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A B S T R A C T   A R T I C L E   I N F O 
The rapid digital transformation in vocational education has 
reshaped teaching and learning processes, especially in 
aligning educational outcomes with the evolving demands of 
Industry 4.0. This study aims to analyze the implications, 
challenges, and opportunities of digital transformation in 
vocational education, focusing on educators’ digital 
competencies and engagement in online learning. Using a 
quantitative survey method, data were collected from 535 
vocational education teachers representing various 
institutions and regions through structured questionnaires. 
The data were analyzed using descriptive and correlational 
statistics to identify trends and relationships between ICT 
skills and digital learning participation. The results indicate 
that teachers demonstrate strong proficiency in 
fundamental ICT tools such as text editing, spreadsheets, and 
presentation software, with high engagement in internet-
based and collaborative online learning. However, limited 
access to advanced training, unequal technological 
infrastructure, and financial constraints hinder the full 
realization of digital transformation. Moreover, teachers’ 
lower proficiency in advanced digital content creation tools 
highlights the need for targeted capacity-building programs. 
The study concludes that the successful digitalization of 
vocational education requires comprehensive strategies 
encompassing investment in digital infrastructure, 
continuous professional development, and curriculum 
modernization aligned with emerging technologies such as 
artificial intelligence and cloud computing. Strengthening 
collaboration between educational institutions and industry 
stakeholders is also essential to enhance employability and 
ensure that vocational graduates possess relevant digital 
competencies for the future workforce. 
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1. INTRODUCTION 
 

Digital transformation is reshaping vocational education and training (VET) worldwide, 
driven by the integration of Industry 4.0 technologies such as artificial intelligence (AI), the 
Internet of Things (IoT), and cloud computing (Robertsone & Lapina, 2023; Spöttl & 
Windelband, 2020). While countries like Germany and Finland have successfully adopted 
digital learning strategies, many developing regions face disparities in digital infrastructure 
and technological access (Chen & Phanumartwiwath, 2025; Košíková & Vašaničová, 2025). 
The urgency of this transformation is underscored by predictions that automation will 
displace millions of jobs while simultaneously creating new roles that demand advanced 
digital competencies (World Economic Forum, 2025). However, several challenges including 
resistance to technological change, misalignment between digital training and industry 
demands, and ethical concerns surrounding AI-driven education must be addressed to ensure 
effective implementation (Prasetya et al., 2025). 

Existing research has extensively examined the role of digital tools, pedagogical 
innovations, and workforce adaptation in vocational education. Studies highlight the 
potential of AI, virtual reality (VR), and online platforms in improving learning flexibility and 
student engagement (Javaid et al., 2024). However, large-scale surveys and case studies 
indicate that many vocational institutions struggle to align digital training with real-world 
industry requirements (Khalifah et al., 2025; Rahmawati et al., 2025). While prior research 
has contributed to policy recommendations, further studies are needed to assess the long-
term impact of digital transformation on employability and skill development, particularly in 
developing countries where infrastructure and technological resources remain limited (Chen 
& Kim, 2023; Kraus et al., 2022). 

Despite progress in integrating digital tools, significant research gaps remain in 
understanding how AI-driven personalized learning and immersive VR-based training can 
enhance practical skill acquisition. Most existing studies on digital transformation focus 
primarily on Western contexts, with limited exploration of challenges faced by developing 
countries (Strojny & Dużmańska-Misiarczyk, 2023). Additionally, there is a lack of empirical 
evidence on the effectiveness of digital strategies in bridging the skills gap between vocational 
graduates and industry needs (Çelik & Baturay, 2024). Addressing these gaps requires further 
research on the role of emerging technologies in fostering digital inclusion and improving 
vocational education outcomes (Schmidt et al., 2025).  

This study aims to evaluate the effectiveness of AI-driven adaptive learning and VR-based 
training in vocational skill development, identify challenges faced by resource-limited 
institutions, and provide policy recommendations to enhance digital readiness. By addressing 
these objectives, this research seeks to deepen the understanding of digital transformation 
in vocational education and offer practical solutions for educators, policymakers, and industry 
stakeholders in developed and developing regions. 

