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Abstract

The Fourth Industrial Revolution requires a technological paradigm shift within Technical and
Vocational Education and Training (TVET) institutions, yet a digital divide remains between
instructional workshops and modern corporate workflows. This study adopted a sequential
exploratory mixed-methods design to model factors driving Industry 4.0 readiness in public
TVET institutions across South-South Nigeria. Phase I utilized thematic analysis of semi-
structured interviews with educators and administrators (n=24). These insights informed a
quantitative survey administered to stakeholders (n=150) in Phase II to verify the TVET
Industry 4.0 Integration Model (TIIM) via multiple linear regression and Pearson correlation
matrices. Qualitative analysis revealed critical friction points, notably a severe technological
dichotomy and acute instructional anxiety. Quantitatively, the simultaneous regression
framework demonstrated exceptional explanatory power, accounting for 81.4% of the total
variance in Institutional Preparedness (R? = .814, F(3, 146) = 213.579, p < .001).
Administrative Practices emerged as the dominant predictive engine of readiness (B = .405, p
<.001). Crucially, a strong negative correlation (r = -.586) between administrative agility and
implementation challenges proved that proactive leadership behaviors actively buffer regional
infrastructural and financial deficits. Furthermore, institutional outcomes tracking teacher self-
efficacy and curricular flexibility served as a highly significant predictor of workforce
alignment ( =.372, p <.001). The study concludes that systemic constraints are not unyielding
barriers but operational catalysts mediated by agile leadership. It is recommended that the
National Board for Technical Education (NBTE) and institutional administrators shift from
capital-intensive hardware procurement toward simulation-first constructivist pedagogies
(such as virtual programmable logic controllers and digital twins) and transition rigid technical
training tracks into modular, Competency-Based Education (CBE) frameworks to eliminate the
regional skills mismatch.

Keywords: Industry 4.0, TVET, Technological Dichotomy, Administrative Practices, Nigeria,
Institutional Preparedness, Mixed-Methods.
Introduction.

The Fourth Industrial Revolution (Industry 4.0), is rewriting the rules of global
production by integrating advanced digital technologies directly into traditional manufacturing
systems. This revolution thrives on a connection that blends cyber-physical systems like;
Artificial Intelligence (Al), smart robotics, cloud networks, and Internet of Things (10T) into a

unified ecosystem. In doing so, the result far more than upgrading machinery, hence, changing
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the very fabric of human labour, shifting how industries operate and, raising the stakes for
economic survival (Schwab, 2017; Kagermann, 2015; Lasi et al., 2014).

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 Al and IoT for real-time diagnostics, predictive maintenance,
and personalized production (Spath et al., 2013). In healthcare, Al platforms now enable
personalized medicine and intelligent diagnostics (Topol, 2019).

Beyond these fields, the transformation extends directly into modern supply chain
logistics, where autonomous warehouse systems and predictive routing algorithms have
optimized global distribution networks by mitigating inventory bottlenecks (Lee et al., 2018).
Similarly, in smart agriculture (Agriculture 4.0), loT-driven sensor networks and automated
precision machinery analyze soil topology and moisture metrics in real time to maximize crop
yields while minimizing resource waste (Zambon et al., 2019). Furthermore, the global energy
sector has been revolutionized through automated renewable energy grids, where machine
learning algorithms dynamically predict load demands and balance decentralized power inputs
from solar and wind installations to prevent catastrophic grid failures (Zhou et al., 2016). These
examples underscore the urgent need for a digitally competent workforce able to navigate this
rapidly evolving industrial terrain. These examples underscore the urgent need for a digitally
competent workforce able to navigate this rapidly evolving industrial terrain.

An identical paradigm shift is emerging within the local African context, particularly
in Nigeria’s industrial hubs. Large scale domestics producers, including Nigerian Breweries
Plc and Dangote Cement, increasingly deploy Al-powered process automation, automated
quality control, and predictive maintenance protocols across their production lines (Matog
2025). Beyond heavy manufacturing, the domestic energy sector and emerging smart
agricultural frameworks (Agriculture 4.0) are leveraging loT data and automated machinery to
bypass traditional operational insufficiencies. These localized advancements highlight that
Industry 4.0 is an immediate regional reality, emphasizing the urgent need for a digitally
competent TVET workforce capable of navigating this rapid evolving 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
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proficiency, critical thinking, and interdisciplinary problem-solving abilities. Historically,
TVET programs were designed to develop hands-on expertise in specific trades that guarantee
these requirements. That is to say that, Technical and Vocational Education and Training
systems are central to equipping the workforce with skills aligned to technological changes. In
consonance with the present realities of Industry 4.0, 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).

Despite these global successes, empirical evidence indicates that TVET systems within
developing economies are experiencing severe structural stagnation in their transition toward
Industry 4.0 readiness (Okafor, 2022; United Nations Industrial Development Organization
[UNIDO], 2023). This lagging maturity is fundamentally driven by outdated curricular
frameworks, inadequate physical and digital workshop infrastructure, and fragmented, weak
linkages with active industrial sectors (Okolie et al., 2021). Rather than serving as minor
administrative hurdles, the empirical reality of these persistent barriers has systematically
undermined the core success metrics of TVET institutions in several measurable ways. First, it
has severely deflated graduate employability, creating a profound "skills gap™ where technical
graduates possess analog trade skills that are entirely obsolete inside modern, automated
corporate production environments (World Bank, 2022). Second, this disconnect triggers
massive institutional resource waste, as scarce educational capital is routinely spent
maintaining legacy machinery that no longer mirrors industrial realities (Alabi & Temitope,
2024). Ultimately, this lack of infrastructural and pedagogical adaptation breeds deep
instructional anxiety among educators and compromises institutional prestige, trapping
vocational institutions in a state of systemic obsolescence where they are structurally incapable
of driving national innovation or mitigating youth unemployment agendas (OECD, 2019;
Oyelaran-Oyeyinka, 2023).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).

This institutional skills mismatch has given rise to what foundational organizational
theorists describe as a profound technological dichotomy - the widening, non-linear gap
between rapidly advancing, capital-intensive industrial technologies and the significantly

slower structural adaptation rate of educational ecosystems (Rojko, 2017; Tubbs, 2021). Within
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contemporary vocational research, this systemic dichotomy is not merely a theoretical
abstraction; it is an active empirical reality documented extensively across emerging
industrializing regions, such as the manufacturing hubs of Southeast Asia (Jeon & Kim, 2019),
Latin America (Sevilla et al., 2021), and notably within sub-Saharan Africa's largest economy,
Nigeria (Okolie et al., 2021; Oyelaran-Oyeyinka, 2023). In these specific operational contexts,
the technological dichotomy manifests as a severe infrastructural split: private-sector multi-
nationals deploy hyper-connected cyber-physical architectures, while the surrounding TVET
institutions remain restricted to legacy, manual training equipment and obsolete paper-based
instructional media (ILO, 2019). By structurally framing this divide as a measurable,
operational friction point rather than a passive resource shortage, this study directly utilizes the
TVET Industry 4.0 Integration Model (T1IM) to quantify how this regional technological
dichotomy can be actively bridged through strategic administrative agility and simulation-
driven pedagogical interventions.

