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Abstract 

The rapid advancement of digital technologies has transformed supply chain and logistics management, requiring 
Technical and Vocational Education and Training (TVET) institutions to redesign teaching and learning approaches to 
align with Industry 4.0 demands. This conceptual paper explores the integration of digital transformation technologies into 
the teaching of supply chain and logistics courses in TVET institutions. Specifically, the paper discusses the application of 
Enterprise Resource Planning (ERP) systems, Supply Chain Management (SCM) software, digital twins, artificial 
intelligence (AI)-assisted learning tools, metaverse learning environments, and smart laboratories in enhancing teaching 
effectiveness and students' employability. Guided by the Technology–Organization–Environment (TOE) framework and 

Constructivist Learning Theory, the study adopts an exploratory conceptual research approach through a comprehensive 
review of recent literature and the development of a proposed conceptual framework. Rather than reporting empirical 
findings, the paper synthesizes existing knowledge to identify critical factors influencing digital transformation in TVET 
supply chain education and proposes research propositions for future empirical validation. The study contributes 
theoretically by extending digital transformation discourse into TVET-based supply chain education and practically by 
providing strategic insights for educators, institutional leaders, and policymakers in developing future-ready logistics 
education ecosystems. 

 
Keywords: AI Tutor; Digital Transformation; Digital Twins; ERP; Logistics Education; Metaverse Learning, Smart Labs; Supply Chain 

Management; TVET. 

1.0 Introduction 

The Fourth Industrial Revolution (Industry 4.0) has fundamentally transformed business operations by 

integrating advanced digital technologies into manufacturing, logistics, and supply chain management. 

Technologies such as artificial intelligence (AI), the Internet of Things (IoT), cloud computing, blockchain, 

digital twins, big data analytics, and Enterprise Resource Planning (ERP) systems have enabled organisations 

to improve operational efficiency, supply chain visibility, real-time decision-making, and organisational 

resilience (Büyüközkan & Göçer, 2022; Dwivedi et al., 2023). Consequently, organisations increasingly 

require graduates who possess not only technical knowledge but also digital competencies that support 

technology-driven supply chain operations. 
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Technical and Vocational Education and Training (TVET) institutions play an essential role in developing 

a skilled workforce capable of meeting the evolving demands of Industry 4.0 and the digital economy. As 

industries continue to digitalise their operations, TVET institutions are expected to redesign curricula, 

teaching approaches, and learning environments to ensure graduates acquire industry-relevant competencies. 

According to UNESCO (2024), digital transformation in TVET is no longer optional but has become a 

strategic priority for preparing graduates with future-oriented knowledge, technical expertise, and lifelong 

learning capabilities. Similarly, the OECD (2023) emphasised that educational institutions must establish 

comprehensive digital education ecosystems that integrate technology, governance, educator competency, and 

institutional support to enhance teaching quality and graduate employability.  

In supply chain management (SCM) and logistics education, traditional lecture-based teaching methods 

are increasingly insufficient for preparing students to operate in highly digitalised industrial environments. 

Modern logistics organisations rely extensively on ERP systems, Warehouse Management Systems (WMS), 

Transportation Management Systems (TMS), digital twin technologies, predictive analytics, and AI-supported 

decision-making tools. Consequently, integrating these technologies into teaching enables students to gain 

authentic learning experiences through real-time simulations, virtual warehouses, and practical problem-

solving activities that closely resemble industrial practice (Karia & Asaari, 2024; Chen et al., 2025; 

Büyüközkan & Göçer, 2022). 

Digital transformation in education refers to the strategic integration of digital technologies into teaching, 

learning, assessment, and institutional management to improve educational effectiveness and learner 

outcomes. Emerging educational technologies—including AI-powered tutoring systems, immersive metaverse 

learning environments, smart laboratories, learning analytics, and digital simulation platforms—provide 

opportunities for personalised, collaborative, and experiential learning that enhance students' engagement and 

competency development (Bond et al., 2024; Holmes & Tuomi, 2023; OECD, 2023). These technologies are 

increasingly recognised as key enablers of future-ready TVET institutions capable of producing digitally 

competent graduates who can thrive in technology-intensive workplaces.  

Despite these opportunities, many TVET institutions continue to experience significant challenges in 

implementing digital transformation initiatives. Common barriers include inadequate ICT infrastructure, 

limited financial resources, insufficient digital competency among educators, organisational resistance to 

technological change, and unequal access to digital learning resources. These challenges are particularly 

evident in developing countries, where disparities in institutional readiness continue to impede the effective 

implementation of Industry 4.0 educational practices (Ahmad et al., 2024; Ismail et al., 2023). Furthermore, 

OECD (2023) highlighted that successful digital transformation requires coordinated investment not only in 

technological infrastructure but also in educator professional development, institutional governance, and 

digital innovation strategies.  

Recognising these challenges, this study is grounded in the Technology–Organization–Environment 

(TOE) Framework (Tornatzky & Fleischer, 1990) and Constructivist Learning Theory. The TOE framework 

explains that successful technology adoption depends on technological capability, organisational readiness, 

and environmental conditions, whereas Constructivist Learning Theory posits that meaningful learning occurs 

through active participation, authentic experiences, and collaborative knowledge construction. Together, these 

theoretical perspectives provide an appropriate foundation for examining how digital technology integration, 

institutional readiness, and educator digital competency influence teaching effectiveness and student learning 

outcomes within TVET supply chain and logistics education. 
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Therefore, this conceptual paper aims to examine the factors influencing digital transformation in TVET 

supply chain and logistics education by proposing an integrated conceptual framework linking digital 

technology integration, institutional readiness, educator digital competency, teaching effectiveness, and 

student learning outcomes. The paper also discusses emerging educational innovations, including AI-assisted 

learning, digital twins, metaverse learning environments, and smart laboratories, as strategic approaches for 

developing future-ready logistics education aligned with Industry 4.0 and Industry 5.0 requirements. 

