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Abstract
This study investigated the integration of digital technologies in Technical and Vocational Education and Training (TVET) teacher education and its implications for instructional pedagogy and students’ learning outcomes. A descriptive survey research design was adopted, involving 210 respondents comprising 132 TVET pre-service teachers, 38 educators, and 40 administrators from three tertiary institutions in Lagos State, Nigeria. Data were collected using a validated structured questionnaire titled “Integration of Digital Technologies in TVET Teacher Education Questionnaire (IDTTVETEQ)” and analysed using mean and standard deviation to answer research questions, while Analysis of Variance (ANOVA) was used to test hypotheses at a 0.05 level of significance. Findings revealed that digital technologies are substantially integrated into TVET teacher education programmes, with respondents indicating widespread use of digital devices, learning management systems, simulations, and online instructional resources. The study further found that digital technology integration has a positive influence on instructional pedagogy and students’ learning outcomes, particularly in promoting learner-centred teaching, improving conceptual understanding, enhancing practical skill acquisition, and increasing student engagement and motivation. However, challenges such as inadequate infrastructure, limited institutional support, and insufficient emphasis on collaborative learning and workplace readiness were identified. The ANOVA results showed no significant differences among pre-service teachers, educators, and administrators, indicating a shared perception across stakeholder groups. The study concludes that while digital technologies are effectively integrated and beneficial to teaching and learning in TVET, further improvements are required to optimize infrastructure and pedagogical application for enhanced workplace readiness.
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Introduction
Education systems worldwide are undergoing profound transformation due to rapid technological advancement and the emergence of knowledge-based economies. Digital technologies such as artificial intelligence, cloud computing, robotics, big data analytics, and automation are reshaping industries and redefining workforce competencies (Ivaldi et al., 2022; Hossain, 2023; Ineme et al., 2025; Singh, 2025). These changes, associated with the Fourth Industrial Revolution, have accelerated the digitalisation of production systems and services, requiring education systems to equip learners with relevant skills for modern labour markets.
Technical and Vocational Education and Training (TVET) plays a crucial role in preparing individuals with industry-relevant, practical skills that support economic productivity (Yusvana, 2025). As a bridge between education and the labour market, TVET aligns training with industrial needs (Onyango, 2026). However, rapid digital transformation has altered the nature of vocational work, making it essential for TVET programmes to integrate digital technologies into teaching and learning processes (Niwamanya et al., 2025).
The integration of digital technologies is increasingly vital for enhancing the relevance and effectiveness of vocational education (Omutange et al., 2025). Tools such as computer-aided design, virtual simulations, augmented reality, and learning management systems enable learners to visualise complex processes, practice skills in simulated environments, and access resources beyond traditional classrooms (Leesakul et al., 2022; Kalyani, 2024). These innovations improve learning experiences and support the development of competencies required in technologically advanced workplaces.
Teacher education is central to achieving effective digital integration in TVET. Teachers must possess both pedagogical competence and digital literacy to translate technological innovations into meaningful instructional practices (Stumbrienė et al., 2024). This requires systematic changes in curriculum design, teaching strategies, and assessment methods, including approaches such as blended learning, flipped classrooms, and simulation-based instruction that promote active, learner-centred engagement (Mendoza et al., 2022; Kerimbayev et al., 2023; Yadav & Singh, 2026).
Digital technologies also strengthen the connection between theory and practice in vocational education through tools such as virtual laboratories, simulations, and augmented reality, which allow safe and effective practice of complex tasks (Alenezi et al., 2023; Huang, 2025). Additionally, they support the development of twenty-first-century skills, including critical thinking, creativity, collaboration, and digital communication, which are essential for modern workplaces (Martínez-Bravo et al., 2022; Dumitru & Halpern, 2023). However, challenges such as limited teacher digital competence, inadequate infrastructure, unreliable internet access, and insufficient funding continue to hinder effective implementation, particularly in developing countries (Abildinova et al., 2024; Niwamanya et al., 2025; Korir & Ngetich, 2026).
Institutional support is therefore critical for successful integration, including the provision of infrastructure, policies, and continuous professional development, as well as collaboration with industry to ensure relevance (Bakar et al., 2025; Korir & Ngetich, 2026). While digital technologies can enhance learning outcomes such as conceptual understanding, skill acquisition, and motivation, their effectiveness depends on appropriate pedagogical use and teachers’ digital competence (Jokić et al., 2024; Duterte, 2024; Kakogianni et al., 2025; Stevens, 2025). Consequently, it is essential to examine how digital technologies are integrated into TVET teacher education and their influence on pedagogy and learning outcomes, particularly in developing economies where TVET is vital for workforce development and economic growth.
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Concept of Digital Technologies in Education
Digital technologies in education refer to electronic tools, platforms, and systems that support teaching, learning, communication, and assessment (Dancsa et al., 2023). These include learning management systems, digital simulations, multimedia resources, online collaboration platforms, and artificial intelligence-based tools. They have transformed traditional instruction by enabling flexible, interactive, and personalised learning environments (Zou et al., 2025). Widely recognised for improving quality and access, they allow students to access materials remotely and collaborate with peers (Muir et al., 2022). They also support interactive activities that deepen understanding. In vocational education, they are especially valuable for developing practical skills through simulations and virtual environments. These tools replicate real-world workplace conditions.
Digital Technologies in TVET
The integration of digital technologies in TVET has become increasingly important due to the digital transformation of modern industries, which require workers with both technical and digital competencies. Consequently, TVET institutions must incorporate digital tools into training programmes to prepare graduates for contemporary workplaces (Korir & Ngetich, 2026). Evidence shows that these technologies enhance vocational training by supporting experiential learning and improving technical understanding (Negahban, 2024). In particular, simulations enable safe practice with immediate feedback while improving learning efficiency. They also reduce reliance on costly physical training resources.
Digital Competence of TVET Teachers
Teacher competence is a critical factor in the successful integration of digital technologies in education. Digital competence refers to teachers’ ability to effectively use digital tools for lesson planning, teaching, assessment, and communication (Nwafor et al., 2023). Although many TVET teachers show positive attitudes toward digital technologies, their competence is often only moderate. This highlights the need for further development through professional training and institutional support (Hani et al., 2025). Digital competence includes technical skills, pedagogical knowledge, and the ability to integrate technology into teaching practices (Purina-Bieza, 2021). Teachers with these competencies can design more engaging learning experiences. Such integration improves students’ understanding and skill development.
The TPACK Framework and Technology Integration
The Technological Pedagogical and Content Knowledge (TPACK) framework provides a key model for understanding technology integration in education, emphasizing that effective integration occurs when teachers can meaningfully combine content knowledge, pedagogical strategies, and technological tools in teaching contexts (Suchita et al., 2023). In TVET, the framework highlights that teachers’ technological knowledge and pedagogical competence are essential for effective digital integration. These competencies improve instructional delivery and students’ skill development (Maksiutov, 2024). Recent studies further advocate expanding TPACK to include industry-related competencies. This reflects the need for teachers to stay updated with current workplace practices. Such alignment ensures instruction remains relevant to labour market demands (Mesuwini & Mokoena, 2023).
Digital Technology Integration and Pedagogical Innovation
Digital technologies have the potential to transform traditional teaching by enabling interactive, student-centred pedagogies through the use of multimedia resources, collaborative platforms, and real-time feedback mechanisms (Sabri et al., 2024). Such technology-enhanced environments promote active learning and greater student participation. Research further shows that approaches like blended learning and simulation-based instruction can significantly improve student engagement and learning outcomes (Rotar, 2025), while effective integration of digital tools supports the development of critical thinking, problem-solving abilities, and technical competencies required in modern workplaces.
Digital Technologies and Learning Outcomes
Learning outcomes refer to the knowledge, skills, and competencies students acquire through educational experiences, and research shows that technology-enhanced instruction can improve academic performance, motivation, and engagement when effectively implemented (Zimu, 2024; Ibrahim et al., 2025). Digital tools support this by enabling educators to monitor progress, provide timely feedback, and personalise learning based on individual needs, thereby enhancing conceptual understanding and skill development. However, their effectiveness largely depends on teachers’ ability to integrate these technologies into pedagogically meaningful learning activities (Timotheou et al., 2023).
Challenges of Digital Integration in TVET
Despite the recognised benefits of digital technologies, several challenges hinder their effective integration in TVET teacher education. These include limited technological infrastructure, inadequate teacher training, insufficient funding, and resistance to pedagogical change (Mehdaoui, 2024). In many developing countries, these challenges are worsened by poor internet connectivity and limited access to modern training equipment. These constraints reduce the effective use of digital tools in teaching and learning environments. Furthermore, many TVET teachers require continuous professional development in digital pedagogy to move beyond basic uses such as presentations (Abdullah & Masek, 2024).
Nevertheless, literature shows that when effectively implemented, digital technologies can enhance instructional pedagogy, improve student engagement, and support the development of industry-relevant competencies. Achieving this requires teachers with strong digital competence, appropriate pedagogical strategies, and adequate institutional support. Effective integration ensures that digital tools are used meaningfully rather than superficially. While existing studies have explored digital integration in general education, there is still limited research focused on TVET teacher education. More evidence is needed on how digital technologies influence pedagogy and learning outcomes in this context to address evolving, technology-driven industry demands.
Statement of the Problem