Educators, who serve as the primary drivers of structural change within the TVET
ecosystem, are systematically constrained by a profound deficit in the specialized competencies
required to navigate and teach core Industry 4.0 concepts (Chryssolouris et al., 2018). In the
context of modern industrial automation, these concepts are fundamentally built upon Cyber-
Physical Systems (CPS) where physical machinery is completely integrated with decentralized
digital logic, and the Internet of Things (1oT) which utilizes high-speed sensor networks to
achieve real-time, machine-to-machine data communication (Lasi et al., 2014). For an
instructor to teach these paradigms effectively, they must possess an advanced digital fluency
that spans across cloud-connected automation architectures, industrial network protocols, and
programmable data informatics (Liu et al., 2019). However, because many contemporary
TVET educators possess traditional, manual trade-based technical knowledge but lack training
in these integrated software environments, they experience a severe collapse in Perceived Ease
of Use (PEU) as defined by the Technology Acceptance Model (Davis, 1989). This specific
technological competency gap generates a deep psychological "sense of being lost” or
instructional anxiety when educators are confronted with modern, automated industrial
systems. Lacking the pedagogical tools or institutional support required to scaffold these
complex digital frameworks, instructors instinctively and defensively retreat to rigid, teacher-
centered behaviorist drills, which further widens the classroom-to-workplace gap and leaves
graduates structurally unprepared for automated industrial environments.

Moreover, systemic factors such as; slow curriculum reform processes, regional

funding limitations, and insufficient collaboration between TVET institutions and private
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industries, have historically reinforced this technological gap (OECD, 2019; Okolie et al.,
2021). While the isolated existence of these institutional barriers is well-documented in
descriptive literature, existing research systematically fails to model how these structural
constraints interact dynamically within a predictive ecosystem. This study addresses that
critical gap and offers a unique contribution to the existing body of knowledge by introducing
and validating the TVET Industry 4.0 Integration Model (T1IM). Rather than treating funding
deficits and policy inertia as static, unyielding obstacles, the TIIM framework provides a novel,
resource-conscious advancement by mathematically isolating and quantifying the role of
organizational leadership. The empirical utility of this model lies in its capacity to prove that
Administrative Practices act as a primary predictive engine (§ = .405) and an operational buffer
(r = -.586) that can actively neutralize and bypass regional infrastructural constraints.
Consequently, this study moves past obvious descriptive complaints about resource scarcity,
offering a verified, actionable blueprint showing how strategic management agility and
simulation-first pedagogy can successfully drive Industry 4.0 integration within developing

gconomies.

Statement of the Problem

The rapid deployment of automated, cyber-physical workflows across Nigerian
industrial hubs has created a severe technological dichotomy. While modern manufacturing
sectors rely on high-speed data and automation, TVET institutions in South-South Nigeria
remain trapped in manual, analog training paradigms.

The core problem is that TVET systems continue to rely on legacy, capital-intensive
instructional tracks that are entirely incompatible with current economic constraints. This
operational mismatch results in the graduation of under-skilled personnel, while triggering
deep instructional anxiety and a psychological "sense of being lost" among technical faculties.
Lacking structured digital upskilling, educators defensively retreat to rigid, lecture-based
behaviorist methods.

Existing research is purely descriptive and treats funding shortages, administrative
inertia, and instructor capability as isolated issues. Consequently, a critical empirical gap exists:
there is no mathematically validated framework that models how these structural constraints
interact or how they can be systematically managed. This study addresses this gap by validating
the TVET Industry 4.0 Integration Model (TIIM), proving how strategic administrative agility
and simulation-first pedagogy can actively bypass physical barriers and drive institutional

readiness.
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Purpose of the Study
The primary purpose of this study is to validate the TVET Industry 4.0 Integration Model
(TIIM) as a predictive framework for institutional readiness within the TVET sector of South-
South Nigeria. Specifically, the study aims to:
1. Map the qualitative dimensions of the technological dichotomy, structural deficits, and
educator psychological barriers.
2. Quantify the predictive weight of Administrative Practices on overall Institutional
Preparedness.
3. Measure the impact of Implementation Challenges on readiness, evaluating the capacity
of agile leadership to buffer these deficits.
4. Determine the influence of Institutional Outcomes, focusing on instructor digital self-

efficacy and modular curriculum adaptability) on graduate marketplace alignment.

Research Questions
To achieve the objectives of this study and validate the TVET Industry 4.0 Integration
Model (TIIM), the following research questions were formulated to guide the investigation:
Phase I: Qualitative Exploration-
1. What are the lived experiences of TVET stakeholders regarding the technological
dichotomy, regional infrastructural deficits, and the psychological barriers affecting

technical faculty within South-South Nigeria?

Phase II: Quantitative Verificatio

2. What is the nature and strength of the relationship between institutional Administrative
Practices, Implementation Challenges, Institutional Outcomes, and Institutional
Preparedness?

3. To what extent do institutional Administrative Practices predict overall Institutional
Preparedness for Industry 4.0 integration when evaluated simultaneously with other
model variables?

4. How do regional Implementation Challenges, such as funding and power deficits
impact institutional readiness, and to what degree do proactive administrative behaviors
buffer or mitigate these physical environmental constraints?

5. How do Institutional Outcomes focusing on instructor digital self-efficacy and modular
curriculum adaptability influence the capacity of TVET institutions to deliver

marketplace-aligned graduates?
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Significance of the Study

This research holds profound implications for the digital transformation of vocational
education in developing economies. The empirical validation of the TVET Industry 4.0
Integration Model (TI1IM) provides critical theoretical and practical contributions to the field

of vocational education in emerging economies.

Review of Related Studies
The structural alignment of Technical and Vocational Education and Training (TVET)
systems with the paradigms of the Fourth Industrial Revolution (Industry 4.0) represents a
critical socio-economic frontier. As global production landscapes transition toward automated,
cyber-physical, and data-driven ecosystems, the traditional mandates of technical institutions
are undergoing profound disruptions. This section provides a synthesized, thematic critique of
literature tracking the intersections of vocational education, technology adoption models,
learning theories, and systemic institutional barriers.
The study is grounded in two theoretical frameworks — Technology Acceptance Model and,

Constructivist Learning Theory.

