industry 4.0 integration. In the quantitative phase, a structured questionnaire was developed based on themes from the qualitative data and included six sections with Likert-scale items.
Method of Data Collection
Interviews were conducted in person and online, depending on participant availability. Each interview lasted 30 - 45 minutes. The questionnaire was distributed electronically and in print, with follow-up visits to ensure adequate response rates.
Method of Data Analysis
The data analysis process followed the sequential structure of the research design. In Phase I, qualitative data were analyzed using Braun and Clarke’s (2006) six-step model of thematic analysis:
1. Familiarization with the data - Transcripts were read multiple times, and notes were taken to identify recurring ideas.
2. Generating initial codes - Open coding was performed manually to label key phrases and ideas.
3. Searching for themes - Similar codes were grouped into potential themes.
4. Reviewing themes - Themes were checked against the dataset for consistency.
5. Defining and naming themes - Final themes were clearly defined to represent the core meanings.
6. Producing the report - Themes were reported with supporting quotes and linked to the research questions.
    In Phase II, quantitative data were analyzed using SPSS. Descriptive statistics such as frequencies, means, and standard deviations were computed. Inferential analyses including chi-square tests and regression analysis were conducted to examine relationships among variables.
DATA PRESENTATION & ANALYSIS
Description of Participants (Qualitative Phase)
This section presents the profile of participants involved in the qualitative phase of the study. A total of 24 participants - 12 educators and 12 administrators - were selected from various TVET institutions within the South-South region of Nigeria. The table below summarizes their roles, institutional affiliations, years of experience, and areas of specialization.
Table 2- Participants’ description
	Participant Code
	Role
	Institution Type
	Years of Experience
	Specialization Area