To better understand the digital transformation of teaching and learning in Technical and Vocational 

Education and Training (TVET), this study is grounded in the Technology–Organization–Environment (TOE) 

Framework and Constructivist Learning Theory. The TOE framework, developed by Tornatzky and Fleischer 

(1990), explains that successful technology adoption is influenced by three interrelated dimensions: 

technological readiness, organizational capability, and environmental conditions. Within the context of 

TVET, the technological dimension refers to the availability and adoption of digital technologies for teaching 

and learning, the organizational dimension encompasses institutional readiness and educator competency, 

while the environmental dimension reflects external pressures from industry, government policies, and 

technological advancement. The TOE framework has been widely adopted in digital transformation and 

educational technology research because it provides a comprehensive explanation of how organizational and 

technological factors collectively influence technology implementation (Baker, 2012; Al-Maroof et al., 2022). 

 

Complementing the TOE framework, Constructivist Learning Theory posits that meaningful learning occurs 

when students actively construct knowledge through authentic experiences, collaboration, reflection, and 

problem-solving rather than passive information acquisition (Jonassen, 1999). The integration of digital 

technologies into supply chain and logistics education aligns closely with constructivist principles because 

students engage in experiential learning through simulations, virtual environments, and real-world problem-

solving activities. Technologies such as Enterprise Resource Planning (ERP) systems, Supply Chain 

Management (SCM) software, digital twins, artificial intelligence (AI)-assisted learning tools, metaverse 

learning environments, and smart laboratories provide interactive learning experiences that enable students to 

develop practical competencies required in modern logistics and supply chain operations (Dwivedi et al., 

2023; Holmes & Tuomi, 2023). 

 

Recent advancements in digital technologies have significantly expanded opportunities for technology-

enhanced learning within TVET institutions. ERP systems enable students to understand integrated business 

processes such as procurement, inventory management, production planning, warehousing, and distribution 

while bridging theoretical knowledge with industrial practice (Karia & Asaari, 2024). Similarly, Supply Chain 

Management (SCM) software and digital twin technologies facilitate real-time logistics simulations, allowing 

learners to analyse complex operational scenarios and make data-driven decisions in virtual environments 

(Büyüközkan & Göçer, 2022). Artificial intelligence (AI)-powered tutoring systems further enhance 

personalized learning through adaptive feedback, intelligent assessment, and learning analytics (Chen et al., 

2025), whereas metaverse learning environments create immersive virtual logistics ecosystems that improve 

student engagement, collaboration, and experiential learning (Dwivedi et al., 2023). In addition, smart 

laboratories equipped with Internet of Things (IoT) devices, robotics, sensors, and automation technologies 

enable students to gain hands-on experience with Industry 4.0 applications commonly implemented in modern 

logistics operations (UNESCO, 2024). Therefore, integrating these technologies into TVET curricula is 

expected to improve teaching effectiveness and enhance students' digital competencies and employability. 
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Accordingly, this study proposes that digital technology integration, institutional readiness, and educator 

digital competency collectively influence teaching effectiveness and student learning outcomes. The TOE 

framework explains the organizational and technological factors affecting digital transformation, while 

Constructivist Learning Theory provides the pedagogical foundation for understanding how technology-

enhanced learning promotes competency development in supply chain and logistics education. 

 

 

1.1 Problem Statement 

 

The increasing digitalization of supply chain and logistics operations has created a substantial competency 

gap between industry requirements and graduates’ capabilities from TVET institutions. Many logistics 

employers demand graduates with practical knowledge of ERP systems, SCM software, data analytics tools, 

and automated logistics technologies. However, existing teaching approaches in many TVET institutions 

remain predominantly traditional and theory-oriented, limiting students’ exposure to real-world digital 

logistics environments. 

 

One of the major issues is the limited adoption of advanced digital technologies in teaching and assessment 

practices. Although technologies such as SAP ERP systems, warehouse management systems, digital twin 

simulations, and AI-driven learning tools are widely utilized in industry, their integration into TVET curricula 

remains relatively low. This mismatch may reduce graduate employability and hinder workforce readiness in 

the digital economy. 

 

Additionally, resource-limited TVET institutions often face infrastructural and financial constraints that 

impede the implementation of digital transformation initiatives. Many institutions lack sufficient hardware, 

software licenses, internet connectivity, and smart laboratory facilities necessary to support digital learning 

ecosystems. The high cost of acquiring and maintaining advanced logistics technologies further widens the 

digital divide among institutions. 

Another critical issue involves educators’ readiness and competency in adopting technology-enhanced 

teaching methods. Some educators may possess limited technical expertise or experience difficulties adapting 

to digital pedagogies. Resistance to change and lack of continuous professional development further affect the 

effectiveness of digital transformation initiatives in TVET education. 

 

Furthermore, current literature largely focuses on digital transformation in higher education and industrial 

sectors, while studies specifically examining digital transformation in TVET-based supply chain and logistics 

education remain limited. Existing research rarely integrates emerging technologies such as metaverse 

learning, AI tutors, and smart labs within SCM educational contexts. 

 

Therefore, there is a need for a comprehensive conceptual framework that explains the relationship 

between digital technology integration, institutional readiness, educator competency, teaching effectiveness, 

and student learning outcomes in TVET supply chain and logistics education. 

 

2.0 Literature review 

The rapid advancement of digital technologies under Industry 4.0 has significantly transformed the 

educational landscape, particularly in Technical and Vocational Education and Training (TVET). In supply 
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chain and logistics education, digital transformation has become essential in preparing students with practical 

and technological competencies aligned with industrial requirements. Technologies such as Enterprise 

Resource Planning (ERP) systems, Supply Chain Management (SCM) software, digital twins, artificial 

intelligence (AI), virtual simulations, and smart laboratories are increasingly integrated into teaching and 

learning processes to improve instructional effectiveness and graduate employability. 

This literature review discusses the relationship between digital technology integration, institutional 

readiness, educator digital competency, teaching effectiveness, and student learning outcomes. The discussion 

is grounded in the Technology-Organization-Environment Framework and Constructivist Learning Theory to 

support the proposed conceptual framework. 

2.1 Theoretical Foundation 

2.1.1 Technology–Organization–Environment (TOE) Framework 

 

The Technology–Organization–Environment (TOE) framework, developed by Tornatzky and Fleischer 

(1990), is one of the most widely adopted theoretical models for explaining technology adoption and digital 

transformation within organizational settings. The framework proposes that successful technology 

implementation is influenced by three interrelated dimensions: technological, organizational, and 

environmental contexts. The technological context refers to the availability, compatibility, complexity, and 

perceived benefits of technological innovations. The organizational context encompasses institutional 

characteristics such as leadership commitment, financial capability, organizational culture, human resources, 

and technological readiness. Meanwhile, the environmental context considers external factors including 

government policies, industrial competition, technological advancement, stakeholder expectations, and 

regulatory requirements that influence organizational decision-making (Baker, 2012). 