The Technology Acceptance Model (TAM)

Formulated by Davis (1989), TAM dictates that user adoption of technological
innovation is driven by two cognitive dimensions: Perceived Usefulness (PU) and Perceived
Ease of Use (PEU). Within the TIIM framework, PU measures the extent to which an instructor
believes that integrating cyber-physical systems, digital twins, or automated diagnostics will
enhance instructional efficacy and graduate market value. PEU evaluates whether an instructor
perceives the operation of these digital tools as free of overwhelming cognitive effort.

In resource-constrained settings, TAM’s linear pathways are heavily mediated by
organizational support. Grani¢ and Maranguni¢ (2019) demonstrated that while PU and PEU
predict digital integration, their operationalization among vocational faculty depends on
structured institutional scaffolding. Without progressive capacity building, introducing
complex automation causes PEU to plummet, generating instructional anxiety and behavioral
resistance. Furthermore, Abdullah and Ward (2016) confirmed via meta-analysis that external
factors like; administrative commitment, organizational culture, and technical infrastructure,

directly moderate the pathway between baseline teacher attitudes and actual system usage.
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Constructivist Learning Theory

While TAM models the psychological acceptance of technology (the input),
Constructivist Learning Theory, rooted in the scholarship of Vygotsky and Piaget, governs its
pedagogical application inside the workshop (the output). Constructivism asserts that
knowledge is actively constructed by the learner through hands-on experimentation,
experiential problem-solving, and social collaboration, rather than passively absorbed via rote
instruction.

As industrial operations shift to the Internet of Things (IoT) and decentralized
diagnostics, technical labor transitions from routine manual execution to cognitive system
monitoring, real-time data interpretation, and collaborative troubleshooting. Vocational
pedagogy must therefore pivot from behaviorist, repetitive task drills toward constructivist
paradigms such as Problem-Based Learning (PBL) and cognitive apprenticeship.

Bada and Olusegun (2015) argued that authentic constructivist environments require
instructors to transition from a didactic "fount of knowledge" to an instructional facilitator. To
achieve readiness, TVET workshops must utilize simulation models and virtual programmable
logic controller (PLC) codes to mimic the collaborative structure of smart factories. However,
executing constructivist instructional designs requires high digital self-efficacy; when
educators lack technical confidence, they retreat to rigid, lecture-based behaviorist models,

widening the gap between institutional instruction and active industrial expectations.

The Evolution of Industry 4.0 and the TVET Imperative

In advanced industrialized nations, the transition of TVET systems into Industry 4.0 era
has been characterized by proactive, state-led strategies and deep institutional integration with
the private sector. Germany’s Dual Vocational Training System stands as the global gold
standard for this adaptation. Bahl (2020) observed that the German model thrives on an
institutionalized, statutory framework where the federal government, labor unions, and
chambers of commerce co-create vocational standards. When Industry 4.0 emerged as a
national strategic priority, Germany launched initiatives like Plattform Industrie 4.0, which
brought vocational schools and industrial leaders together to rapidly update national
occupational profiles. As a result, German technical trainees split their time directly between
modernized vocational classrooms and modern corporate production plants, ensuring zero gap
between educational delivery and real-world industrial application.

Similarly, advanced Asian economies have executed highly coordinated national

frameworks to safeguard their manufacturing sectors. Jeon and Kim (2019) analyzed the
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restructuring of South Korean technical colleges under the national Meister School initiative.
The South Korean state heavily financed the transformation of vocational hubs into specialized
smart-factory laboratories, ensuring that educational competencies perfectly match the precise
requirements of conglomerates like Samsung, Hyundai, and LG. Chryssolouris et al. (2018)
also highlighted the success of the Teaching Factory paradigm across European technical
institutions, where real-time industrial production problems are digitally transmitted from
active manufacturing plants to vocational school laboratories, allowing students to resolve live

corporate technical anomalies as part of their formal coursework.

Sub-Saharan Africa and the Developing Context

In stark contrast to the highly capitalized and synchronized systems of Western Europe
and East Asia, TVET institutions across Sub-Saharan Africa operate under severe structural
constraints, creating a widening international technological divide. While the global north
discusses the integration of artificial intelligence and automated diagnostics, many vocational
institutions across the African continent remain anchored in instruction tailored for the Second
and Third Industrial Revolutions. Oyelaran-Oyeyinka (2023) argued that industrialization in
Sub-Saharan Africa is historically constrained by a persistent infrastructure deficit, inadequate
digital connectivity, and weak institutional linkages between the state, academia, and private
industry. This systemic fragmentation severely weakens the capacity of local TVET systems to
respond to rapid global transformations.

The International Labour Organization (ILO, 2019) reported that while African
governments frequently issue policy documents stressing the importance of digital
transformation and youth employment, these policy directives rarely translate into budgeted
institutional reforms on the ground. Consequently, technical training centers across the
continent suffer from a compounding cycle of obsolescence, where under-trained instructors
utilize broken, manual equipment to teach outdated curricula to students who face immediate

underemployment upon graduation.

The Nigerian TVET Landscape and the NBTE

As the largest economy and population in Africa, Nigeria presents a critical case study
for evaluating these structural challenges. The regulatory management of technical education
in Nigeria falls under the oversight of the National Board for Technical Education (NBTE),
which regulates curriculum standards for Polytechnics, Monotechnics, and Technical Colleges

nationwide. Historically, the Nigerian TVET ecosystem has been plagued by systematic
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underfunding, policy inconsistencies, and a deep-seated societal bias that prioritizes
conventional university degrees over vocational and technical qualifications.

Okolie et al. (2021) observed that the curriculum frameworks managed by the NBTE
for critical engineering and technical disciplines have remained largely static, failing to
incorporate contemporary developments in automation, digital electronics, and cyber-physical
systems. While some elite private-sector initiatives or specialized industrial centers have
introduced localized modernizations, the vast majority of public polytechnics and technical
institutions across Nigeria's geopolitical zones lack the institutional capacity to deliver training
aligned with the demands of Industry 4.0. This mismatch isolates the Nigerian workforce from

global supply chains and hinders the nation's broader economic diversification goals.