Despite rapid global advancements in digital technologies and their increasing influence on education and industry, TVET systems are still expected to produce graduates competent in both technical and digital skills. Ideally, TVET teacher education programmes should fully integrate digital technologies into instructional delivery to promote interactive, learner-centred pedagogy. This would strengthen the connection between theory and practice and enhance students’ learning outcomes. In such an ideal situation, teachers would possess strong digital competence. They would effectively use simulations, learning management systems, and virtual tools to prepare learners for modern workplaces.
However, the reality in many TVET teacher education institutions, particularly in developing contexts, suggests that digital technology integration remains inconsistent and often suboptimal. Although some digital tools are available and occasionally used, challenges such as inadequate infrastructure, limited internet connectivity, insufficient funding, and low teacher digital competence persist. These constraints hinder effective implementation. As a result, technology use is often limited to basic functions like presentation delivery. It is not fully embedded in meaningful, experiential learning practices that enhance student skills and engagement.
Furthermore, while existing studies have examined digital technology integration in general education, there is limited empirical evidence focusing on TVET teacher education. In particular, there is a gap in understanding how digital technologies influence instructional pedagogy and students’ learning outcomes in this context. There is also limited knowledge of how different stakeholder groups perceive this integration. This study therefore seeks to address this gap. It investigates the integration of digital technologies in TVET teacher education and their implications for pedagogy and learning outcomes.
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Purpose of the Study
The general purpose of this study is to investigate the integration of digital technologies in Technical and Vocational Education and Training (TVET) teacher education and examine its implications for instructional pedagogy and students’ learning outcomes. Specifically, the study sought:
1. To examine the extent to which digital technologies are integrated into TVET teacher education programmes.
2. To determine the influence of digital technology integration on instructional pedagogy and students’ learning outcomes in TVET.

