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With the rapid expansion of emerging technologies-especially artificial intelligence
(Al)-technical and vocational education and training (TVET) systems are confronting
profound opportunities and challenges. As the labor market increasingly requires
advanced, technology-based skills, examining the role and capacities of Al in enhancing
the quality, efficiency, and personalization of skills training has become imperative.
Despite scattered studies in this field, a gap remains in deep understanding of the key
themes and the conceptual relationships between Al’s technical components and the
contextual requirements of Iran’s TVET. Accordingly, the present study aims to identify
and analyze the underlying dimensions and latent themes related to Al applications in
technical and vocational education.

This research employed a qualitative approach using thematic analysis. Data were
collected through semi-structured interviews with 14 experts in Al, skills training, and
educational technology. The data were coded and analyzed with MAXQDA, and
EndNote was used to organize the scholarly sources. In total, the analysis yielded 47
initial codes, 8 central themes, and a single selective (overarching) theme.

The findings indicate that Al-through pillars such as personalized learning, educational
data analytics, intelligent interactions, and emerging technologies, and with due
consideration of cultural, ethical, and infrastructural challenges-can play a significant
role in transforming technical and vocational education. Ultimately, by proposing a
nested conceptual model, the study explicates the relationships between macro- and
micro-level themes and offers an actionable framework for designing Al-enabled
instructional programs.
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Introduction

In recent decades, technical and vocational education and training (TVET) has emerged as a fundamental
pillar of human capital development and a key driver for achieving sustainable development, attracting the
attention of policymakers and educational institutions worldwide (UNESCO, 2023). Such training not only
enhances the technical and occupational skills of the workforce but also plays a critical role in reducing
unemployment, increasing productivity, and strengthening industrial innovation. With rapid technological
changes, particularly in the era of the Fourth Industrial Revolution, the nature of jobs and labor market
demands has shifted dramatically, rendering traditional skills insufficient to meet the requirements of
modern digital, automated, and data-driven industries (European Commission, 2021). Consequently,
revising TVET approaches and integrating advanced educational technologies has become imperative.

Results

The analysis of the qualitative data in this study indicates that the application of artificial intelligence (Al)
in technical and vocational education and training (TVET) is not merely a technological tool but represents
a paradigmatic shift in educational approaches. The core theme of this research, namely the “Application
of Al in TVET,” emerged from eight central themes that systematically cover various educational,
technological, cultural, organizational, and ethical dimensions of this transformation.

At the first layer, themes such as personalized learning and automated instructional planning illustrate
that Al, through data mining and adaptive algorithms, can redesign learning experiences to be learner-
centered and flexible. These findings align with theories of adaptive learning and intelligent instructional
design. In the second layer, themes such as data-driven education and technology-based skill development
indicate AI’s entry into predictive assessment and simulation of skill performance. The results suggest that
learner data can be utilized not only for evaluation but also to prescribe learning pathways and select
appropriate skill-development tools. These themes encompass simulator-based education models and
virtual reality learning as well.

The third layer highlights that cultural and organizational challenges, as well as technological
implementation limitations, remain major barriers to the effective use of Al in vocational training in Iran.
In particular, the lack of digital infrastructure, structural resistance, and insufficient training of instructors
were repeatedly cited by participants, consistent with the findings of Rezaei et al. (2020). In the fourth and
final layer, the themes of learner participation and improvement of education, along with ethical and legal
considerations, reveal that the use of Al without attention to active learner engagement, algorithmic
transparency, privacy protection, and system accountability may result in educational and social harm.

Analytically, the relationships among these themes are multi-layered and interactive; advances in
technical themes (such as data analysis) cannot lead to sustainable transformation if cultural and ethical
dimensions are neglected. This structure underscores the necessity of designing an integrated, nested
model. Therefore, the analysis highlights both the multifaceted, innovative potential of Al and the reality
that without supportive policies, digital skill development, and an interdisciplinary approach, realizing
these potentials will face significant obstacles.

Conclusions

This study aimed to explore the application of Al in TVET, revealing deeper dimensions of this
phenomenon within Iran’s skill-based education system. The thematic analysis of data at open, axial, and
selective levels indicated that the presence of Al in this educational system represents not merely a
technological change but a paradigmatic transformation in the roles of learners, instructors, and the
teaching-learning structure.

Compared to previous literature, the findings of this study differ in several respects. First, unlike
general approaches that view Al as a tool for improving educational efficiency, the present results
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demonstrate that Al itself acts as a transformative agent in the knowledge architecture of technical
education. Second, the study shows that successful implementation of this technology depends more on
cultural and institutional readiness than on technical advancement. Instructor resistance to technology, lack
of data literacy, and deficiencies in professional ethics related to Al usage are among the key challenges
limiting the effective execution of intelligent education policies.

Based on the extracted themes, three key areas can be identified for implementing Al in vocational
education:

Technological Innovation: Development of intelligent learning environments, virtual reality, and
educational robots for simulating real technical scenarios.

Educational Transformation: Adaptive learning, data-driven skill progression analysis, and
personalized learning paths based on machine learning algorithms.

Cultural and Ethical Challenges: Redefining instructor and learner roles, data privacy protection, and
regulating human interactions in the Al era.

Integrating these three areas into a nested model of Al-driven technical education transformation
(Fig. 1) demonstrates that the future of skill-based education requires synergy between technology,
humans, and policymaking. In other words, Al can enhance educational quality only when accompanied
by the development of human competencies and the institutionalization of digital ethics.

Theoretically, this study makes a dual contribution: on one hand, by redefining the relationship
between technology and education within the Zawacki-Richter model framework, it provides a new
conceptual basis for studying TVET in the Al era; on the other hand, by offering a localized transformation
model, it can serve as a foundation for national TVET policymaking.

Practically, the findings recommend that educational decision-makers and planners focus not merely
on the procurement or deployment of technology, but on empowering instructors, redesigning data-driven
educational content, and strengthening the ethical and cultural infrastructure for Al usage. In other words,
the future of vocational education depends on the integration of “artificial intelligence” and “human
intelligence”—a combination that, if properly guided, can provide a platform for equitable, dynamic, and
industry-relevant learning.
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