Competency-Based Education (CBE) as a Modernizing Vehicle

To address the rigidities of traditional vocational training, global scholars and
educational policymakers have widely championed the transition toward Competency-Based
Education (CBE) as an essential tool for Industry 4.0 alignment. Unlike traditional educational
models that measure student progress based on "seat time" or rigid semester calendars,
Competency-Based Education is entirely outcome-driven. Under a CBE configuration,
curriculum frameworks are structurally dismantled into clear, measurable, and highly specific
behavioral competencies. A student advances through the training sequence only after
demonstrating absolute mastery over a specific skill or technical concept, regardless of how
long that mastery takes to achieve. Miller and Griffiths (2018) argued that CBE offers an ideal
structural framework for Industry 4.0 preparation due to its inherent flexibility and focus on
practical capabilities. Because technologies change at an exponential rate, technical curricula
must be capable of rapid updates without requiring complete institutional overhauls.

By structuring vocational programs into modular competency units (e.g., Module A:
[oT Sensor Configuration; Module B: PLC Troubleshooting), institutions can rapidly update
an isolated, obsolete module the moment a specific technology changes in the open market.
Furthermore, because CBE relies heavily on criterion-referenced assessments verified through
practical execution, it ensures that every single graduate possesses verified, hands-on

capabilities that translate directly to corporate operational expectations.

Obstacles to Implementing CBE in Emerging Institutions
Despite the clear theoretical value of Competency-Based Education, its practical

execution within emerging economies faces deep systemic friction. Sivakumar and
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Bhattacharya (2019) evaluated CBE transitions in developing institutions and isolated three
primary structural barriers that halt instructional modernization:

1. The Capital Mismatch: Authentic competency-based training relies on students having
prolonged, unhindered access to active, modern industrial equipment. In underfunded
institutions, large student cohorts are frequently forced to crowd around a single piece
of obsolete machinery, reducing an active, hands-on competency session to a passive
visual demonstration.

2. Faculty Resistance and Training Deficits: Traditional TVET faculty members are often
long-accustomed to didactic, teacher-centered lecture formats. Transitioning to a CBE
model requires these instructors to completely rewrite their instructional portfolios,
build complex assessment matrices, and continuously track individualized student
progress. Without targeted incentives and strong administrative backing, this massive
shift generates severe behavioral pushback.

3. Institutional and Bureaucratic Inertia: National regulatory bodies routinely mandate
standardized, time-bound examinations and rigid grading frameworks. These
traditional compliance structures are fundamentally incompatible with the flexible, self-

paced progression models required to achieve genuine Competency-Based Education.

To resolve inquiries regarding the exact nature of the factors driving the technological
divide, it becomes necessary to systematically deconstruct the core variables identified in

contemporary empirical research, mapping directly to your institutional dataset.

The Administrative Agility vs. Administrative Inertia Dichotomy

A critical, often overlooked dimension of the TVET technological divide is the
operational posture of the institutional leadership. Historically, educational management
literature has treated administrative bodies as passive background entities responsible for basic
budgetary allocation and regulatory compliance. However, contemporary structural analyses
demonstrate that Administrative Agility is the single most critical predictor of an institution's
capacity to successfully navigate technological disruption. Jones et al. (2021) defined
Administrative Agility in higher education as the capacity of institutional leaders to anticipate
technological shifts, accelerate internal decision-making processes, flexibly reallocate capital
resources, and cultivate a culture of continuous institutional innovation. In institutions where

leadership exhibits high agility, administrators proactively bypass bureaucratic delays to secure
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specialized software licenses, approve rapid curriculum updates, and establish flexible
compensation models to attract elite technical experts from the private sector.

Conversely, Administrative Inertia, characterized by rigid adherence to outdated
processes, risk aversion, and a lack of clear vision regarding industrial trends, acts as a massive
barrier to modernization. In an empirical study of technical institution failures, Prause and Atari
(2021) found that even when individual instructors possess high personal motivation and digital
literacy, systemic administrative inertia effectively neutralizes their efforts. If an agile
instructor requests specialized microcontrollers or high-speed connectivity for a smart-factory
simulation, an inertial administration can trap that request in multi-layered procurement
committees for months, eventually killing the educational innovation entirely.

This bottleneck is further complicated by what educational sociologists term
Institutional Decoupling, where top-level administrative policy documents boast about "digital
transformations" simply to satisfy regulatory bodies, while the actual funding, infrastructure,

and day-to-day operational practices within the classrooms remain entirely unchanged.

Digital Competency Gaps and Educator Upskilling

The secondary highly acute factor driving the TVET divide resides within the human
capital asset - the technical instructors themselves. Developing specialized educator
competencies remains a critical bottleneck for adopting modern industrial standards. Soomro
et al. (2019) mapped the professional development needs of modern TVET instructors and
demonstrated that the required competencies for Industry 4.0 are not merely incremental
upgrades to existing skill sets; they represent an entirely new cognitive domain. Instructors can
no longer specialize purely in isolated manual domains. They must possess advanced digital
navigation skills, understand industrial data synthesis, and master the orchestration of
interconnected production systems. For instance, a traditional automotive instructor must now
understand how to teach cloud-based vehicle diagnostics and the programming of electric
powertrain algorithms.

To build these specialized skill sets, Soomro et al. recommended a multi-tiered
development framework combining structured, institutional upskilling models, direct private-
sector factory immersion, and cooperative peer networks. Similarly, Liu et al. (2019) evaluated
engineering education frameworks and confirmed that structured, ongoing teacher
development directly influences institutional preparedness. Instructors who consistently
participate in upskilling initiatives exhibit vastly higher confidence in teaching cyber-physical

concepts and demonstrate a significantly greater willingness to utilize modern pedagogical
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strategies. Their research emphasized that institutional leadership must create accessible, long-
term professional development structures that match the rapid pace of real-world industrial

innovation, rather than relying on isolated, one-off weekend training seminars.

Infrastructural and Financial Deficits

The third and most visible factor anchoring the technological divide is the physical and
fiscal reality of the institutions. Industry 4.0 technologies are inherently capital-intensive.
Procuring modern industrial robots, automated assembly training kits, high-end simulation
software (such as Studio 5000 or TIA Portal), and stable high-speed data networks requires
massive financial outlays that far exceed the historical operational budgets of standard
developing institutions.

This reality creates what UNESCO-UNEVOC (2019) identified as a deep-seated
structural paradox: the institutions that most desperately need to produce highly skilled
technicians to drive economic development are the very ones financially locked out of
purchasing the equipment required to train them. This financial deficit triggers a cascade of
compounding instructional failures. When funding is constrained, institutions prioritize basic
survival costs (e.g., personnel payroll, basic building maintenance) over capital technology
upgrades.