Research Questions

1. To what extent are digital technologies integrated into TVET teacher education programmes?
2. What influence does digital technology integration have on instructional pedagogy and students’ learning outcomes in TVET?
Research Hypotheses
The following null hypotheses were tested at a 0.05 level of significance
1. Digital technologies are not significantly integrated into TVET teacher education programmes.
2. Digital technology integration has no significant influence on instructional pedagogy and students’ learning outcomes in TVET? 
Methodology
This study adopted a descriptive survey research design to examine the integration of digital technologies in Technical and Vocational Education and Training (TVET) teacher education and its implications for instructional pedagogy and students’ learning outcomes. The design was appropriate as it enabled the collection of data from a defined population to describe existing conditions without manipulating variables, while capturing perspectives from key stakeholders involved in TVET programmes. The study was conducted in three purposively selected tertiary institutions in Lagos State, Nigeria, known for their roles in preparing technical educators and their varying levels of digital technology adoption. The population comprised 210 respondents, including 132 TVET pre-service teachers, 38 TVET educators, and 40 TVET administrators. Given the manageable size, a census approach was used, with all participants included. Out of 210 questionnaires administered, 202 were properly completed and returned, yielding a 96% response rate considered adequate for analysis.
Data were collected using a structured questionnaire titled “Integration of Digital Technologies in TVET Teacher Education Questionnaire (IDTTVETEQ)”, developed based on study objectives and relevant literature. The instrument consisted of two sections: demographic information and items addressing the research questions, measured on a five-point Likert scale with a decision benchmark of 3.50. Validity was ensured through expert review by specialists in TVET and measurement and evaluation, while reliability was established via a pilot study using Cronbach’s Alpha, yielding a coefficient of 0.83. The questionnaires were administered with the assistance of trained research assistants, and data were analysed using SPSS. Descriptive statistics (mean and standard deviation) were used to answer research questions, while ANOVA tested the hypotheses at a 0.05 level of significance. Ethical standards were upheld through voluntary participation, informed consent, confidentiality, anonymity, and secure handling of data.
Results
Research Question 1: To what extent are digital technologies integrated into TVET teacher education programmes?
Table 1: Extent of Integration of Digital Technologies in TVET Teacher Education Programmes
	S/N
	Item Statements
	TVET Pre-Service Teachers (x̄)
	SD
	TVET Educators (x̄)
	SD
	TVET Administrators (x̄)
	SD
	Remarks

	1
	Digital devices such as computers, projectors, and tablets are regularly used in TVET teacher education classrooms.
	4.02
	0.51
	4.18
	0.49
	4.05
	0.47
	Agreed

