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Abstract

This study aimed to develop and validate a comprehensive model of digital transformation based on a smart education approach for the
Iranian education system. This applied study employed an exploratory sequential mixed-methods design. In the qualitative phase, 16
scientific and executive experts in educational management and planning, computer science, information technology, and educational
administration were purposively selected according to theoretical saturation. Data were collected through semi-structured interviews and
analyzed using thematic analysis in MAXQDA 18. In the quantitative phase, the statistical population consisted of education specialists
in digitalization and smart education in Tehran, of whom 254 participants were selected through multistage cluster random sampling. A
researcher-made questionnaire derived from the qualitative findings was used for data collection. Content and construct validity,
Cronbach’s alpha, and composite reliability were used to assess the measurement instrument. Quantitative data were analyzed using
confirmatory factor analysis and one-sample t-tests in SPSS 27 and SmartPLS 3. The one-sample t-test showed that the external and
internal validity of the proposed model and all their components were statistically significant at p<0.001, with mean scores ranging from
4.10 to 4.65. Confirmatory factor analysis demonstrated that the t-values for all indicators and components exceeded 2.58, confirming all
measurement relationships at the 99% confidence level. The coefficients of determination ranged from 0.345 to 0.766. The communality
index was 0.536, while the predictive relevance values ranged from 0.295 to 0.399, indicating satisfactory predictive power. Furthermore,
the Normed Fit Index was 0.933, confirming an acceptable overall fit of the proposed model. The validated model comprises six
dimensions: digital leadership and governance, empowerment and human capital, technological infrastructure, transformation of teaching-
learning processes, participation and interactive ecosystem, and digital equity and sustainability. The model provides an integrated,
context-sensitive, and empirically validated framework that can support policy development, strategic planning, and implementation of
digital transformation and smart education across the Iranian education system.

Keywords: Digital Transformation, Smart Education, Digital Leadership, Technological Infrastructure, Digital Equity, Iranian
Education System
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Extended Abstract

Introduction

Digital transformation has become one of the central forces reshaping contemporary educational systems, as
rapid advances in artificial intelligence, the Internet of Things, digital learning platforms, data analytics, and
intelligent communication technologies have fundamentally altered expectations regarding teaching, learning,
administration, and educational governance. Digital transformation in education goes beyond the simple
introduction of technological tools and entails a comprehensive reconfiguration of organizational structures,
educational processes, professional roles, decision-making mechanisms, and interactions among stakeholders.
Effective implementation therefore requires a coherent strategy that integrates technological infrastructure with
leadership, human capital, organizational culture, pedagogy, and governance (Joseph et al., 2024). Evidence
from educational institutions indicates that isolated digital initiatives are unlikely to produce sustainable
transformation unless technological innovation is accompanied by institutional restructuring, strategic
planning, and organizational readiness (Fernandez et al., 2023). This concern is particularly important in the
Iranian education system, where structural, cultural, financial, and infrastructural conditions create distinctive
opportunities and barriers to digital transformation (Asadi et al., 2025). Within this broader process, smart
education represents an important operational manifestation of digital transformation. Smart education
employs advanced technologies to develop interactive, flexible, personalized, data-driven, and learner-
centered environments. Research on educational smartization has emphasized that successful implementation
requires not only technological resources but also changes in institutional structures and educational practices
(Badali & Masoudi, 2024). Artificial intelligence can facilitate adaptive learning, rapid feedback, student
performance analysis, intelligent content delivery, and personalized educational pathways (Sunitha et al.,
2023), while the acceptance and effective use of Al-based tools depend on perceived usefulness, ease of use,
trust, and users' readiness to engage with new technologies (Almogren et al., 2024). Similarly, the Internet of
Things can support interconnected educational environments, real-time data collection, resource management,
and more responsive learning systems, although issues such as infrastructure, privacy, security,
interoperability, and accessibility must be addressed (Badshah et al., 2023; Terzieva et al., 2022). The
potential of connected technologies to support flexible and personalized smart education has also been
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emphasized, alongside concerns regarding cost, scalability, network quality, and the digital divide (Saraswat
et al., 2024). Technological availability alone, however, does not ensure meaningful educational
transformation. The digital capacity of schools depends on teachers' and administrators’ competencies,
organizational readiness, technical support, and a culture conducive to innovation (Naghavi, 2023).
Smartization can facilitate learning and provide students with more diverse and interactive educational
experiences (Malekpour et al., 2023), improve learning and academic performance when technologies are
appropriately integrated into instructional practices (Esmaeili, 2023), and influence students' learning styles
by providing multimodal and adaptive learning opportunities (Bozorgmehr et al., 2024). Furthermore, digital
transformation is fundamentally an organizational change process; therefore, digital leadership, a shared
vision, change management, stakeholder engagement, and the capacity to reduce resistance are critical to
sustainable implementation (Heydari & Erfanizadeh, 2024; McCarthy et al., 2023). At the same time,
unequal technological access, inadequate infrastructure, limited resources, insufficient digital competencies,
and weak institutional coordination remain major challenges to digital transformation (Sahni et al., 2025).
The literature therefore indicates a need to move beyond technology-centered models toward integrated
frameworks incorporating governance, human resources, technological infrastructure, instructional
transformation, stakeholder participation, digital equity, and sustainability. Accordingly, the present study
aimed to develop and validate a digital transformation model based on a smart education approach for the
Iranian education system.