Consequently, students are trained on obsolete machinery, or worse, their technical
education is reduced to a purely theoretical exercise, where cyber-physical operations are
drawn on whiteboards rather than executed on live hardware. This lack of physical
infrastructure completely undermines the constructivist learning model and directly generates
the "sense of being lost" identified among technical educators operating within under-resourced

training ecosystems.

Industry-Education Synergy and the Path Forward
To bridge these gaps, contemporary vocational literature heavily emphasizes the
absolute necessity of cultivating deep, structural partnerships between academic institutions

and active private-sector corporations, a concept known as Industry-Education Synergy.

Models of Private-Academic Partnerships

In an era of hyper-rapid technological change and tight public budgets, no technical
institution can remain modern in isolation. Capturing true Industry-Education synergy requires
moving beyond superficial partnerships (like basic student internships) toward deeply

integrated, multi-layered resource-sharing ecosystems. According to the Triple Helix Model of
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Innovation popularized by Etzkowitz and Leydesdorff, sustainable economic growth in the
digital age requires a continuous, collaborative relationship between universities/TVET
institutions, industry players, and government bodies. In advanced frameworks, this synergy
manifests through several distinct operational models:

1. Co-Developed Curricula: Corporate engineering teams sit directly on TVET curriculum
boards to ensure that training modules match active job descriptions in real time.

2. Shared Infrastructure and Equipment Co-Location: Private corporations donate modern
equipment to TVET labs or establish corporate training centers directly inside the
polytechnic campuses, securing a steady stream of highly familiarized recruits while
lowering the school's capital costs.

3. Faculty Return-to-Industry Programs: Technical educators regularly leave the
classroom for short-term immersions inside active industrial plants, ensuring their

practical skills remain sharp and aligned with current corporate deployments.

The Journey from Analog to Agile Vocational Systems

By embracing digitalization, data analytics, and smart educational tools, technical
programs can shed obsolete practices and transform into highly agile, demand-driven systems.
However, capturing these opportunities requires vocational leadership to reject passive
management models. Instead, as summarized by global evaluations from the Organization for
Economic Co-operation and Development (OECD, 2019), institutions must execute proactive
curriculum development strategies, aggressively deploy simulation and virtual tools to offset
physical equipment shortages, and actively cultivate an institutional culture centered entirely
on digital innovation.

Ultimately, the literature demonstrates that bridging the technological divide within
TVET ecosystems is not merely a technical challenge; it is a multifaceted administrative,
pedagogical, and cultural transformation that requires aligning leadership agility with verified

educator competencies and structural industrial partnerships.

Conceptual Framework
The conceptual logic of the study is visualized in Figure 1 below. It illustrates the
dynamic, systemic flow of the TVET Industry 4.0 Integration Model (TIIM) framework -

highlighting how Administrative Inputs catalyze the Pedagogical Process.
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Figure 2- Conceptual Framework

The TVET Industry 4.0 Integration a Model (TI1M) framework is structured around
five interconnected stages: inputs, process, outputs, outcomes, and feedback mechanisms, all
of which collectively support the successful integration of Industry 4.0 technologies into
Technical and Vocational Education and Training (TVET) systems. The first stage, known as
the inputs or foundational stage, focuses on the essential conditions required for effective
technological transformation. This stage emphasizes administrative reform through strategic
policy direction and inter-ministerial collaboration to ensure coordinated implementation of
innovation initiatives. It also highlights the importance of infrastructural investment, including
the provision of reliable internet connectivity, stable electricity supply, and modern simulation
laboratories capable of supporting digital learning environments. In addition, the framework
stresses the need for strong partnerships between TVET institutions and private technology
companies to facilitate access to emerging technologies, technical expertise, and industry-
driven innovations. This stage is supported by the Technology Acceptance Model (TAM),
which posits that the perceived usefulness of technology increases when users have access to
functional and effective technological tools.

The second stage of the framework is the process or transformation stage, which
involves the practical implementation of technological integration within TVET institutions.
At this stage, curriculum re-engineering becomes necessary to incorporate emerging Industry
4.0 technologies such as Artificial Intelligence (Al), the Internet of Things (loT), robotics, and
automation into trade-based and technical learning programs. Alongside curriculum reforms,

the framework emphasizes continuous staff development through hands-on workshops,
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industrial attachments, seminars, and participation in Massive Open Online Courses (MOQOCs)
aimed at enhancing educators’ digital competencies. This transformation process is grounded
in Constructivist Theory, which advocates learner-centered and project-based approaches that
encourage active participation, problem-solving, and experiential learning.

The third stage of the framework focuses on outputs, which represent the immediate
and measurable results of the integration process. One major output is digital fluency among
educators, demonstrated through their ability to operate smart factory systems, utilize digital
tools, and apply data analytics in teaching and learning activities. Another important output is
the modernization of laboratory and workshop facilities, transitioning from conventional
analog systems to digitally enabled smart learning environments. These outputs are linked to
Competency-Based Education (CBE) Theory, which measures educational success based on
the acquisition and demonstration of specific digital and technical competencies.

The fourth stage concerns the long-term outcomes of the framework. At this level, the
framework seeks to enhance graduate employability by reducing the mismatch between the
skills acquired in TVET institutions and the competencies demanded by modern industries.
The framework also aims to improve institutional preparedness by positioning TVET
institutions as regional centers of excellence capable of driving technological innovation and
workforce development. Furthermore, the framework aspires to achieve global alignment by
ensuring that TVET systems attain standards comparable to technologically advanced countries
such as Germany, South Korea, and Singapore.

Finally, the TIIM framework incorporates a feedback loop mechanism that ensures
continuous improvement and adaptability. This stage involves regular industry validation
through employer feedback, stakeholder engagement, and labor market assessments to
continuously revise and update curricula in response to evolving industrial demands. The
feedback mechanism reflects the principles of agile systems, which emphasize flexibility,

responsiveness, and continuous adaptation to rapid technological and industrial changes.

Methodology

This study utilized a Sequential Exploratory Mixed-Methods Design to investigate and
mathematically model the predictors of Institutional Preparedness (IP) for Industry 4.0 within
Technical and Vocational Education and Training (TVET) institutions in South-South Nigeria.
To move beyond purely descriptive reporting, the study established a rigid Qualitative-to-
Quantitative Integration Pipeline. Qualitative themes extracted from semi-structured

interviews and focus group discussions with 24 key stakeholders (12 educators and 12
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administrators) were directly utilized to operationalize the variables for a quantitative survey
administered to 150 TVET student respondents. The predictive linkages of the TVET Industry
4.0 Integration Model (T11M) were then verified using Pearson correlation, analysis of variance
(ANOVA), and multiple linear regression.