	2
	Learning Management Systems (LMS) are effectively utilized to support teaching and learning activities.
	3.75
	0.48
	3.90
	0.52
	3.62
	0.56
	Agreed

	3
	Virtual simulations and digital tools are used to demonstrate technical or vocational procedures.
	3.76
	0.52
	3.98
	0.47
	3.73
	0.53
	Agreed

	4
	Online instructional resources such as videos, tutorials, and digital manuals are integrated into course delivery.
	3.78
	0.59
	3.86
	0.55
	3.74
	0.60
	Agreed

	5
	TVET teacher education programmes incorporate digital platforms for assignment submission and feedback.
	3.85
	0.47
	3.80
	0.50
	3.79
	0.52
	Agreed

	6
	Teachers and students are encouraged to use digital technologies for collaborative learning activities.
	3.99
	0.51
	4.01
	0.46
	4.00
	0.49
	Agreed

	7
	Digital technologies are used to enhance practical demonstrations and workshop-based learning.
	3.83
	0.55
	3.99
	0.51
	3.81
	0.54
	Agreed

	8
	Institutions provide adequate infrastructure and support for the integration of digital technologies in TVET teacher education.
	3.65
	0.47
	3.74
	0.51
	3.63
	0.56
	Agreed

	
	Grand Mean
	3.83
	0.51
	3.93
	0.50
	3.80
	0.53
	Agreed


The results in Table 1 indicate a great extent of digital technology integration in TVET teacher education programmes, with grand mean scores above the 3.50 benchmark across all groups. TVET educators recorded the highest mean (x̄ = 3.93), reflecting strong engagement with digital tools in instructional delivery. Pre-service teachers (x̄ = 3.83) and administrators (x̄ = 3.80) also agreed, showing only slight differences in perception. The use of digital devices (Item 1) ranked highest, indicating widespread availability and routine use. Collaborative learning (Item 6) and support for practical learning (Item 7) were also highly rated. However, institutional infrastructure and support (Item 8) received comparatively lower ratings, suggesting existing challenges. This implies that while integration is evident, support systems may not be fully adequate. The low standard deviation values indicate strong agreement among respondents.
Table 2: One-Way Analysis of Variance (ANOVA) of Respondents’ Mean Ratings on the Extent of Integration of Digital Technologies in TVET Teacher Education Programmes (α = 0.05)
	Source of Variation
	Sum of Squares (SS)
	df
	Mean Square (MS)
	F-cal
	F-crit
	Decision

	Between Groups
	0.37
	2
	0.19
	0.76
	3.04
	Not Significant

	Within Groups
	52.05
	207
	0.25
	
	
	

	Total
	52.42
	209
	
	
	
	


The results in Table 2 show that there is no statistically significant difference in the mean ratings of TVET pre-service teachers, educators, and administrators regarding the extent of digital technology integration, as the calculated F-value (0.76) is less than the critical F-value (3.04) at the 0.05 level of significance. This indicates that all three groups share similar perceptions of the level of integration in TVET teacher education programmes. The finding demonstrates a strong consensus among respondents. In addition, the smaller between-group sum of squares compared to the within-group sum of squares suggests that variations in responses are mainly due to individual differences. This further confirms the homogeneity of opinions across the respondent groups.
Research Question 2: What influence does digital technology integration have on instructional pedagogy and students’ learning outcomes in TVET?
Table 3: Influence of Digital Technology Integration on Instructional Pedagogy and Students’ Learning Outcomes in TVET
	S/N
	Item Statements
	TVET Pre-Service Teachers (x̄)
	SD
	TVET Educators (x̄)
	SD
	TVET Administrators (x̄)
	SD
	Remarks

	1
	Digital technologies promote interactive and learner-centred teaching methods in TVET classrooms.
	4.06
	0.58
	4.10
	0.51
	4.02
	0.56
	Agreed

	2
	The use of digital tools improves students’ understanding of technical and vocational concepts.
	3.81
	0.64
	4.05
	0.69
	4.00
	0.62
	Agreed

	3
	Technology-supported instruction enhances students’ practical skill acquisition.
	4.05
	0.51
	4.02
	0.55
	3.98
	0.60
	Agreed

	4
	Digital platforms enable lecturers to provide timely feedback and assessment of students’ performance.
	3.89
	0.66
	3.97
	0.64
	3.83
	0.59
	Agreed

	5
	The integration of digital technologies increases students’ motivation and engagement in vocational learning.
	4.05
	0.55
	4.11
	0.50
	4.07
	0.61
	Agreed