 

In educational settings, particularly within Technical and Vocational Education and Training (TVET), the 

TOE framework has increasingly been applied to explain institutional readiness for digital transformation and 

technology-enhanced learning. Recent studies have demonstrated that the successful integration of digital 

technologies into teaching and learning depends not only on technological infrastructure but also on 

institutional support, educator competency, strategic leadership, and external policy environments (Al-Maroof 

et al., 2022; Bond et al., 2024). These findings suggest that digital transformation in education represents an 

organizational change process rather than merely the adoption of new technologies. 

 

Within the context of supply chain management (SCM) and logistics education, the TOE framework 

provides a comprehensive lens for understanding how digital technology integration, institutional readiness, 

and environmental pressures collectively influence teaching effectiveness. The technological dimension 

includes educational technologies such as Enterprise Resource Planning (ERP) systems, Supply Chain 

Management (SCM) software, digital twins, artificial intelligence (AI)-assisted learning, metaverse platforms, 

and smart laboratories. The organizational dimension reflects educators' digital competency, institutional 

resources, leadership commitment, and curriculum readiness, whereas the environmental dimension captures 

industrial expectations, national digital education policies, and Industry 4.0 initiatives. Therefore, the TOE 

framework provides an appropriate theoretical foundation for explaining the organizational factors 

influencing digital transformation in TVET supply chain and logistics education. 
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2.1.2 Constructivist Learning Theory 

 

Constructivist Learning Theory argues that learning is an active process in which learners construct 

knowledge through authentic experiences, reflection, collaboration, and problem-solving rather than passively 

receiving information (Piaget, 1972; Vygotsky, 1978). This theory emphasizes learner-centred education, 

where students develop conceptual understanding by interacting with real-world situations, engaging in 

collaborative activities, and applying knowledge to solve practical problems. Such an approach aligns closely 

with competency-based education, which forms the foundation of many TVET programmes. 

 

The rapid digitalization of supply chain and logistics operations has created new opportunities to 

implement constructivist learning through technology-enhanced educational environments. Emerging 

technologies such as ERP systems, SCM simulation software, digital twins, AI-powered tutoring systems, 

metaverse learning environments, and smart laboratories allow students to experience realistic logistics 

operations within interactive and immersive learning environments. These technologies encourage 

experiential learning by enabling learners to analyse operational scenarios, evaluate alternative solutions, and 

make informed decisions that closely resemble industrial practice (Dwivedi et al., 2023; Holmes & Tuomi, 

2023). 

 

Recent educational research consistently demonstrates that constructivist learning supported by digital 

technologies enhances students' engagement, critical thinking, problem-solving ability, and professional 

competency (Bond et al., 2024; Chen et al., 2025). AI-assisted learning systems provide adaptive feedback 

and personalized instruction, while digital simulations and virtual environments promote collaborative 

learning and authentic skill development. Consequently, Constructivist Learning Theory provides the 

pedagogical foundation for understanding how digital technologies can improve teaching effectiveness and 

student learning outcomes in TVET supply chain and logistics education. 

 

The integration of the TOE framework and Constructivist Learning Theory offers a holistic theoretical 

perspective for this study. While the TOE framework explains the organizational and technological conditions 

required for successful digital transformation, Constructivist Learning Theory explains how technology-

enhanced learning facilitates competency development through active engagement and experiential learning. 

Together, these theories support the proposed conceptual framework linking digital technology integration, 

institutional readiness, educator digital competency, teaching effectiveness, and student learning outcomes. 

 

 

2.2 Digital Transformation in TVET Supply Chain and Logistics Education 

 

The rapid advancement of Industry 4.0 technologies has fundamentally transformed supply chain 

management (SCM) and logistics operations, requiring organisations to adopt digitally enabled business 

processes that improve efficiency, visibility, and responsiveness. Technologies such as Enterprise Resource 

Planning (ERP) systems, Internet of Things (IoT), cloud computing, artificial intelligence (AI), blockchain, 

robotics, and digital twins have become integral components of modern supply chain ecosystems, enabling 

organisations to optimise inventory management, warehouse operations, transportation planning, demand 

forecasting, and real-time decision-making (Büyüközkan & Göçer, 2022; Dwivedi et al., 2023). 
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Consequently, industries increasingly require graduates who possess digital competencies that extend beyond 

traditional logistics knowledge to include the ability to operate digital platforms, analyse data, and collaborate 

within technology-driven supply chain environments. 

This transformation has significant implications for Technical and Vocational Education and Training 

(TVET) institutions, whose primary mission is to prepare graduates with industry-relevant competencies. 

Unlike conventional higher education programmes that often emphasise theoretical knowledge, TVET 

education focuses on competency-based learning through practical experience and workplace readiness. As 

industrial practices become increasingly digitalised, TVET institutions must redesign curricula, pedagogical 

approaches, assessment methods, and learning environments to ensure graduates develop the knowledge, 

technical skills, and digital capabilities required by Industry 4.0 and the emerging Industry 5.0 landscape 

(UNESCO, 2024; OECD, 2023). 

 

Recent studies have highlighted that digital transformation in TVET extends beyond simply adopting 

educational technologies. Rather, it represents a comprehensive organisational transformation involving 

technological infrastructure, institutional governance, curriculum redesign, educator professional 

development, and collaboration with industry partners (Bond et al., 2024; Al-Maroof et al., 2022). Effective 

digital transformation therefore requires institutions to establish supportive ecosystems where technology, 

human capability, and organisational readiness operate synergistically to improve teaching quality and student 

learning experiences. 