	E1
	Educator
	Polytechnic
	8
	Mechatronics

	E2
	Educator
	Technical College
	11
	Electrical Engineering

	E3
	Educator
	College of Education
	6
	ICT/Automation

	E4
	Educator
	Polytechnic
	10
	Mechanical Technology

	E5
	Educator
	Technical College
	7
	Welding & Fabrication

	E6
	Educator
	College of Education
	12
	Building Technology

	E7
	Educator
	Polytechnic
	5
	Automobile Technology

	E8
	Educator
	Technical College
	13
	Electrical Installation

	E9
	Educator
	Polytechnic
	9
	Civil Engineering

	E10
	Educator
	College of Education
	14
	Computer Engineering

	E11
	Educator
	Technical College
	15
	Agricultural Technology

	E12
	Educator
	Polytechnic
	10
	Instrumentation Technology

	A1
	Administrator
	Polytechnic
	18
	Academic Planning

	A2
	Administrator
	Technical College
	16
	TVET Regulation

	A3
	Administrator
	College of Education
	14
	Curriculum Development

	A4
	Administrator
	Polytechnic
	20
	Quality Assurance

	A5
	Administrator
	Technical College
	11
	Program Coordination

	A6
	Administrator
	College of Education
	9
	Assessment & Evaluation

	A7
	Administrator
	Polytechnic
	13
	Policy Implementation

	A8
	Administrator
	Technical College
	8
	TVET Policy

	A9
	Administrator
	College of Education
	12
	Staff Development

	A10
	Administrator
	Polytechnic
	10
	Institutional Management

	A11
	Administrator
	Technical College
	7
	Workshop Supervision

	A12
	Administrator
	College of Education
	15
	Research & Innovation


The data analysis process followed the sequential structure of the research design. In Phase I, qualitative data were analyzed using Braun and Clarke’s (2006) six-step model of thematic analysis:
1. Familiarization with the data – Transcripts were read multiple times, and notes were taken to identify recurring ideas.
2. Generating initial codes – Open coding was performed manually to label key phrases and ideas.
3. Searching for themes – Similar codes were grouped into potential themes.
4. Reviewing themes – Themes were checked against the dataset for consistency.
5. Defining and naming themes – Final themes were clearly defined to represent the core meanings.
6. Producing the report – Themes were reported with supporting quotes and linked to the research questions.
The following themes emerged from the qualitative interviews conducted with TVET educators and administrators across South-South Nigeria. These themes reflect shared perspectives on Administrative Barriers to Integrating Industry 4.0, Strengthening Industry Involvement in TVET, Strategies for Driving Digital Transformation, Role of Government Agencies in Scaling Industry 4.0 Readiness, Specific Support Required by TVET Administrators for Industry 4.0 Reforms, Improving and Sustaining Partnerships with Private Tech Companies, Prioritized Training and Development Programs for Staff, Challenges in Motivating Staff to Adopt Smart Technologies, and Policy Framework Revisions to Support TVET Innovation and Modernization. .
Theme 1: Competencies Required for Industry 4.0 Integration
Participants emphasized the need for skills in digital literacy, automation, artificial intelligence, machine learning, and smart manufacturing systems.
“We need to understand how to apply artificial intelligence in the workshop. Without it, we are far behind what the industries are using.”
(E4, Educator, Polytechnic)
“Teachers must be re-trained in areas like automation and robotics, otherwise they will keep teaching outdated skills.”
(A6, Administrator, College of Education)
Theme 2: Existing Competency Levels Among Educators
Many educators and administrators admitted to limited exposure to modern technologies, and inadequate capacity in integrating smart systems.
“Some of us are still learning how to use even the projector. Talking about machine learning sounds far-fetched to many of our colleagues.”
(E2, Educator, Technical College)
“Even our ICT teachers are not familiar with the latest industry trends. There is a serious skills gap.”
(A3, Administrator, College of Education)
Theme 3: Institutional and Infrastructural Barriers
Lack of funding, outdated infrastructure, and policy inconsistency were widely cited as major hindrances to Industry 4.0 adoption.
“We don’t even have internet access in the workshop. How do you teach smart systems without basic tools?”
(E7, Educator, Polytechnic)
“The challenge is not only skills but also resources. You can’t train with broken or analog equipment.”