Population of the Study

The study population comprised TVET educators and administrators which are academic and
non-academic staff of the selected schools - public polytechnics, technical colleges, and
colleges of education (Technical) in the South-South region of Nigeria. Participants included
instructors, academic leaders, and administrators involved in the curriculum implementation

process.

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. This non-probability technique is
methodologically justified because the primary objective of Phase 1 was not statistical
generalization, but rather the acquisition of deep, information-rich insights into specialized
institutional realities. For the quantitative phase, a purposive random sampling technique was
applied to select 150 respondents - TVET undergraduates across the selected institutions,
ensuring proportional representation across institutions and roles. The purposive (non-
probability) technique was the most, scientifically sound choice for the qualitative phase of the
study. This is because, qualitative researches do not aim for statistical generalizability; they
aim for information richness. To understand the complex realities of integrating Industry 4.0
technologies, I needed participants who actually possess the deep, specialized experiences

required to answer the research questions.

Instruments for Data Collection

In the qualitative phase, data were collected using a semi-structured interview guide and a focus
group discussion protocol. The semi-structured format was intentionally chosen over a rigid,
structured instrument to allow for responsive, open-ended probing, which was critical for
uncovering nuanced stakeholder experiences and complex emotional barriers like instructional
anxiety. Focus groups were integrated to leverage group dynamics, triggering collective
insights into shared institutional bottlenecks and coping strategies that rarely surface in
isolated, one-on-one sessions. To maintain strict confidentiality, all qualitative participants and

sessions were masked using an alphanumeric placeholder system. For the quantitative phase, a
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structured questionnaire was developed directly from these qualitative themes, utilizing six
sections of Likert-scale items designed to measure the core predictive constructs of the TIIM

framework.

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.

Data Presentation, Analysis and Discussion of Findings

This study utilized a sequential exploratory mixed-methods research design to model
the systemic factors driving Industry 4.0 readiness within Technical and Vocational Education
and Training (TVET) institutions in South-South Nigeria. To ensure empirical rigor, this
section bypasses isolated data silos and follows a strict Qualitative-to-Quantitative Integration
Pipeline. The thematic constructs extracted from the lived experiences of technical educators
and administrators (n=24) in Phase I, - the complete semi-structured interview script for which
is provided in Appendix A, served as the direct structural foundation used to operationalize the
quantitative survey variables (AP, IC, 10, and IP) validated among TVET stakeholders (n=150)
in Phase II.
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Evaluation of Phase I: Qualitative Themes and Research Question 1

The initial qualitative phase directly addressed Research Question 1, mapping the lived

experiences of TVET stakeholders regarding systemic shifts and disruptions. The Braun and

Clarke (2006) six-step thematic analysis model yielded six core operational themes:

The Technological Dichotomy (Theme 1): Participants uniformly identified a severe
non-linear structural split between the hyper-connected, cyber-physical workflows
deployed by regional private-sector multinational corporations and the manual, analog
legacy equipment preserved within public TVET workshops.

Digital Competency Gaps (Theme 2): Frontline technical educators revealed a sharp
decline in Perceived Ease of Use (PEU) when confronted with automated architectures,
reporting severe digital gaps in areas like cloud-connected PLC data informatics and
mechatronic troubleshooting.

Infrastructural and Financial Deficits (Theme 3): Informants detailed an
instructional environment paralyzed by chronic underfunding, missing simulator
hardware training kits, and severe regional grid power instability.
Administrative/Policy Inertia (Theme 4) & Industry-Education Synergy (Theme
6): Modernization efforts are systematically halted by multi-layered procurement
bureaucracies, rigid regulatory examination compliance, and a historical lack of deep
structural academic-private partnerships.

Psychological Barriers (Theme 5): Lacking targeted institutional scaffolding,
instructors reported a profound instructional anxiety and a psychological "sense of
being lost," which causes them to defensively retreat to rigid, lecture-based behaviorist

drills, further widening the classroom-to-workplace skills mismatch.

Quantitative Presentation and Model Verification (Phase II)

To transition from qualitative exploration to mathematical verification, the survey data

collected from Phase II (n=150) was modeled using multiple linear regression and Pearson

correlation matrices. The dynamic, systemic flow of the verified framework is structurally

represented in Figure 1 (Conceptual Framework), which illustrates how strategic

administrative inputs catalyze the transformation process to achieve high-value institutional

readiness outcomes.

Statistical Evaluation of the TVET Industry 4.0 Integration Model (TTIM)

293



Journal of Centre for Technical Vocational Education, Training and Research (JOCETVETAR), Vol. 8(2) — December, 2026
Mack, B.

The mathematical relationship mapping the baseline predictors onto the dependent
variable is governed by the following multiple linear regression equation:
IP = B0 + B1(AP) + B(IO) + B(IC) + €
Substituting the calculated unstandardized coefficients (B) and intercept from the statistical
output (Table 3), the validated predictive model is expressed as:
IP = 0.077 +0.399(AP) + 0.339(10) + 0.300(IC)
Where:

IP = Institutional Preparedness

AP = Administrative Practices

10 = Institutional Outcomes

IC = Implementation Challenges

Analysis of Survey Tables and Figures

Analysis of Survey Tables and Figures

Table 1: Model Summary

Change Statistics
R Adjusted  Std. Error of R Square F Sig. F
Model R  Square R Square the Estimate Change Change dfl df2 Change
1 902 .814 811 377 814 213579 3 146 <.001

a. Predictors: (Constant), Institutional Outcomes (IO), Administrative Practices (AP), Implementation
Challenges (I1C)

Table 2: 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 (10), Administrative Practices (AP), Implementation
Challenges (IC)

The overall explanatory power of the simultaneous regression framework is detailed in Table
1. The multiple correlation coefficient (R =.902) demonstrates an exceptionally high degree of
linear association between the combined independent predictors and the criteria variable. The
coefficient of determination (R? = .814) proves that the proposed TIIM framework accounts for

81.4% of the total variance in Institutional Preparedness (IP) for Industry 4.0 integration within
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the South-South Nigerian geopolitical zone. The Adjusted R? value of .811 confirms the high

stability of the model, minimizing the risk of statistical over-fitting.

To verify whether the observed predictive power was statistically significant or a

product of random sampling variance, an F-test was executed. As shown in Table 2, the

regression model yielded an F-statistic of 213.579 with a significance value of p < .001.

Because the calculated probability is well below the standard alpha threshold (o = 0.05), the

null hypothesis is rejected. This confirms that the combination of Administrative Practices,

Institutional Outcomes, and Implementation Challenges represents a highly statistically

significant linear predictor of institutional readiness.