 

Within supply chain and logistics education, digital technologies provide opportunities to bridge the long-

recognised gap between theoretical instruction and industrial practice. Enterprise systems such as ERP and 

SCM software expose students to integrated business processes, while simulation technologies—including 

digital twins and virtual warehouse systems—allow learners to model, analyse, and optimise logistics 

operations in realistic environments (Karia & Asaari, 2024; Büyüközkan & Göçer, 2022). Likewise, AI-

powered learning platforms offer personalised learning pathways through adaptive feedback and intelligent 

assessment, whereas immersive technologies such as the metaverse provide collaborative virtual 

environments where students can experience warehouse operations, transportation planning, and supply chain 

coordination without the constraints of physical facilities (Chen et al., 2025; Dwivedi et al., 2023). 

 

Furthermore, the emergence of smart laboratories equipped with Internet of Things (IoT) devices, robotics, 

automation systems, sensors, and real-time analytics has created new opportunities for experiential learning 

within TVET institutions. These environments enable students to acquire hands-on experience with 

technologies currently implemented in modern logistics operations while simultaneously strengthening 

analytical thinking, problem-solving skills, and digital literacy (UNESCO, 2024). Such learning environments 

are particularly valuable because they support competency development through authentic industrial 

scenarios, thereby improving graduates' employability and readiness for digital supply chain careers. 

 

Despite these opportunities, the adoption of digital transformation within TVET institutions remains 

uneven. Numerous institutions continue to encounter challenges related to limited financial resources, 

inadequate technological infrastructure, insufficient educator digital competencies, and organisational 

resistance to change, particularly within developing countries (Ahmad et al., 2024; Ismail et al., 2023). These 

constraints limit the effective implementation of technology-enhanced teaching and reduce students' exposure 

to authentic digital supply chain environments. Consequently, understanding the organisational, technological, 

and human factors that facilitate successful digital transformation has become increasingly important for 
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improving teaching effectiveness and graduate competency development within TVET supply chain and 

logistics education. 

 

Overall, the literature suggests that digital transformation is no longer limited to technology adoption but 

represents a strategic educational reform that integrates digital technologies, institutional capability, educator 

competency, and innovative pedagogical practices. Consequently, investigating the factors that contribute to 

successful digital transformation is essential for developing future-ready TVET institutions capable of 

producing graduates equipped with the competencies required by increasingly digitalised supply chain and 

logistics industries. 

 

 

2.3 Digital Technology Integration and Teaching Effectiveness 

 

Digital transformation has fundamentally reshaped teaching and learning practices by enabling educational 

institutions to integrate innovative digital technologies into curriculum delivery, assessment, and competency 

development. Within Technical and Vocational Education and Training (TVET), the integration of digital 

learning technologies has become increasingly important for preparing graduates capable of operating in 

highly digitalised industrial environments. Rather than functioning as isolated technological tools, these 

technologies collectively create an integrated digital learning ecosystem that enhances experiential learning, 

collaborative problem-solving, and industry-oriented competency development (Bond et al., 2024; UNESCO, 

2024). 

 

In this study, digital learning technology integration refers to the systematic incorporation of technology-

enabled learning resources that support teaching effectiveness in supply chain and logistics education. Based 

on the existing literature, digital learning technologies may be conceptually categorised into four 

complementary groups: enterprise technologies, intelligent technologies, simulation technologies, and 

immersive learning technologies. This categorisation provides a more comprehensive understanding of how 

different digital technologies collectively contribute to effective teaching and learning rather than examining 

each technology independently. 

 

Enterprise technologies comprise systems that support integrated business and supply chain operations, 

including Enterprise Resource Planning (ERP) systems, Supply Chain Management (SCM) software, 

Warehouse Management Systems (WMS), and Transportation Management Systems (TMS). These 

technologies expose students to authentic industrial processes by enabling them to perform procurement 

planning, inventory control, warehouse operations, production scheduling, and logistics coordination within 

realistic business environments. Previous studies have consistently reported that ERP-supported learning 

improves students' analytical capability, systems thinking, decision-making, and industry readiness because 

learners experience integrated business operations rather than fragmented functional activities (Karia & 

Asaari, 2024). 

 

The second category, intelligent technologies, includes artificial intelligence (AI)-powered tutoring 

systems, adaptive learning platforms, and learning analytics applications. These technologies personalise 

learning by providing adaptive feedback, automated assessment, intelligent recommendations, and data-driven 

monitoring of student progress. AI-assisted educational platforms enable educators to identify learning 

difficulties more efficiently while supporting students through personalised learning pathways that enhance 

engagement and competency development (Chen et al., 2025; Holmes & Tuomi, 2023). Consequently, 
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intelligent technologies have become important enablers of learner-centred education and continuous 

competency improvement. 

 

Simulation technologies represent another important component of digital learning within supply chain 

education. Technologies such as digital twins, supply chain simulation software, virtual warehouses, and 

logistics modelling platforms enable students to visualise complex supply chain operations within realistic but 

risk-free environments. Through simulation-based learning, students are able to analyse inventory decisions, 

warehouse layouts, transportation planning, production scheduling, and supply chain disruptions while 

developing analytical and problem-solving capabilities. Such experiential learning environments closely 

replicate industrial practice, thereby strengthening students' operational competency and decision-making 

skills (Büyüközkan & Göçer, 2022). 

 

The fourth category consists of immersive learning technologies, including metaverse learning 

environments, virtual reality (VR), augmented reality (AR), and smart laboratories. Unlike conventional 

classroom instruction, immersive technologies create highly interactive learning environments where students 

collaborate, communicate, and solve authentic logistics problems within virtual industrial settings. Smart 

laboratories equipped with Internet of Things (IoT) devices, robotics, sensors, automation systems, and real-

time analytics further extend experiential learning by allowing students to interact directly with Industry 4.0 

technologies commonly implemented in modern supply chains (Dwivedi et al., 2023; UNESCO, 2024). These 

environments improve learner engagement while strengthening practical competency development through 

authentic workplace experiences. 

 

Although each category of digital learning technology offers distinct educational benefits, previous studies 

increasingly suggest that their effectiveness is maximised when implemented as complementary components 

of an integrated digital learning ecosystem rather than as standalone educational tools (Bond et al., 2024; 

OECD, 2023). Successful digital transformation therefore depends not merely on technology availability but 

on the strategic integration of multiple digital technologies that collectively support competency-based 

teaching and learning. Such integration enables educators to combine enterprise systems, intelligent learning 

platforms, simulation environments, and immersive technologies into coherent learning experiences that 

better prepare graduates for digitally enabled supply chain and logistics careers. 