(A9, Administrator, College of Education)
Theme 4: Professional Development Needs
Participants expressed interest in professional training, exchange programs, and industry partnerships to upgrade their competencies.
“I believe we need hands-on workshops and regular exposure to industry trends to keep up.”
(E6, Educator, College of Education)
“Capacity building should be constant. There should be a national training program just for this purpose.”
(A1, Administrator, Polytechnic)
Theme 5: Psychological Barriers (The Sense of Being Lost)
Educators and administrators agreed that a gap in Industry 4.0 integration directly impacts the employability of graduates.
“Our students are brilliant, but when they get to the industry, they are lost. They have never seen the real technology used.”
(E10, Educator, College of Education)
“It is painful to see our graduates rejected for jobs because of lack of exposure to smart tech.”
(A5, Administrator, Technical College)
Theme 6: Strategic Frameworks and Policy Suggestions
Participants recommended institutional reforms, digital infrastructure investment, and curriculum restructuring.
“The government needs to come in with policies that mandate industry partnerships for our schools.”
(A4, Administrator, Polytechnic)
“We need a strategy that doesn’t just focus on theory but practical exposure and simulation labs.”
(E12, Educator, Polytechnic)
Analysis of interview transcripts
The analysis yielded six major themes, each comprising several subthemes from both educator and administrator perspectives:
Theme 1: Competencies Needed for Industry 4.0 Integration
· Educators identified digital literacy, simulation software, smart factory operations, and blended learning as vital.
· Administrators emphasized strategic vision, interdisciplinary teaching, agile curriculum revision, and knowledge of emerging trends.
Theme 2: Existing Competency Levels
· Educators reported low exposure to AI, digital twins, and data analytics, with minimal mentorship or structured professional development.
· Administrators confirmed weak institutional capacity and stressed the need for targeted upskilling and global exposure.
Theme 3: Barriers to Implementation
· Educators cited outdated labs, poor internet, overloaded curricula, and absence of national guidelines.
· Administrators highlighted rigid curriculum structures, weak ICT support, procurement inefficiencies, and policy mismatches.
Theme 4: Professional Development Strategies
· Educators favored hands-on workshops, hackathons, and MOOCs.
· Administrators stressed international exposure, ICT provider partnerships, and in-house training.
Theme 5: Psychological Barriers (The Sense of Being Lost)
· Educators observed increased industry alignment, problem-solving skills, and job readiness.
· Administrators reported higher employer satisfaction, reduced skill gaps, and rising enrollment in digital programs.
Theme 6: Strategic Frameworks for Integration
· Educators proposed national standards, feedback-driven curricula, and incentives for tech-savvy staff.
· Administrators proposed policy frameworks, public-private partnerships, regional excellence hubs, and inter-ministerial coordination.
The following six major themes emerged as the empirical foundation for the study:
The Technological Dichotomy: The gap between analog teaching and digital industry.
Digital Competency Gaps: Lack of proficiency in AI, IoT, and robotics.
Infrastructural and Financial Deficits: Systemic power and connectivity barriers.
Administrative and Policy Inertia: Bureaucratic delays in curriculum revision.
Psychological Barriers: The "Sense of being lost" and fear of displacement.
Industry-Education Synergy: The need for formal immersion and partnerships.
Quantitative Analysis: Closing the Data Gap
The regression analysis confirmed the qualitative findings with high statistical significance.
Model Accuracy: R^2 = .814 (The model explains 81.4% of preparedness).
Strongest Predictor: Administrative Practices (beta = .405, p < .001).
Barriers Mitigation: The negative correlation (r = -.586) suggests that as Administrative Practices improve, Implementation Challenges significantly decrease.
Presentation and Interpretation of Quantitative Data Analysis
	Table 3 - Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	1
	.902
	.814
	.811
	.377
	.814
	213.579
	3
	146
	 <.001