	6
	Digital learning resources support collaborative learning among TVET students.
	3.84
	0.63
	3.93
	0.57
	3.75
	0.53
	Agreed

	7
	The use of digital simulations helps students visualize complex technical processes more effectively.
	3.92
	0.57
	3.97
	0.63
	3.99
	0.59
	Agreed

	8
	Digital instructional tools improve lecturers’ ability to deliver practical and theoretical content effectively.
	3.87
	0.62
	3.93
	0.64
	3.89
	0.61
	Agreed

	9
	Exposure to digital technologies enhances students’ readiness for technology-driven workplaces.
	3.78
	0.66
	3.74
	0.60
	3.81
	0.59
	Agreed

	
	Grand Mean
	3.92
	0.60
	3.98
	0.59
	3.93
	0.59
	Agreed


The findings in Table 3 indicate a high level of agreement among respondents on the effectiveness of digital technologies in enhancing teaching and learning outcomes in TVET teacher education. The grand mean scores of 3.92 (pre-service teachers), 3.98 (educators), and 3.93 (administrators) show a strong consensus, all exceeding the 3.50 benchmark. TVET educators recorded the highest mean, suggesting greater confidence in the instructional value of digital tools, while other groups showed similar alignment. At the item level, digital technologies were most strongly associated with increased student motivation and engagement (mean scores above 4.00). They were also perceived to promote learner-centred teaching and enhance practical skill acquisition. However, lower ratings were observed for workplace readiness and collaborative learning. This suggests these areas are not yet fully optimised despite overall positive perceptions. The standard deviation values (0.59–0.60) indicate moderate variability but acceptable agreement.
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Table 4: One-Way Analysis of Variance (ANOVA) of Respondents’ Mean Ratings on the Influence of Digital Technology Integration on Instructional Pedagogy and Students’ Learning Outcomes in TVET (α = 0.05, N = 210)
	Source of Variation
	Sum of Squares (SS)
	df
	Mean Square (MS)
	F-cal
	F-crit
	Decision

	Between Groups
	0.10
	2
	0.05
	0.14
	3.04
	Not Significant

	Within Groups
	73.15
	207
	0.35
	
	
	

	Total
	73.25
	209
	
	
	
	