 

Collectively, the literature consistently demonstrates that digital learning technology integration positively 

influences teaching effectiveness by enhancing instructional quality, learner engagement, experiential 

learning, collaborative problem-solving, and competency development. Therefore, the following proposition 

is advanced: 

 

2.4 Institutional Readiness and Teaching Effectiveness 

 

Institutional readiness is widely recognised as a critical organisational capability that determines the 

successful implementation of digital transformation initiatives in educational institutions. Within the context 

of Technical and Vocational Education and Training (TVET), institutional readiness extends beyond the 

availability of technological infrastructure to encompass organisational leadership, financial commitment, 

policy support, human resource capability, and collaboration with industry. These organisational elements 

collectively create an enabling environment that facilitates the effective integration of digital technologies into 

teaching and learning processes (Al-Maroof et al., 2022; Bond et al., 2024). 
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Drawing upon the Technology–Organization–Environment (TOE) framework, organisational readiness 

represents one of the three principal dimensions influencing technology adoption and digital transformation 

(Tornatzky & Fleischer, 1990). Within educational settings, organisational readiness reflects an institution's 

capability to mobilise resources, formulate digital strategies, and establish supportive structures necessary for 

sustaining technology-enhanced learning. Consequently, institutions that demonstrate higher levels of 

organisational readiness are generally better positioned to implement innovative pedagogical approaches and 

achieve successful digital transformation outcomes (OECD, 2023). 

 

Based on the synthesis of existing literature, institutional readiness in TVET may be conceptualised 

through five complementary dimensions, namely digital infrastructure, leadership commitment, financial 

capability, policy and governance, and industry collaboration. Rather than functioning independently, these 

dimensions collectively determine the extent to which institutions can successfully implement digital learning 

technologies and support educators in delivering technology-enhanced instruction. 

 

Digital infrastructure forms the technological foundation of institutional readiness. Effective 

implementation of digital learning technologies requires reliable internet connectivity, cloud computing 

facilities, learning management systems, computer laboratories, smart classrooms, simulation software, and 

access to enterprise systems such as Enterprise Resource Planning (ERP) platforms. Previous studies 

consistently demonstrate that inadequate digital infrastructure remains one of the primary barriers to digital 

transformation within TVET institutions, particularly in developing countries where technological resources 

remain limited (Ismail et al., 2023; UNESCO, 2024). Without sufficient infrastructure, educators are unable to 

fully integrate advanced digital technologies into classroom instruction, thereby limiting opportunities for 

experiential learning and competency development. 

 

Leadership commitment represents another essential dimension of institutional readiness. Institutional 

leaders play a strategic role in establishing digital transformation agendas, allocating financial resources, 

promoting organisational innovation, and fostering a culture that supports technology adoption. Strong 

leadership commitment also encourages collaboration among educators, administrators, and industry partners, 

thereby facilitating continuous improvement in teaching and learning practices. Bond et al. (2024) reported 

that leadership support significantly strengthens institutional digital culture and positively influences 

educators' willingness to adopt innovative pedagogical approaches. 

 

Financial capability is equally important because digital transformation requires substantial investment in 

technological infrastructure, software licensing, system maintenance, educator training, and curriculum 

redesign. Technologies such as ERP systems, digital twins, artificial intelligence (AI) platforms, virtual reality 

applications, and smart laboratories often involve considerable implementation and operational costs. 

Consequently, institutions with stronger financial capability are better able to invest in sustainable digital 

learning ecosystems that enhance teaching quality and student competency development (OECD, 2023; 

UNESCO, 2024). 

 

Policy and governance further determine the sustainability of digital transformation initiatives. Institutional 

policies establish strategic priorities, operational guidelines, quality assurance mechanisms, and governance 

structures that regulate the implementation of educational technologies. Comprehensive digital transformation 

strategies ensure that technology integration aligns with curriculum objectives, assessment practices, educator 

professional development, and long-term institutional goals. Previous studies indicate that institutions 
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possessing well-defined digital governance frameworks demonstrate higher levels of technology adoption and 

educational innovation (Al-Maroof et al., 2022). 

 

Finally, industry collaboration strengthens institutional readiness by ensuring that educational programmes 

remain aligned with current industrial practices and technological developments. Partnerships with logistics 

companies, ERP vendors, technology providers, and professional bodies enable TVET institutions to access 

industry-standard software, simulation platforms, internships, professional certification programmes, and 

authentic learning resources. Such collaborations enhance curriculum relevance while providing students with 

greater exposure to real-world supply chain operations, thereby improving graduate employability and 

workforce readiness (UNESCO, 2024). 

 

Although previous studies have examined individual aspects of institutional readiness, most have focused 

primarily on technological infrastructure or organisational support in isolation. Limited attention has been 

given to understanding institutional readiness as a multidimensional organisational capability that 

simultaneously encompasses technological, managerial, financial, governance, and industrial collaboration 

factors within TVET supply chain and logistics education. This fragmented perspective limits understanding 

of how institutions create comprehensive ecosystems capable of sustaining digital transformation and 

improving teaching effectiveness. 

 

Collectively, the literature suggests that institutions possessing higher levels of organisational readiness are 

more capable of supporting educators, integrating digital learning technologies, and delivering effective 

competency-based education. Therefore, institutional readiness is expected to positively influence teaching 

effectiveness within TVET supply chain and logistics education. 

 

2.5 Research Gaps 

 

The increasing adoption of digital technologies has stimulated extensive research on digital transformation 

in education. However, despite the growing body of literature, several important gaps remain unresolved, 

particularly within the context of Technical and Vocational Education and Training (TVET) supply chain and 

logistics education. These gaps limit current understanding of how digital transformation can effectively 

improve teaching effectiveness and student learning outcomes in vocational education. 

 

2.5.1 Limited Focus on TVET Supply Chain and Logistics Education 

 

Existing studies on digital transformation have predominantly focused on higher education institutions, 

business organisations, and general online learning environments, while comparatively little attention has 

been devoted to Technical and Vocational Education and Training (TVET), particularly within supply chain 

management (SCM) and logistics programmes (Bond et al., 2024; UNESCO, 2024). Although TVET 

institutions play a critical role in preparing industry-ready graduates, much of the current literature overlooks 

the unique characteristics of competency-based education, practical training requirements, and industrial 

collaboration that distinguish TVET from conventional university education. Consequently, there remains 

limited understanding of how digital transformation specifically influences teaching and learning within 

TVET supply chain and logistics programmes. 