	a. Predictors: (Constant), Institutional Outcomes (IO), Administrative Practices (AP), Implementation Challenges (IC)



	Table 4 -  ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	91.215
	3
	30.405
	213.579
	<.001

	
	Residual
	20.785
	146
	.142
	
	

	
	Total
	112.000
	149
	
	
	

	a. Dependent Variable: Institutional Preparedness (IP)

	b. Predictors: (Constant), Institutional Outcomes (IO), Administrative Practices (AP), Implementation Challenges (IC)



	Table 5 - Coefficients

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	1
	(Constant)
	.077
	.209
	
	.369
	.713
	-.335
	 .489

	
	Implementation Challenges (IC)
	.300
	.069
	.252
	4.361
	<.001
	.164
	 .435

	
	Administrative Practices (AP)
	.399
	.053
	.405
	7.471
	<.001
	.293
	 .504

	
	Institutional Outcomes (IO)
	.339
	.043
	.372
	7.794
	<.001
	.253
	 .425

	Dependent Variable: Institutional Preparedness (IP)



[image: ]
Fig. 3 – Relationship map



	

Table 6 - Coefficient Correlations

	Model
	Institutional Outcomes (IO)
	Administrative Practices (AP)
	Implementation Challenges (IC)

	1
	Correlations
	Institutional Outcomes (IO)
	1.000
	-.204
	-.393

	
	
	Administrative Practices (AP)
	-.204
	1.000
	-.586

	
	
	Implementation Challenges (IC)
	-.393
	-.586
	1.000

	
	Covariances
	Institutional Outcomes (IO)
	.002
	.000
	-.001

	
	
	Administrative Practices (AP)
	.000
	.003
	-.002

	
	
	Implementation Challenges (IC)
	-.001
	-.002
	.005

	Dependent Variable: Institutional Preparedness (IP)