The results of the one-way ANOVA in Table 4 show no statistically significant difference among the mean ratings of pre-service teachers, educators, and administrators, as the calculated F-value (0.14) is lower than the critical value (3.04) at the 0.05 level of significance. This indicates a high level of consensus among respondents regarding the influence of digital technology integration on pedagogy and learning outcomes. Despite their different roles, all groups share similar positive perceptions. This finding is consistent with Table 3, where all items exceeded the acceptance benchmark. The small between-group sum of squares compared to the large within-group sum of squares suggests that variations are due to individual differences rather than group membership. This further confirms the uniformity of opinions across stakeholders.
Discussion of Findings
The findings of this study reveal that digital technologies are integrated to a considerable extent in TVET teacher education programmes, as reflected in high mean scores across all respondent groups. Digital tools such as computers, learning management systems, simulations, and online resources are widely used in instructional processes, supporting both theoretical and practical learning, in line with Kalyani (2024) and Omutange et al. (2025). Strong agreement among pre-service teachers, educators, and administrators shows consistent experience across groups, although lower ratings for institutional infrastructure indicate challenges related to facilities, technical support, and funding (Niwamanya et al., 2025; Korir & Ngetich, 2026). 
The study further shows that digital technology integration has a strong positive influence on pedagogy and learning outcomes, promoting learner-centred teaching, improved understanding, skill acquisition, and increased motivation and engagement, consistent with Rotar (2025) and Timotheou et al. (2023). However, lower ratings for collaborative learning and workplace readiness suggest that the full potential of digital technologies is not yet fully realised (Stevens, 2025). 
Furthermore, the ANOVA results for both research questions indicated no statistically significant differences among pre-service teachers, educators, and administrators. This demonstrates a high level of consensus among respondents, suggesting that stakeholders share similar perceptions regarding both the extent of digital integration and its impact on teaching and learning outcomes. The homogeneity of responses strengthens the reliability of the findings and implies that digital integration efforts are uniformly experienced across the TVET system.
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Conclusion
The study concludes that digital technologies are substantially integrated into TVET teacher education programmes and play a significant role in enhancing instructional pedagogy and students’ learning outcomes. They promote interactive, learner-centred teaching and improve students’ engagement, understanding, and skill acquisition. Despite these benefits, challenges such as inadequate infrastructure, limited institutional support, and insufficient use of digital tools for collaboration and workplace readiness remain. The lack of significant differences among pre-service teachers, educators, and administrators indicates a shared understanding of both the strengths and limitations of digital integration. Overall, the study highlights the need to strengthen digital integration efforts. This is essential to better prepare TVET graduates for modern, technology-driven workplaces.
Recommendations
Based on the findings of the study, the following recommendations are made:
1. Governments and institutional authorities should invest in adequate digital infrastructure, including reliable internet access, modern equipment, and technical support systems, to facilitate effective technology integration. 
2. Continuous professional development programmes should be organised to improve TVET teachers’ digital competence and pedagogical skills for effective technology integration. 
3. TVET curricula should be regularly updated to incorporate emerging digital technologies and align with current industry practices. 
4. Strong partnerships between TVET institutions and industries should be encouraged to ensure that students acquire relevant digital skills required in the workplace. 
5. Educators should be encouraged to utilise digital tools that promote collaboration, problem-solving, and real-world application of knowledge. 
6. Educational policymakers should develop and implement clear policies that support the integration of digital technologies in TVET teacher education. 
Implications of the Study
The findings of this study have several important implications:
1. The study highlights the need for educators to move beyond basic use of digital tools and adopt innovative pedagogical approaches that maximise the benefits of technology in teaching and learning. 
2. Policymakers must prioritise digital transformation in TVET by providing adequate funding, infrastructure, and strategic frameworks for technology integration. 
3. Institutions responsible for training TVET teachers must emphasise the development of digital pedagogical competence to ensure effective classroom implementation. 
4. Since digital technologies enhance students’ readiness for modern workplaces, strengthening their integration in TVET can contribute to producing a more competent and competitive workforce. 
5. Further studies should explore specific factors influencing effective technology integration, such as teacher attitudes, institutional policies, and access to digital resources, as well as conduct experimental studies to establish causal relationships. 
References 
Abdullah, A. A. M. B., & Masek, A. (2024). Technical and non-technical skills required by TVET teachers in digital learning based on TPACK framework: A systematic literature review. Journal of TVET and Technology Review, 2(2), 32–46. https://doi.org/10.30880/jttr.2024.02.02.004
Abildinova, G., Abdykerimova, E., Assainova, A., Mukhtarkyzy, K., & Abykenova, D. (2024). Preparing educators for the digital age: Teacher perceptions of active teaching methods and digital integration. Frontiers in Education, 9. https://doi.org/10.3389/feduc.2024.1473766
Alenezi, M., Wardat, S., & Akour, M. (2023). The need of integrating digital education in higher education: Challenges and opportunities. Sustainability, 15(6), 4782. https://doi.org/10.3390/su15064782
Bakar, S. Z. A., Mohamed, N. R., Maskur, H., & Chamidy, H. N. (2025). The transformation of TVET education through modernized facilities: Challenges and opportunities. Pena: Modern Practices in Teaching and Learning, 1(1), 44–53. https://doi.org/10.37934/pmptl.1.1.4453
Dancsa, D., Štempeľová, I., Takáč, O., & Annuš, N. (2023). Digital tools in education. International Journal of Advanced Natural Sciences and Engineering Researches, 7(4), 289–294. DOI: 10.59287/ijanser.717