 

2.5.2 Fragmented Investigation of Digital Learning Technologies 
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Previous studies have generally investigated digital technologies as independent educational tools, 

focusing separately on Enterprise Resource Planning (ERP) systems, artificial intelligence (AI), digital twins, 

simulation software, metaverse learning, or smart laboratories (Büyüközkan & Göçer, 2022; Chen et al., 

2025; Dwivedi et al., 2023). While these studies provide valuable insights into the educational benefits of 

individual technologies, they offer limited understanding of how these technologies collectively function as an 

integrated digital learning ecosystem. Consequently, there is a lack of conceptual studies that synthesise 

multiple digital learning technologies into a comprehensive construct capable of explaining technology-

enhanced teaching within supply chain and logistics education. 

 

2.5.3 Limited Integration of Organisational and Pedagogical Perspectives 

 

The existing literature primarily examines digital transformation from either technological or pedagogical 

perspectives. Studies adopting organisational perspectives frequently emphasise institutional readiness, 

technological infrastructure, and digital strategy, whereas educational studies tend to focus on instructional 

design, student engagement, and learning experiences (Al-Maroof et al., 2022; Holmes & Tuomi, 2023). Few 

studies integrate these complementary perspectives into a unified framework that simultaneously considers 

organisational capability, educator competency, digital learning technology integration, teaching 

effectiveness, and student learning outcomes. This fragmented approach limits a comprehensive 

understanding of digital transformation in TVET education. 

 

2.5.4 Limited Application of Integrated Theoretical Perspectives 

 

Although the Technology–Organization–Environment (TOE) framework and Constructivist Learning 

Theory have each been widely applied in technology adoption and educational research, studies integrating 

both theoretical perspectives within TVET supply chain and logistics education remain scarce. The TOE 

framework explains organisational readiness for digital transformation, whereas Constructivist Learning 

Theory explains how digital technologies facilitate active, experiential, and competency-based learning. 

However, existing studies rarely combine these complementary theoretical perspectives to explain both 

organisational implementation and pedagogical effectiveness within a single conceptual framework. This 

theoretical separation limits understanding of the multidimensional nature of digital transformation in 

vocational education. 

 

2.5.5 Lack of Comprehensive Conceptual Frameworks for TVET Digital Transformation 

 

Current literature provides limited comprehensive conceptual frameworks capable of explaining the 

interrelationships among digital learning technology integration, institutional readiness, educator digital 

competency, teaching effectiveness, and student learning outcomes within TVET supply chain and logistics 

education. Most existing studies investigate these constructs independently without examining how they 

collectively contribute to successful digital transformation initiatives (OECD, 2023; UNESCO, 2024). 

Consequently, there remains a need for an integrated conceptual model that explains the organisational, 

technological, and pedagogical mechanisms through which digital transformation enhances teaching 

effectiveness and graduate competency development. 

 

Addressing these research gaps, this conceptual paper proposes an integrated framework grounded in the 

Technology–Organization–Environment (TOE) framework and Constructivist Learning Theory. Unlike 

previous studies that examine digital technologies individually or focus primarily on organisational or 
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pedagogical factors in isolation, this study conceptualises Digital Learning Technology Integration (DLTI) as 

a multidimensional construct comprising enterprise technologies, intelligent technologies, simulation 

technologies, and immersive learning technologies. Furthermore, the proposed framework integrates 

institutional readiness, educator digital competency, teaching effectiveness, and student learning outcomes to 

provide a holistic explanation of digital transformation in TVET supply chain and logistics education. The 

framework therefore establishes a foundation for future empirical research while offering practical guidance 

for educators, institutional leaders, and policymakers seeking to develop future-ready vocational education 

ecosystems. 

 

2.6 Development of the Conceptual Framework 

 

The proposed conceptual framework was developed through a systematic synthesis of contemporary 

literature on digital transformation, technology-enhanced learning, supply chain management education, and 

Technical and Vocational Education and Training (TVET). Rather than examining individual digital 

technologies or organisational factors in isolation, this study integrates technological, organisational, 

pedagogical, and educational perspectives into a unified conceptual model. The framework is grounded in the 

Technology–Organization–Environment (TOE) Framework and Constructivist Learning Theory, which 

collectively provide complementary explanations of how digital transformation influences teaching 

effectiveness and student learning outcomes within TVET supply chain and logistics education. 

 

The development of the conceptual framework is informed by three principal considerations. First, 

previous studies have demonstrated that digital transformation in education is a multidimensional 

phenomenon involving technology adoption, organisational capability, educator readiness, and instructional 

innovation rather than merely the implementation of digital tools (Al-Maroof et al., 2022; Bond et al., 2024). 

Second, existing research has largely examined digital technologies such as Enterprise Resource Planning 

(ERP) systems, artificial intelligence (AI), digital twins, simulation platforms, metaverse learning 

environments, and smart laboratories as independent educational interventions. While these studies have 

reported positive educational outcomes, limited attention has been given to understanding how these 

technologies collectively contribute to teaching effectiveness when implemented as an integrated digital 

learning ecosystem (Büyüközkan & Göçer, 2022; Chen et al., 2025; Dwivedi et al., 2023). Third, current 

literature rarely combines organisational readiness and pedagogical theories into a single framework capable 

of explaining digital transformation within competency-based TVET education. 

 

Accordingly, this study proposes Digital Learning Technology Integration (DLTI) as a multidimensional 

construct that represents the strategic integration of digital technologies to support teaching and learning 

within supply chain and logistics education. Unlike previous studies that investigate individual technologies 

independently, DLTI conceptualises digital learning technologies as complementary educational resources 

operating within an integrated learning ecosystem. Based on the synthesis of the literature, DLTI comprises 

four interrelated dimensions: 

 

• Enterprise Technologies, including Enterprise Resource Planning (ERP) systems, Supply Chain 

Management (SCM) software, Warehouse Management Systems (WMS), and Transportation 

Management Systems (TMS), which expose students to integrated business processes and 

operational decision-making.  
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• Intelligent Technologies, including artificial intelligence (AI)-powered tutoring systems, adaptive 

learning platforms, and learning analytics, which facilitate personalised learning, intelligent 

assessment, and adaptive feedback.  