2. METHODS 
 

This study adopts a quantitative survey research design to examine the impact of digital 
transformation on vocational education, with a specific focus on educators' digital learning 
behaviors and ICT competencies. The research targets vocational education students and 
educators from diverse geographic regions using a stratified random sampling method, 
ensuring representation across different educational backgrounds and technological access 
levels. The estimated sample size is 535 respondents, allowing for a robust statistical analysis. 
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Data collection will be conducted through both online and offline questionnaires, which 
consist of structured sections assessing: 

1. Internet use for learning (e.g., participation in online courses, engagement with digital 
learning platforms, and frequency of searching for educational resources); 

2. Self-assessed ICT competence (e.g., proficiency in word processing, spreadsheet 
management, presentation tools, and graphic design software). 

Survey responses will be measured using a five-point Likert scale, ranging from 1 (Strongly 
Disagree) to 5 (Strongly Agree). To analyze the data, descriptive statistics (e.g., mean, 
standard deviation, frequency distribution) will be employed to identify trends, while 
correlation analysis will be conducted to examine relationships between ICT skills and digital 
learning engagement. 

3. RESULTS AND DISCUSSION 
3.1. Digital learning engagement key findings indicate high engagement in digital learning 

The findings on the engagement of vocational teachers in digital learning indicate that they 
actively utilize various online resources to support their teaching process and enhance their 
professional competencies. The use of the internet as a learning tool has the highest 
engagement rate (3.96), suggesting that teachers frequently rely on digital resources such as 
search engines, academic databases, and multimedia materials to deepen their 
understanding and seek references for teaching. Additionally, participation in online courses 
is quite high, especially for free courses (3.87), reflecting the use of platforms such as MOOCs, 
educational webinars, and open-access learning materials. However, engagement in paid 
courses is lower (3.67), indicating that financial constraints may limit teachers' access to 
premium training resources. These trends can be seen in Figure 1, which illustrates the levels 
of digital learning engagement among vocational teachers. 

On the other hand, online group learning also shows a high level of engagement (3.91), 
demonstrating that vocational teachers value collaborative learning environments, whether 
through virtual discussions, online meetings, or professional learning communities. This 
suggests that teachers are increasingly open to collaboration within professional learning 
networks to share experiences and best teaching practices. Furthermore, the frequent search 
for online learning resources (3.90) indicates that teachers are actively seeking additional 
information to support their teaching, whether for curriculum development, instructional 
materials, or innovative pedagogical strategies, as depicted in Figure 1. 

 

Figure 1. Digital learning engagement among vocational teachers. 
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These findings highlight the need for vocational education institutions to further support 
teachers' digital competencies by adopting blended learning models that combine online 
training with hands-on classroom practice (Sareen & Mandal, 2024; Shen, 2024). Additionally, 
financial barriers to accessing paid courses can be addressed by providing subsidies, 
scholarships, or institutional access to premium learning platforms for teachers (Dwivedi et 
al., 2022). Given the strong interest in online group learning, educational institutions and 
teacher communities can develop more discussion forums, professional learning 
communities, and digital mentoring programs to support continuous professional 
development. Moreover, enhancing digital literacy is crucial to ensure that teachers not only 
access information but also critically evaluate and effectively utilize digital resources in their 
teaching process (Hennessy et al., 2022). 

Overall, vocational teachers demonstrate a high level of engagement in digital learning, 
particularly in internet usage, free online courses, and collaborative learning. However, 
challenges such as limited access to paid courses and the need for stronger digital skills must 
be addressed. By optimizing the use of technology, vocational education can become more 
adaptive to modern developments, and teachers can be better equipped to guide students 
toward workforce readiness in the digital era (Isnandar et al., 2023). 

3.2. ICT skill proficiency students evaluated their ICT skills 

The self-assessment results indicate that vocational teachers generally exhibit strong 
proficiency in fundamental ICT skills, particularly in text editing, spreadsheets, and 
presentation software. As shown in Figure 1, the average skill levels in these categories are 
consistently above 3.8, reflecting a solid foundation in essential digital tools. However, the 
slightly lower score in graphic design tools suggests that teachers may require additional 
training in more advanced digital applications. 