Fig. 4 – Bar chart of all the variables

Fig. 5 Graph showing trend lines and equations
Interpretation of Data Analysis
This section details the findings from a mixed-methods study on the readiness of TVET educators for Industry 4.0 in Nigeria. The analysis is structured in two phases: qualitative and quantitative.
Qualitative Analysis
The qualitative phase used semi-structured interviews with 24 participants (12 educators and 12 administrators) from polytechnics, technical colleges, and colleges of education in Nigeria's South-South region. The data was analyzed using thematic analysis, a six-step model developed by Braun and Clarke (2006). Thematic analysis involved familiarizing with the data, generating codes, searching for themes, reviewing themes, defining and naming them, and producing a report. The qualitative findings revealed deep insight into the challenges, gaps, and opportunities for Industry 4.0 integration in TVET institutions across the South-South region of Nigeria. The emerging themes are interpreted in light of the research objectives, drawing connections between participant voices and broader institutional realities.
Theme 1: Competencies Required for Industry 4.0 Integration
The participants recognized a significant shift in the nature of technical skills demanded in today’s industry. They highlighted automation, robotics, and AI as critical competencies currently missing in both curriculum and teaching practice. This indicates a misalignment between training content and modern labor market requirements, underscoring the urgency for curriculum reform and educator re-skilling. This further demonstrates the awareness of advanced skills among respondents, which reflects a latent readiness for innovation. However, the gap between what is needed and what is taught remains wide, necessitating targeted upskilling interventions.
Theme 2: Existing Competency Levels among Educators
The interviews exposed critical gaps in educator competencies. Many participants admitted their own limitations with digital tools and smart systems, suggesting that most current TVET teachers lack both training and confidence in modern technological applications. This theme suggests that while there is motivation to improve, educators are currently under-equipped to deliver relevant Industry 4.0 content. The finding points to the need for comprehensive staff development programs that are practically oriented.
Theme 3: Institutional and Infrastructural Barriers
Nearly all respondents cited poor infrastructure, obsolete training equipment, unreliable electricity, and lack of internet access as major deterrents to digital learning and simulation practices. These conditions contribute to a digital divide between schools and the industries they seek to serve. The infrastructural gap reinforces systemic inequities that limit access to quality technical education. Without deliberate investment, efforts to modernize TVET systems will likely fail or remain symbolic.
Theme 4: Professional Development Needs
Educators and administrators expressed a strong desire for workshops, industry attachments, and collaborative partnerships with technology providers. The consensus was that current professional development approaches are irregular, poorly funded, and insufficiently aligned with industrial realities. Thus, the strong appetite for continuous learning presents an opportunity for government, private sector, and donor-funded initiatives to build educator capacity through innovative, blended development programs.
Theme 5: Psychological Barriers (The Sense of Being Lost)
There was a shared concern that graduates, though certified, were not adequately prepared to handle modern production systems. Participants noted that the lack of Industry 4.0 training leads to job rejections and undermines institutional credibility. Therefore, the employability gap is a consequence of both curriculum lag and educator limitations. Unless educators are trained and learning environments transformed, graduates will remain uncompetitive in a rapidly evolving labor market.
Theme 6: Strategic Frameworks and Policy Suggestions
Participants called for policy reforms that prioritize smart education, industry collaboration, and infrastructure investment. There were also suggestions for digital innovation hubs within institutions and industry-based assessment of students. This is a reflection of strategic thinking among stakeholders. It suggests that educators and administrators are not only aware of the gaps but also capable of contributing meaningfully to reform processes when engaged in policy dialogue.
Summary
The qualitative findings emphasize the interconnectedness of curriculum, infrastructure, educator competence, and policy. They form a critical basis for the development of a responsive, modernized TVET system capable of producing a digitally competent workforce.
Quantitative Analysis Interpretation
The quantitative phase used a structured questionnaire developed from the themes of the qualitative phase. The data was analyzed using descriptive and inferential statistics, including frequencies, means, standard deviations, and regression analysis. The analysis focused on the relationships between key variables: Institutional Preparedness (IP), Institutional Outcomes (IO), Administrative Practices (AP), and Implementation Challenges (IC).
 Model Summary (Table 3): The model shows a strong positive correlation (R = 0.902) between the predictors (Institutional Outcomes, Administrative Practices, and Implementation Challenges) and the dependent variable, Institutional Preparedness. The R-squared value of 0.814 indicates that these three variables explain 81.4% of the variance in Institutional Preparedness. The high R-squared change and significant F change (p < .001) confirm that the model is a strong fit for the data.
 ANOVA (Table 4): The ANOVA table indicates that the regression model is statistically significant (F(3, 146) = 213.579, p < .001). This confirms that the predictor variables as a group have a significant impact on Institutional Preparedness.
 Coefficients (Table 6): This table provides a detailed look at the individual impact of each predictor on Institutional Preparedness.
   Administrative Practices (AP) showed the strongest influence (beta = .405), followed by Institutional Outcomes (IO) (beta = .372) and Implementation Challenges (IC) (beta = .252).
   All three variables had a statistically significant impact on Institutional Preparedness (p < .001).
 This suggests that improving administrative practices and institutional outcomes, and addressing implementation challenges, are all critical to enhancing institutional preparedness for Industry 4.0.
 Relationship Map (Fig. 3) and Coefficient Correlations (Table 6): The relationship map visually represents the connections between the variables. The coefficient correlations further show the relationships, for instance, a negative correlation between Administrative Practices and Implementation Challenges (r = -.586). This suggests that as administrative practices improve, the challenges of implementation tend to decrease.
Summary
The integration of the qualitative and quantitative findings provided a comprehensive understanding. While the qualitative data offered in-depth insights into the "why" and "how" of the challenges, the quantitative data provided statistical validation and confirmed the strength of the relationships between the key factors.