• Simulation Technologies, including digital twins, virtual logistics simulations, and supply chain 

modelling software, which provide experiential learning opportunities through realistic 

operational scenarios and problem-solving activities.  

• Immersive Learning Technologies, including metaverse learning environments, virtual reality 

(VR), augmented reality (AR), and smart laboratories equipped with Internet of Things (IoT), 

robotics, and automation technologies, which create authentic learning experiences that replicate 

modern industrial environments. 

 

The conceptualisation of DLTI represents the primary contribution of this study. Rather than treating 

individual technologies as isolated instructional tools, the proposed framework recognises that meaningful 

digital transformation requires the coordinated integration of multiple technologies that collectively enhance 

teaching effectiveness and competency development. This integrated perspective provides a more 

comprehensive understanding of digital learning within TVET supply chain and logistics education and offers 

a conceptual foundation for future empirical investigation. 

 

In addition to technological integration, the framework recognises that successful digital transformation 

depends on organisational capability. Consistent with the TOE Framework, Institutional Readiness is 

conceptualised as a multidimensional construct comprising digital infrastructure, leadership commitment, 

financial capability, policy and governance, and industry collaboration. These organisational capabilities 

create an enabling environment that supports educators in implementing digital learning technologies 

effectively and sustainably. 

 

The framework further incorporates Educator Digital Competency as a critical human capability 

influencing technology-enhanced teaching. Drawing upon Constructivist Learning Theory and contemporary 

digital competency literature, educator digital competency encompasses digital literacy, technology-supported 

pedagogy, continuous professional development, and technology acceptance. Educators possessing higher 

levels of digital competency are more capable of designing learner-centred instructional activities, integrating 

digital technologies into teaching practices, and facilitating authentic learning experiences that promote 

competency development. 

 

Within the proposed framework, Teaching Effectiveness functions as the central pedagogical mechanism 

linking organisational capability and digital technology integration to educational outcomes. Effective 

teaching is characterised by learner engagement, experiential learning, interactive instruction, assessment 

quality, and instructional effectiveness. These characteristics reflect the principles of competency-based 

education and constructivist learning, where students actively construct knowledge through authentic learning 

experiences supported by digital technologies. 

 

Finally, the framework proposes that improved teaching effectiveness contributes directly to enhanced 

Student Learning Outcomes, including digital literacy, supply chain and logistics competency, critical 

thinking, problem-solving capability, industry readiness, and graduate employability. These outcomes reflect 

the competencies increasingly demanded by Industry 4.0 and Industry 5.0 workplaces, where graduates are 

expected to combine technical expertise with digital capability and analytical decision-making skills. 
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Overall, the proposed conceptual framework offers a holistic explanation of digital transformation within 

TVET supply chain and logistics education by integrating technological, organisational, human, pedagogical, 

and educational dimensions into a single explanatory model. The framework extends existing literature by 

introducing Digital Learning Technology Integration (DLTI) as a multidimensional construct and by 

integrating the TOE Framework with Constructivist Learning Theory to explain the relationships among 

digital technology integration, institutional readiness, educator digital competency, teaching effectiveness, and 

student learning outcomes. Consequently, the framework establishes a robust theoretical foundation for future 

empirical studies employing quantitative methods such as Structural Equation Modelling (SEM) to validate 

the proposed relationships. 

 

3.0 Research Methodology 

3.1 Research Design 

 

This study adopts an exploratory conceptual research design to examine the role of digital transformation 

in Technical and Vocational Education and Training (TVET) supply chain and logistics education. Unlike 

empirical studies that rely on primary data collection, conceptual research seeks to synthesise existing 

theoretical and empirical knowledge to develop new conceptual insights and theoretical propositions 

(Jaakkola, 2020). Accordingly, this study integrates contemporary literature on digital transformation, supply 

chain education, educational technology, and TVET to develop a comprehensive conceptual framework 

explaining the relationships among Digital Learning Technology Integration (DLTI), Institutional Readiness, 

Educator Digital Competency, Teaching Effectiveness, and Student Learning Outcomes. 

 

The exploratory nature of this study is particularly appropriate because digital transformation in TVET 

supply chain education remains an emerging research area characterised by fragmented theoretical 

perspectives and limited integrated conceptual models. Therefore, rather than testing hypotheses empirically, 

this study focuses on identifying research gaps, synthesising current knowledge, and proposing a theoretically 

grounded framework to guide future empirical investigations. 

 

3.2 Research Approach 

 

Rather than relying on a narrative review, this study adopted a structured literature review approach to 
identify relevant publications related to digital transformation, Technical and Vocational Education and 

Training (TVET), supply chain management education, digital learning technologies, institutional readiness, 

educator digital competency, and teaching effectiveness. Recent peer-reviewed journal articles published 

between 2022 and 2025 were prioritised to ensure that the conceptual framework reflects current 

developments in Industry 4.0, digital education, and emerging educational technologies. Foundational 

theoretical studies, including those introducing the Technology–Organization–Environment (TOE) 

Framework and Constructivist Learning Theory, were also incorporated to establish the theoretical basis of 

the proposed framework. 

 

Literature was obtained primarily from internationally recognised academic databases, including Scopus, 

Web of Science, ScienceDirect, SpringerLink, Emerald Insight, Taylor & Francis Online, IEEE Xplore, and 
Google Scholar. Priority was given to peer-reviewed journal articles, international reports published by 

UNESCO and the Organisation for Economic Co-operation and Development (OECD), and seminal 

theoretical publications relevant to digital transformation and educational technology. 
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3.3 Conceptual Framework Development 

 

The conceptual framework was developed through an iterative synthesis of the reviewed literature. 

Initially, key constructs frequently reported in previous studies were identified, including digital learning 

technologies, institutional readiness, educator digital competency, teaching effectiveness, and student learning 

outcomes. These constructs were subsequently analysed and synthesised to identify conceptual relationships 

supported by existing theoretical and empirical evidence. 