 

Figure 2. Self-assessment of ict skills among vocational teachers. 

Vocational teachers exhibit strong proficiency in essential ICT tools, particularly text editing 
(3.96), spreadsheets (3.96), and presentation software (3.97). These skills are critical for 
creating lesson plans, managing student data, and delivering instructional content. However, 
despite their competence in basic spreadsheet functions, many teachers lack experience with 
advanced features such as pivot tables, data automation, and conditional formatting. This gap 
suggests a need for targeted ICT training, particularly in data analysis and administrative 
automation, which could significantly enhance teachers' efficiency in managing classroom 
and institutional workflows. 
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On the other hand, the lowest-rated skill, graphic design (3.83), indicates that teachers 
have less experience with tools such as Picasa and GIMP. While these tools are useful for basic 
photo editing and layout design, vocational teachers may lack exposure to industry-standard 
design software such as Adobe Photoshop, Illustrator, or CorelDRAW. The lower score in this 
area highlights the need for additional training in digital content creation, branding, and visual 
communication, particularly for teachers involved in media, arts, or technical education. 

These findings suggest several key implications for vocational teacher training and 
professional development. First, while teachers are proficient in basic ICT applications, further 
training in advanced spreadsheet functions, data visualization, and automation tools could 
enhance their effectiveness in handling student performance tracking and administrative 
tasks (Ben Youssef et al., 2022; Maiti & Priyaadharshini, 2024). Second, given the increasing 
reliance on digital content in education, vocational institutions should introduce more hands-
on training in professional design software and multimedia production (Dang et al., 2024). 
Third, ICT training should be customized to the specific needs of vocational teachers, ensuring 
that they acquire relevant digital skills for their subject areas (Alarfaj & Alrashidi, 2025; 
Cattaneo et al., 2022). For instance, teachers in business and finance programs could benefit 
from data analysis tools, while those in creative fields may require expertise in graphic design 
and digital content creation (Weng et al., 2022; Ng et al., 2023). Finally, institutions should 
encourage teachers to pursue ICT certifications, such as Microsoft Office Specialist, Adobe 
Certified Expert, or Google Certified Educator, and integrate project-based learning to provide 
practical applications of ICT skills. 

Overall, vocational teachers demonstrate strong proficiency in fundamental ICT tools, with 
the highest ratings in presentation software (3.97), text editing (3.96), and spreadsheets 
(3.96). However, their lower competence in graphic design (3.83) suggests a need for further 
skill development in digital content creation and advanced design software. By integrating 
targeted training programs, certifications, and industry-aligned ICT courses, vocational 
education institutions can better equip teachers with the digital skills needed for modern 
pedagogy and professional development 

3.3. Challenges in digital transformation despite the benefits of digitalization, vocational 
education faces several challenges 

Despite the numerous benefits of digitalization, vocational education still faces several 
challenges in its digital transformation journey. One of the primary concerns is technological 
accessibility, as not all institutions, educators, and students have equal access to digital tools 

and stable internet connectivity (Gottschalk & Weise, 2023). This digital divide is particularly 
evident in rural and underdeveloped regions, where limited infrastructure and financial 
constraints hinder the integration of technology in education (Jakobsen et al., 2023; Jia & 
Huang, 2023). Without adequate access to modern learning tools, such as computers, 
educational software, and online resources, vocational students may struggle to develop the 
digital competencies required in today's workforce. Additionally, institutional funding 
limitations often restrict investments in cutting-edge technology, preventing vocational 
schools from keeping pace with industry advancements  (Jia & Huang, 2023). 