Table 3: Coefficients

Standardize

Unstandardized d 95.0% Confidence
Coefficients Coefficients Interval
Std. Lower Upper
Model B Error Beta T Sig. Bound Bound
1 (Constant) 077 .209 369 713  -335 489
Implementation Challenges .300 .069 252 4.361 <.001 .164 435
(1C)
Administrative Practices .399 .053 .405 7471 <.001 .293 504
(AP)
Institutional Outcomes (10) .339 043 .372 7.794 <.001 .253 425
Dependent Variable: Institutional Preparedness (IP)
Table 4 - Coefficient Correlations
Institutional Administrative  Implementation

Model Outcomes (I0)  Practices (AP)  Challenges (IC)
1 Correlations  Institutional Outcomes (I0)  1.000 -.204 -.393
Administrative Practices (AP) -.204 1.000 -.586
Implementation  Challenges -.393 -.586 1.000
(IC)
Covariances Institutional Outcomes (I0)  .002 .000 -.001
Administrative Practices (AP) .000 .003 -.002
Implementation  Challenges -.001 -.002 .005

(I9)

Dependent Variable: Institutional Preparedness (1P)
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Fig. 2 — Relationship map

Table 3 details the individual statistical contributions, significance tracks, and confidence
intervals for each specific model construct:

Administrative Practices (AP): Logged the highest standardized weight within the entire
ecosystem (B = .405, t = 7.471, p < .001), establishing proactive and agile institutional
management as the primary driving force of the transformation model.

Institutional Outcomes (I0): Logged a highly significant predictive weight (B = .372, t =
7.794, p < .001), confirming that instructor digital self-efficacy and modular curriculum
adaptability strongly predict overall readiness.

Implementation Challenges (IC): Yielded a significant, positive standardized coefficient (3
=.252,t=4.361, p <.001) when evaluated simultaneously within the complete system. This
mathematical behavior indicates that within the TIIM framework, systemic environmental
challenges do not act as isolated, static barriers; instead, their operational impact is actively

mediated and managed by the agility of the institutional leadership.

The multi-construct interaction and covariance matrix presented in Table 4 uncovers the
internal, non-linear dynamics driving the institutional ecosystem under the dependent variable
(IP):

Correlations Pathway: A strong, statistically significant negative relationship is confirmed
between Administrative Practices and Implementation Challenges (r = -.586). This indicates
that as agile administrative behaviors improve, the perceived severity and operational impact
of physical environmental barriers decrease by 58.6%. A moderate negative correlation is
tracked between Institutional Outcomes and Implementation Challenges (r = -.393), proving
that high instructor self-efficacy and flexible academic modularity dilute the constraints of

structural resource deficits.
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A weak negative relationship is noted between Institutional Outcomes and Administrative
Practices (r = -.204).

Covariances Pathway: The model's stability is further verified by its low error covariance rates,
with Institutional Outcomes logging a variance value of .002, Administrative Practices logging

.003, and Implementation Challenges maintaining a strict baseline profile of .005.

The structural network mapping this multi-layered interaction is visually detailed in Figure 2
(Relationship Map). The dense, interconnected network lines linking Category Counts 1
through 5 demonstrate that Institutional Preparedness (IP) is a product of systemic, balanced
interactions across all variables rather than isolated hardware upgrades. Proactive
administrative nodes serve as the core hubs within this relational network map, reinforcing the

system's overall structural integration.
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Fig. 3 — Bar chart of all the variables
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Fig. 4: Graph showing trend lines and equations

The broader operational trends across the 150 survey respondents are validated through Figure
3 (Bar Chart of all the Variables) and Figure 4 (Graph showing trend lines and equations). The
multi-variable trend charts show that while baseline infrastructure deficits remain critically

high across the South-South region, institutions that feature an upward trend line in
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administrative adaptability show a synchronized, linear increase in both instructor capability

and overall technological readiness.

Discussion of Findings According to Research Questions

RQ 2 & RQ 3: The Dominance of Administrative Agility over Resource Shortages

In direct response to Research Question 2 and Research Question 3, the empirical validation of
the TIIM framework proves that Administrative Practices (AP) act as the primary engine
driving Industry 4.0 readiness ( = .405, p <.001). Historically, descriptive technical education
literature has treated administrative entities as passive background structures limited to basic
compliance and budgetary bookkeeping.

The quantitative findings challenge this static view. When administrators reject passive
management models and demonstrate high agility—by fast-tracking specialized simulation
software licenses, establishing flexible cross-disciplinary technical committees, and actively
negotiating corporate equipment co-location agreements—they directly drive institutional
readiness. Strategic, agile leadership support mitigates the instructional gaps far more

effectively than uncoordinated hardware procurement alone.

RQ 4: The Administrative Buffer Against Physical Constraints

Research Question 4 targeted how regional barriers (such as power instability and
funding shortfalls) impact readiness, and whether proactive leadership can actively buffer those
constraints. The strong negative correlation between Administrative Practices and
Implementation Challenges (r = -.586) explicitly detailed in Table 4 provides a clear
mathematical answer.

In an under-resourced training environment like South-South Nigeria, environmental
challenges are a given. However, the positive predictive trajectory of challenges within the full
model (B = .252) reveals a unique cooperative dynamic: the presence of structural obstacles
serves as an operational catalyst that triggers proactive administrative workarounds. By shifting
to simulation-first pedagogy, utilizing virtual programmable logic controller (PLC)
environments, and leveraging cloud-based training tools, agile administrators successfully
bypass regional physical shortages, turning structural constraints into opportunities for

innovation.
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RQ 5: Eliminating the Skills Mismatch via Constructivist Learning Theory

Addressing Research Question 5, the high statistical weight of Institutional Outcomes ( =
372, p < .001) proves that fostering teacher digital self-efficacy and implementing modular
academic structures directly impacts workforce readiness. This finding aligns with
Constructivist Learning Theory, which states that technical knowledge is actively built through
experiential experimentation rather than passive, rote instruction.

By introducing virtual simulation labs to replicate the operations of smart factories,
institutions can mitigate the instructor's psychological "sense of being lost" and lower
instructional anxiety. Furthermore, moving from rigid, traditional calendars to a modular
Competency-Based Education (CBE) framework allows institutions to update isolated,
obsolete training units the moment a specific technology evolves in the industrial sector. This
structural flexibility removes the regional skills mismatch and ensures that graduates possess

the verified, hands-on capabilities required by modern automated industries.