Dumitru, D., & Halpern, D. F. (2023). Critical thinking: Creating job-proof skills for the future of work. Journal of Intelligence, 11(10), 194. https://doi.org/10.3390/jintelligence11100194
Duterte, J. P. (2024). Technology-enhanced learning environments: Improving engagement and learning. International Journal of Research and Innovation in Social Science, 8(10), 1305–1311. https://doi.org/10.47772/IJRISS.2024.8100111
Hani, M. H. M., Ismail, A., Samad, S. F. A., Yusof, M. A. M., & Hafidzi, A. (2025). Enhancing HATTA framework of a digital competence model for TVET educator satisfaction. Journal of Technical Education and Training, 17(1), 45–61. https://doi.org/10.30880/jtet.2025.17.01.004
Hossain, K. A. (2023). Evaluation of technological breakthrough in global education and future employment opportunity. Journal of Liberal Arts and Humanities, 4(8), 1–62. https://doi.org/10.48150/jlah.v4no8.2023.a1
Huang, F. (2025). Exploring a new model of undergraduate vocational education. Vocation, Technology & Education, 2(1). https://doi.org/10.54844/vte.2025.0869
Ibrahim, Z., Mufid, B., & Agam, A. A. (2025). Impact of technology-enhanced learning on student engagement and academic performance. Journal of Education and Social Science, 2(1), 7–12. https://doi.org/10.70716/jess.v2i1.180
Ineme, M. E., Imbur, M. T., & Innocent, I. S. (2025). From skill to skills: A framework for adaptive workforce development. Global Journal of Modern Research and Emerging Trends, 1(6), 55–62. https://doi.org/10.5281/zenodo.17448557
Ivaldi, S., Scaratti, G., & Fregnan, E. (2022). Organizational learning within the fourth industrial revolution. Journal of Workplace Learning, 34(1), 1–26. DOI 10.1108/JWL-07-2020-0127
Jokić, S. V., Pardanjac, M., Tasić, N., Vignjević, K., & Dobardžić, D. (2024). Alignment of learning outcomes with key competencies. Sustainability, 16(22), 10150. https://doi.org/10.3390/su162210150
Kakogianni, E., Petrou, A., Kasapidis, V., Konstantinidi, N. P., Kostalias, K., & Tarali, M. (2025). Integrating digital tools in education. European Journal of Education and Pedagogy, 6(6), 121–132. https://doi.org/10.24018/ejedu.2025.6.6.31022
Kalyani, L. K. (2024). The role of technology in education. International Journal of Scientific Research in Modern Science and Technology, 3(4), 5–10. https://doi.org/10.59828/ijsrmst.v3i4.199
Kerimbayev, N., Umirzakova, Z., Shadiev, R., & Jotsov, V. (2023). Student-centered approach using modern technologies in distance learning. Smart Learning Environments, 10(1), 61. https://doi.org/10.1186/s40561-023-00280-8
Korir, S., & Ngetich, P. (2026). Digital literacy integration in TVET curricula for workforce preparedness in Kenya. Africa Journal of Technical and Vocational Education and Training, 11(1), 2–10. https://doi.org/10.69641/afritvet.2026.111198
Leesakul, N., Oostveen, A. M., Eimontaite, I., Wilson, M. L., & Hyde, R. (2022). Workplace 4.0 and sustainable workforce. Sustainability, 14(6), 3311. https://doi.org/10.3390/su14063311
Martínez-Bravo, M. C., Sádaba-Chalezquer, C., & Serrano-Puche, J. (2022). Digital literacy in the 21st century. Sustainability, 14(3), 1867. https://doi.org/10.3390/su14031867
Mehdaoui, A. (2024). Barriers to AI integration in education. Futurity Education, 4(4), 95–108. https://doi.org/10.57125/FED.2024.12.25.06
Mendoza, W., Ramírez, G. M., González, C., & Moreira, F. (2022). Curriculum design by learning outcomes. Education Sciences, 12(8), 541. https://doi.org/10.3390/educsci12080541
Mesuwini, J., & Mokoena, S. P. (2023). TVET lecturer work-integrated learning. International Journal of Learning, Teaching and Educational Research, 22(8), 415–440. https://doi.org/10.26803/ijlter.22.8.22
Muir, T., Wang, I., Trimble, A., Mainsbridge, C., & Douglas, T. (2022). Interactive pedagogical approaches. Education Sciences, 12(6), 415. https://doi.org/10.3390/educsci12060415
Negahban, A. (2024). Simulation in engineering education. Simulation, 100(7), 695–708. https://doi.org/10.1177/00375497241229757
Niwamanya, G., Zhong, Z., Matola, C. A., Eliachu, D., Ravindra, S., & Fahn, J. B. (2025). Bridging the digital divide through TVET partnerships. Vocation, Technology & Education, 2(2). https://doi.org/10.54844/vte.2025.0977
Nwafor, P. I., Ejoh, A. O., Chukwurah, M. U., & Okeke, S. U. (2023). Teachers’ competence in digital tools. Global Journal of Educational Research, 22(2), 165–175. https://doi.org/10.4314/gjedr.v22i2.7
Onyango, N. B. (2026). Bridging the skills gap in Kenya. Africa Journal of Technical and Vocational Education and Training, 11(1), 35–41. https://doi.org/10.69641/afritvet.2026.111200
Omutange, E., Mutai, W. K., & Barasa, V. M. (2025). Digital technology platforms in TVET. American Journal of Education and Information Technology, 9(1), 1–10. https://doi.org/10.11648/j.ajeit.20250901.11
Purina-Bieza, K. E. (2021). Pedagogical digital competence. Human, Technologies and Quality of Education, 24, 333–351. https://doi.org/10.22364/htqe.2021.24
Rotar, O. (2025). Supporting student engagement in technology-enhanced learning. Education Sciences, 15(12), 1617. https://doi.org/10.3390/educsci15121617
Sabri, S. M., Ismail, I., Annuar, N., Rahman, N. R. A., Abd Hamid, N. Z., & Abd Mutalib, H. (2024). Technology integration and student engagement. Integration, 9(55), 750–769. DOI 10.35631/IJEPC.955051
Singh, S. (2025). AI and the future of work: Redefining skills, jobs, and human potential (p. 39). BookRivers.
Stevens, C. (2025). Teachers and teaching: Pedagogy and digital skills. Open Learning, 40(1), 1–3. https://doi.org/10.1080/02680513.2024.243666
Stumbrienė, D., Jevsikova, T., & Kontvainė, V. (2024). Teachers’ motivation for technology integration. Education and Information Technologies, 29(2), 1697–1731. https://doi.org/10.1007/s10639-023-11891-6
Suchita, G. S., Devi, S., Pal, S., & Mahajan, R. (2023). Strategies for integrating technology in teacher education. European Chemical Bulletin, 12(12), 746–755. https://doi.org/10.48047/ecb/2023.12.si12.065
Timotheou, S., et al. (2023). Impacts of digital technologies on education. Education and Information Technologies, 28(6), 6695–6726. https://doi.org/10.1007/s10639-022-11431-8
Yadav, A. R., & Singh, C. K. (2026). Teaching strategies for higher-order thinking. International Journal of Engineering Science & Humanities, 16(1), 100–109. ISSN: 2250-3552
Yusvana, R. (2025). Addressing the skills gap in TVET. International Journal of Research and Innovation in Social Science, 8(IIIS), 6311–6325. https://doi.org/10.47772/IJRISS.2024.803474S
Zimu, Y. (2024). Teacher self-efficacy and student engagement. International Journal of New Developments in Education, 6(2), 115–119. https://doi.org/10.25236/IJNDE.2024.060219
Zou, Y., Kuek, F., Feng, W., & Cheng, X. (2025). Digital learning trends and challenges. Frontiers in Education, 10, 1562391. https://doi.org/10.3389/feduc.2025.1562391