 

The framework was then grounded within the Technology–Organization–Environment (TOE) Framework 
and Constructivist Learning Theory to explain both organisational and pedagogical dimensions of digital 

transformation in TVET. Finally, propositions describing the relationships among the constructs were 

developed based on the collective findings of previous studies. 

 

3.4 Proposed Future Empirical Validation 

 

Although this study is conceptual in nature, the proposed framework provides a foundation for future 

empirical investigation. Future studies may validate the proposed relationships through quantitative research 

involving educators and students from Technical and Vocational Education and Training (TVET) institutions 

offering supply chain and logistics programmes. 

 

A cross-sectional survey design using structured questionnaires may be employed to collect primary data. 
The proposed framework may subsequently be analysed using Structural Equation Modelling (SEM) to 

examine the relationships among Digital Learning Technology Integration, Institutional Readiness, Educator 

Digital Competency, Teaching Effectiveness, and Student Learning Outcomes. 

 

Future studies may adopt stratified random sampling to ensure adequate representation across different 

TVET institutions, academic programmes, and respondent categories. Statistical analyses including reliability 

analysis, Confirmatory Factor Analysis (CFA), and Structural Equation Modelling (SEM) may then be 

employed to validate the proposed conceptual framework. 

 

 

4.0 Theoretical and Practical Contributions 

 

This study contributes to the literature in several important ways. First, the study advances the digital 

transformation literature by proposing an integrated conceptual framework that explains the relationships 

among Digital Learning Technology Integration (DLTI), Institutional Readiness, Educator Digital 

Competency, Teaching Effectiveness, and Student Learning Outcomes within Technical and Vocational 

Education and Training (TVET) supply chain and logistics education. Unlike previous studies that have 

predominantly examined these constructs independently, the proposed framework integrates technological, 

organisational, pedagogical, and educational perspectives into a unified explanatory model. 

 

Second, the study contributes conceptually by introducing Digital Learning Technology Integration 

(DLTI) as a multidimensional construct comprising enterprise technologies, intelligent technologies, 

simulation technologies, and immersive learning technologies. Existing literature generally investigates 
Enterprise Resource Planning (ERP), artificial intelligence (AI), digital twins, metaverse learning, and smart 
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laboratories separately. By synthesising these technologies into a single conceptual construct, this study 
provides a more comprehensive understanding of how digital learning technologies collectively enhance 

teaching effectiveness within supply chain and logistics education. 

 

Third, the study extends the application of the Technology–Organization–Environment (TOE) Framework 

by integrating it with Constructivist Learning Theory. While the TOE Framework explains organisational 

readiness for digital transformation, Constructivist Learning Theory provides the pedagogical explanation for 

technology-enhanced competency development. The integration of these complementary theories offers a 

more holistic explanation of digital transformation within competency-based TVET education. 

 

From a practical perspective, the proposed framework provides strategic guidance for institutional leaders, 

educators, policymakers, and curriculum developers in designing future-ready TVET ecosystems. The 
framework highlights the importance of aligning institutional readiness, educator competency, and digital 

learning technologies to enhance teaching effectiveness and graduate employability. Furthermore, it provides 

a foundation for future empirical validation and the development of digital transformation strategies tailored 

specifically to supply chain and logistics education. 
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5.0 Future Directions of Digital SCM Education 

Although this study proposes a comprehensive conceptual framework for digital transformation in TVET 

supply chain and logistics education, several opportunities remain for future research. First, future studies 

should empirically validate the proposed framework using quantitative approaches such as Structural 

Equation Modelling (SEM) to examine the relationships among Digital Learning Technology Integration, 

Institutional Readiness, Educator Digital Competency, Teaching Effectiveness, and Student Learning 

Outcomes. 

Second, future researchers may develop and validate measurement scales for Digital Learning Technology 

Integration (DLTI), thereby establishing a standardised instrument for evaluating digital transformation 

initiatives within TVET institutions. Third, comparative studies involving different countries, educational 

systems, and industrial sectors would provide valuable insights into contextual variations affecting digital 

transformation in vocational education. 

Finally, longitudinal research may investigate how digital transformation initiatives evolve over time as 

institutions progress toward Industry 5.0 and smart education ecosystems. 

6.0 Conclusion  

Digital transformation has emerged as a crucial agenda in reshaping Technical and Vocational Education 

and Training (TVET), particularly within supply chain management (SCM) and logistics education. The 

increasing adoption of Industry 4.0 technologies in logistics operations has created a growing need for TVET 

institutions to redesign their teaching approaches to align with industry expectations and workforce demands. 

Technologies such as Enterprise Resource Planning (ERP) systems, SCM software, digital twins, metaverse 

learning environments, artificial intelligence (AI) tutors, and smart laboratories offer significant opportunities 

to enhance teaching effectiveness, experiential learning, and student competency development. These 

technologies enable students to gain practical exposure to real-world logistics operations while improving 

analytical, problem-solving, and digital literacy skills required in modern supply chain industries. 

However, despite the potential benefits of digital transformation, several challenges continue to hinder 

effective implementation within TVET institutions. Issues related to institutional readiness, limited 

technological infrastructure, inadequate financial resources, and insufficient educator digital competency 

remain major barriers, especially in resource-limited educational settings. Additionally, the lack of 

comprehensive empirical studies focusing specifically on digital transformation in TVET SCM education 

highlights the need for further investigation. Existing literature often emphasizes higher education institutions 

or general digital learning environments while paying limited attention to logistics-specific competencies and 

emerging technologies within vocational education contexts. Therefore, this conceptual paper addresses these 

gaps by proposing an integrated framework that examines the relationships between digital technology 

integration, institutional readiness, educator digital competency, teaching effectiveness, and student learning 

outcomes. 

Overall, this study contributes theoretically and practically to the growing discourse on digital 

transformation in TVET education. The proposed conceptual framework provides a foundation for future 

empirical studies investigating the effectiveness of digital technologies in SCM and logistics education. From 

a practical perspective, the study offers valuable insights for policymakers, institutional leaders, and educators 
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in designing future-ready TVET ecosystems that support sustainable digital transformation initiatives. By 

embracing innovative technologies and strengthening institutional and human capabilities, TVET institutions 

can better prepare graduates with the digital competencies and industry readiness necessary to thrive in 

increasingly digitalized and automated supply chain and logistics environments. 
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