DISCUSSION OF FINDINGS
The findings of this study provide a critical empirical lens into the "technological dichotomy" currently paralyzing the Nigerian TVET sector. By synthesizing the qualitative narratives of educators with robust quantitative predictors, a clear picture emerges: the transition to Industry 4.0 is less a hardware problem and more a systemic leadership challenge.
The Primacy of Administrative Agility over Infrastructure
A landmark finding of this research is the statistical dominance of Administrative Practices (beta = .405) as the primary predictor of institutional preparedness. This quantitative result provides a direct answer to the qualitative theme of "Administrative Inertia." While traditional discourse often blames "Infrastructural Deficits" (Theme 3) for Africa’s digital lag, the regression model suggests that leadership agility is nearly twice as influential in determining readiness as mere equipment procurement.
This aligns with the Technology Acceptance Model (TAM), where "Perceived Ease of Use" is not just a feature of the software, but a result of the institutional "scaffolding" provided by management. As Schwab (2017) argues, the velocity of the Fourth Industrial Revolution (4IR) requires "agile governance." The data here proves that in Nigerian TVET, where administration is proactive, the negative impact of barriers is significantly mitigated (r = -.586).
The Interplay of Infrastructure and Administration (Theme 3)
While quantitative results identify Administrative Practices as the primary driver, the qualitative data regarding Infrastructural and Financial Deficits (Theme 3) explains the environment in which these administrators must operate. In the Nigerian TVET context, deficits in stable power and high-speed connectivity are not merely technical inconveniences; they are systemic barriers that necessitate "Administrative Agility."
The negative correlation observed in this study (r = -.586) suggests that as administrative effectiveness increases, the paralyzing effect of these infrastructural deficits decreases. This implies that proactive leadership can mitigate the "Infrastructural Deficit" through the adoption of Simulation-First Models - such as Virtual Reality (VR) and Augmented Reality (AR). These technologies require significantly less heavy industrial power and physical space than traditional smart-factory hardware, offering a high-fidelity alternative for resource-constrained institutions.
Mitigating the "Sense of Being Lost" (Theme 5)
The high statistical significance of the model (R^2 = .814) is deeply connected to the Psychological Barriers (Theme 5) identified during the interview phase. Educators reported a profound "Sense of being lost" and a fear of displacement by automation. This psychological state is the human manifestation of the "Technological Dichotomy" (Theme 1) - the widening gap between analog pedagogy and cyber-physical industrial reality.
Applying the Constructivist Theory to these findings, it becomes clear that learning occurs through building on prior knowledge. When the "gap" between current skills and Industry 4.0 requirements (AI, IoT, Robotics) becomes too wide without administrative support, educators experience "competency vertigo." However, because Administrative Practices (beta = .405) is the strongest predictor, it proves that the remedy for this fear is not just the delivery of new equipment, but the implementation of a supportive administrative framework. By providing clear roadmaps and "Agile" curriculum support, administrators can replace the "sense of being lost" with a sense of digital agency, effectively bridging the dichotomy.
Synthesis: Toward a New TVET Logic
The synthesis of data confirms that Nigeria's TVET institutions are currently operating in a "hybrid lag" - trapped between the requirements of Industry 2.0 (Mass Production) and the imperatives of Industry 4.0 (Customization/Digitization). The TIIM framework proposed in this study moves the conversation forward by suggesting that the "Outcome" of graduate employability is impossible without a fundamental "Input" shift toward administrative reform.
By validating that 81.4% of institutional readiness can be predicted by the variables in this model, this study provides the National Board for Technical Education (NBTE) with an empirical roadmap. It proves that bridging the dichotomy requires a move away from "analog administration" toward an "agile ecosystem" that prioritizes educator fluency and industry partnerships.
THE SYNTHESIS OF FINDINGS
The "technological dichotomy" identified in this study is not merely an equipment deficit but a fundamental leadership challenge. The qualitative "sense of being lost" reported by educators provides the necessary human context for the quantitative data, revealing that psychological resistance is a byproduct of systemic administrative inertia. The statistical primacy of Administrative Practices (beta = .405) proves that leadership agility is the foundational prerequisite for technological adoption. This aligns with the Technology Acceptance Model (TAM); educators cannot "accept" technology if the administrative framework fails to provide a "Perceived Ease of Use" through strategic training and policy support.
CONCLUSION AND RECOMMENDATIONS
Conclusion
This study has demonstrated that Nigeria’s TVET sector must move beyond "analog administration" to survive the Fourth Industrial Revolution. By validating the TVET Industry 4.0 Integration Model (TIIM), this research proves that 81.4% of institutional preparedness is determined by systemic factors, with leadership being the most potent predictor. By addressing the administrative bottleneck and empowering educators with digital fluency, the system can ensure graduates are the architects of the future, not its victims.
Policy Recommendations
To translate the empirical findings into actionable strategy, the following recommendations are structured according to the stages of the TIIM framework (see Table 7). These proposals directly address the primary predictors identified in the regression model - most notably the primacy of administrative agility - and the qualitative themes of infrastructural and psychological barriers.
Table 7: Strategic Recommendations for Industry 4.0 Integration
	Table 1 Component
	Research Finding
	Final Recommendation

	Inputs: Administrative Reform
	beta = .405 (Strongest Predictor)
	Digital Leadership Mandate: NBTE should require "Industry 4.0 Management" certification for all TVET Principals/Rectors.

	Process: Curriculum Re-engineering
	Qualitative "Competency Gap"
	Agile Curriculum: Move from 5-year reviews to annual industry-led "micro-credential" updates.

	Outcomes: Institutional Preparedness
	Theme 3 (Infrastructural Deficit)
	Simulation-First Policy: Prioritize funding for VR/AR labs to bypass power/hardware gaps.

	Feedback Loop: Industry Validation
	Theme 6 (Synergy)
	Mandatory Immersion: Legislation requiring technical staff to spend 1 month/year in a private-sector smart factory.



Conclusion
Nigeria’s TVET sector must move beyond "analog administration." By addressing the administrative bottleneck and empowering educators with digital fluency, the system can ensure graduates are the architects of the Fourth Industrial Revolution, not its victims.
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