[bookmark: _GoBack]

 


Integrating Digital Technologies in TVET Teacher Education: Implications 


for Pedagogy and Learning Outcomes


 


OKEOWO. Rebecca Oyenike; OKEOWO, Odunayo Sunday; ADEWUYI, Babajide 


Adetunji;


 


OBE, Olubunmi Margret


;


 


DAHUNSI, F. Oladotun; 


ADEGUNLE, Feli


x 


Omotayo


 


&


 


RAYI, Olabode Olumuyiwa 


 


Dept. of Technology Education, Lagos State University of Education, 


 


Oto/Ijanikin, Lagos State


 


okeoworo@lasued. edu.ng (08036165409)


 


/okeowoso@lasued.edu.ng


 


(08134777234)


 


Abstract


 


Thi


s study investigated the integration of digital technologies in Technical and Vocational 


Education and Training (TVET) teacher education and its implications for instructional 


pedagogy and students’ learning outcomes. A descriptive survey research design w


as adopted, 
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service teachers, 38 educators, and 40 


administrators from three tertiary institutions in Lagos State, Nigeria. Data were collected 


using a validated structured questionnaire titled “Integration


 


of Digital Technologies in TVET 


Teacher Education Questionnaire (IDTTVETEQ)” and analysed using mean and standard 


deviation to answer research questions, while Analysis of Variance (ANOVA) was used to test 


hypotheses at a 0.05 level of significance. Findi


ngs revealed that digital technologies are 


substantially integrated into TVET teacher education programmes, with respondents 


indicating widespread use of digital devices, learning management systems, simulations, and 


online instructional resources. The stu


dy further found that digital technology integration has 


a positive influence on instructional pedagogy and students’ learning outcomes, particularly 


in promoting learner


-


centred teaching, improving conceptual understanding, enhancing 


practical skill acqui


sition, and increasing student engagement and motivation. However, 


challenges such as inadequate infrastructure, limited institutional support, and insufficient 


emphasis on collaborative learning and workplace readiness were identified. The ANOVA 


results s


howed no significant differences among pre


-


service teachers, educators, and 


administrators, indicating a shared perception across stakeholder groups. The study concludes 


that while digital technologies are effectively integrated and beneficial to teaching 


and 


learning in TVET, further improvements are required to optimize infrastructure and 


pedagogical application for enhanced workplace readiness.
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Introduction


 


Education systems worldwide are undergoing profound transformation due to rapid 


technological advancement and the emergence of knowledge


-


based economies. Digital 


technologies such as artificial intelligence, cloud computing, roboti


cs, big data analytics, and 


automation are reshaping industries and redefining workforce competencies (Ivaldi et al., 2022; 


Hossain, 2023; Ineme et al., 2025; Singh, 2025). These changes, associated with the Fourth 
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