Another significant challenge is teacher readiness, as many educators require upskilling in 
digital pedagogy to effectively integrate technology into their teaching methods. While some 
teachers are proficient in basic ICT tools, others may lack confidence in using digital platforms 
for interactive learning, online assessments, and virtual collaboration (Hennessy et al., 2022). 
Professional development programs are essential to bridge this gap, ensuring that teachers 
can maximize the potential of digital learning tools. Furthermore, curriculum adaptation 
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remains a pressing issue, as vocational programs must continuously evolve to align with 
industry requirements and emerging technologies (Kalyani, 2024). However, rigid educational 
frameworks and slow policy adaptations often delay the integration of relevant digital 
competencies. At the same time, student adaptability varies significantly, with some learners 
excelling in self-directed online learning while others struggle due to limited digital literacy. 
Addressing these challenges requires a holistic approach, including investment in 
infrastructure, targeted teacher training, curriculum modernization, and student support 
initiatives to foster a digitally inclusive vocational education system (Dwivedi et al., 2022). 

3.4. Future directions and recommendations to fully leverage digital transformation in 
vocational education, the following steps are recommended 

To fully harness the potential of digital transformation in vocational education, it is crucial 
to invest in digital infrastructure, ensuring that all students and educators have equitable 
access to technology. This includes providing high-speed internet, up-to-date digital devices, 
and access to educational software in vocational institutions, particularly in rural and 
underserved areas. Governments and educational stakeholders must prioritize technology 
integration policies and funding initiatives that enable vocational schools to modernize their 
digital resources (Bajger et al., 2025). Additionally, vocational institutions should explore 
affordable or subsidized technology programs that provide students with personal access to 
digital tools, thereby minimizing disparities in learning opportunities (Mhlanga, 2022). Beyond 
infrastructure, teacher training programs must be expanded to enhance educators’ digital 
teaching competencies. Effective professional development should focus on using learning 
management systems (LMS), implementing interactive e-learning strategies, conducting 
virtual assessments, and integrating artificial intelligence (AI) tools in teaching (Huang et al., 
2024). These initiatives will help educators move beyond basic ICT use and effectively 
implement technology-enhanced learning methodologies in vocational training. 

Moreover, curriculum modernization is essential to align vocational education with the 
demands of the digital economy and Industry 4.0. This requires integrating emerging 
technologies such as automation, data analytics, artificial intelligence (AI), and cloud 
computing into vocational training programs. Including digital literacy, cybersecurity 
awareness, and coding fundamentals in vocational curricula will further equip students with 
the necessary skills for future employment (Ghosh & Ravichandran, 2022). Furthermore, 
collaborations with industry should be strengthened to provide hands-on digital experiences 
for vocational students. Establishing partnerships with tech companies, digital startups, and 
industrial leaders can facilitate internships, mentorship programs, and digital apprenticeships 
that expose students to real-world applications of digital tools in their respective fields. By 
fostering closer ties between education and industry, vocational institutions can ensure that 
graduates are better prepared to meet evolving workforce demands, ultimately enhancing 
employability and career prospects in the digital age (Lewis, 2023). 

4. CONCLUSIONS 
 

Digital transformation is fundamentally reshaping vocational education, providing new 
opportunities for skill development while also exposing gaps in digital access and 
competency. This study highlights that while vocational students demonstrate strong 
engagement in digital learning and proficiency in fundamental ICT skills, challenges such as 
limited access to advanced training resources and disparities in digital infrastructure remain 
significant barriers. To ensure vocational education remains relevant and adaptive, 
institutions must integrate emerging technologies including artificial intelligence (AI), cloud 
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computing, and big data analytics—into their curricula. Additionally, stronger partnerships 
between industry and vocational institutions are necessary to align training programs with 
current and future workforce demands. This can be achieved through industry-led 
certifications, apprenticeship programs, and real-world digital skills training. A 
comprehensive focus on digital literacy, cybersecurity, and specialized ICT skill development 
will be essential to bridge the digital divide and ensure equitable access to technology-driven 
learning. Policymakers must prioritize investments in digital infrastructure, particularly in 
under-resourced regions, while also expanding teacher training initiatives to enhance 
educators’ ability to integrate digital tools into vocational training effectively. By fostering 
inclusive, technology-driven learning environments, vocational education can play a critical 
role in preparing students for the rapidly evolving digital economy, equipping them with the 
necessary skills to thrive in Industry 4.0 and beyond. 
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