Summary, Conclusion, and Recommendations
Summary
The primary objective of this study was to empirically model the predictors of institutional
readiness for Industry 4.0 within the Technical and Vocational Education and Training (TVET)
sector of South-South Nigeria. To achieve this, the study formulated and tested the TVET
Industry 4.0 Integration Model (TIIM). The investigation adopted a sequential exploratory
mixed-methods research design across two distinct phases:
Phase I (Qualitative): Involved purposive interviews with 24 TVET stakeholders (12
frontline educators and 12 senior administrators). Thematic analysis extracted six core
operational themes: The Technological Dichotomy, Digital Competency Gaps, Infrastructural
and Financial Deficits, Professional Development and Upskilling Needs, Psychological
Barriers ("Sense of Being Lost"), and Administrative Agility vs. Policy Inertia.
Phase II (Quantitative): Generalized and mathematically tested these insights via a structured
survey administered to a validation sample of 150 TVET educators. Multiple linear regression
and Pearson correlation analyses were executed to model the predictive interactions between
Administrative Practices (AP), Implementation Challenges (IC), and Institutional Outcomes
(IO) on the dependent variable, Institutional Preparedness (IP).

The statistical validation confirmed that the TIIM configuration holds exceptional
explanatory power, with the predictive framework accounting for 81.4% of the total variance

in Institutional Preparedness (R? = .814, F(3, 146) = 213.579, p < .001). Crucially,
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Administrative Practices emerged as the single most dominant predictor within the system (3
= 405, t = 7471, p < .001), while Institutional Outcomes (p = .372) and Implementation
Challenges (B = .252) exerted significant secondary predictive weights. Furthermore, a strong
negative correlation (r = -.586, p <.001) was established between Administrative Practices and
Implementation Challenges, proving that leadership agility effectively buffers and mitigates

physical environmental barriers.

Conclusions

Based on the empirical and statistical evidence generated in this study, the following
conclusions are drawn:
Administrative Agility Subverts Resource Scarcity: The traditional assumption that physical
infrastructure deficits (funding shortages, regional grid power collapses) are unyielding
barriers that entirely halt technical modernization is false. The strong negative correlation (r =
-.586) between Administrative Practices and Implementation Challenges proves that strategic
leadership agility acts as an active structural buffer. Proactive administrative behaviors—such
as fast-tracking simulation software licenses and bypassing multi-layered procurement
bureaucracies—neutralize environmental constraints far more effectively than uncoordinated
hardware procurement alone.
Constructivist Pedagogy Mitigates Instructional Anxiety: The psychological "sense of
being lost" and instructional anxiety experienced by frontline faculty members when
confronted with advanced automated architectures are direct symptoms of a drop in Perceived
Ease of Use (PEU). Rather than treating this resistance as an unyielding behavioral barrier, it
can be systematically mitigated by shifting from rigid, lecture-based behaviorist drills toward
constructivist paradigms. Utilizing virtual simulation labs and digital twin environments safely
builds instructor digital self-efficacy, actively driving positive institutional outcomes ( =
372).
Curricular Modularity Eliminates the Skills Mismatch: To bridge the severe technological
dichotomy separating TVET classrooms from active private-sector corporate workflows, the
traditional, time-bound technical training frameworks managed by the National Board for
Technical Education (NBTE) must be restructured. Transitioning to an outcome-driven,
modular Competency-Based Education (CBE) model allows agile institutions to rapidly update
isolated, obsolete instruction tracks the moment a technology changes in the industrial market,

ensuring sustainable graduate employability.
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Recommendations

To operationalize these findings and drive structural reform across the Nigerian TVET
ecosystem, the following targeted recommendations are presented to policymakers, regulatory
bodies, and institutional managers:

1. Institutionalize Administrative Agility Frameworks

Given that Administrative Practices emerged as the most dominant predictive engine of
institutional readiness (B = .405) and demonstrate a powerful capacity to weaken
implementation barriers (r =-.586), TVET leadership must reject passive management models.
To make this realistic, public polytechnics and technical colleges should establish specialized,
agile Industry 4.0 Transformation Committees. These committees must be empowered to
bypass multi-layered procurement bureaucracies to fast-track software licensing (e.g., Studio
5000, TIA Portal, or digital twin environments) and rapidly reallocate capital resources toward
simulation-first pedagogical infrastructure.
2. Transition from Rigid Tracks to Modular Competency-Based Education (CBE)

To neutralize the severe technological dichotomy highlighted by stakeholders, the National
Board for Technical Education (NBTE) must fundamentally overhaul its structural curriculum
compliance mandates. Traditional, time-bound technical training frameworks must be
systematically dismantled into flexible, outcome-driven modular competency units. By
structuring vocational tracks into isolated modules (e.g., Module A: IoT Sensor Configuration;
Module B: PLC Troubleshooting), institutions can rapidly update a single, obsolete
instructional tract the moment an industrial technology evolves in the corporate market,
eliminating the regional skills mismatch without requiring a total curriculum overhaul.

3. Deploy Simulation-First and Virtual Pedagogies to Buffer Physical Resource Deficits
Since physical infrastructure and financial constraints are persistent realities within the
South-South geopolitical zone, institutions must utilize strategic constructivist workarounds to
build educator self-efficacy (f =.372). it behoves TVET institutions to prioritize investment in
cloud-based virtual simulation laboratories, digital twins, and virtual programmable logic
controller (PLC) configurations rather than focusing solely on capital-intensive physical
hardware procurement. This simulation-first approach directly scaffolds the learning
environment, safely mitigates instructional anxiety, and elevates the Perceived Ease of Use

(PEU) among frontline technical faculty.

301



Journal of Centre for Technical Vocational Education, Training and Research (JOCETVETAR), Vol. 8(2) — December, 2026
Mack, B.

4. Cultivate Deep Structural Industry-Education Synergy
To resolve the systematic isolation of vocational institutions from the private sector,
partnerships must move beyond superficial, short-term student internships. The NBTE and
institutional administrators should execute aggressive multi-layered resource-sharing
ecosystems, aligning with the Triple Helix Model of Innovation. This includes establishing
Faculty Return-to-Industry Programs, where technical educators undergo routine short-term
immersions inside active manufacturing and energy facilities, as well as initiating equipment
co-location agreements where private tech firms deploy modern hardware directly within
polytechnic workshops.
5. Establish Regional TVET Centers of Digital Excellence
To address localized funding shortages and maximize resource utility across the South-
South region, a decentralized clustering approach should be adopted. This can be achieved, the
Federal Ministry of Education, in coordination with the NBTE, should designate and fund
specific polytechnics as Regional Centers of Digital Excellence. These hubs will house
centralized mechatronic and smart-factory simulators, serving as shared-resource facilities
where surrounding technical colleges can access high-tier tools and participate in continuous,

structured professional upskilling bootcamps
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