Methods and Materials

The study was applied in purpose and employed an exploratory sequential mixed-methods design consisting
of qualitative and quantitative phases. In the qualitative phase, the participants comprised scientific experts,
including university faculty members in educational management and planning, computer science, and
information technology, as well as executive experts consisting of managers in the Tehran education system.
Sixteen experts were selected through purposive non-random sampling based on theoretical saturation. Data
were collected through semi-structured interviews designed to elicit expert perspectives regarding the
dimensions, components, and indicators required for digital transformation and smart education. The
qualitative data were analyzed using thematic analysis with MAXQDA 18. Initial concepts were extracted
from interview statements and, together with indicators identified through a review of the relevant literature,
were organized into basic, organizing, and overarching themes. Qualitative validity and reliability were
examined through alignment with previous studies, researcher agreement, and participant agreement. Intra-
researcher coding agreement across the 16 interviews was 76.76%, while inter-researcher agreement was
76.7%, indicating acceptable coding reliability. In the quantitative phase, the statistical population consisted
of education specialists working in digitalization and smart education in Tehran. Initially, 260 questionnaires
were distributed, of which six incomplete questionnaires were excluded; consequently, data from 254
respondents were analyzed. Participants were selected through multistage cluster random sampling. A
researcher-made questionnaire derived from the qualitative findings was employed to evaluate the proposed
model. The instrument used a five-point Likert scale and measured the dimensions and components identified
in the qualitative phase. Content and construct validity were examined, and reliability was assessed using
Cronbach's alpha and composite reliability. Convergent and discriminant validity were also evaluated using
average variance extracted and shared variance indicators. Quantitative data analysis included descriptive
statistics, confirmatory factor analysis, and one-sample t-tests using SPSS 27 and SmartPLS 3.

Findings

The qualitative analysis resulted in a comprehensive model comprising six overarching dimensions. The first
dimension, digital leadership and governance, consisted of digital policy and vision, change management and
organizational structure, and data governance. Its indicators included developing a strategic smartization



Nk drwgi g Cw§ (Sigel

document, establishing management frameworks, defining implementation strategies, clarifying
transformation objectives, aligning technology policies with national objectives, creating responsible digital
transformation units, establishing monitoring and performance evaluation systems, protecting student data,
integrating information systems, and safeguarding privacy. The second dimension, empowerment and human
capital, included professional competency development for teachers, digital leadership of administrators, and
motivation and culture-building. Indicators included digital literacy, specialized workshops, teacher training,
continuous professional development, smart-school management skills, an innovative organizational climate,
support for technology adoption, incentive systems, professional learning networks, and reduction of resistance
to change. The third dimension, technological infrastructure, comprised equipment and hardware, networks
and connectivity, and educational software and platforms. The fourth dimension, transformation of teaching-
learning processes, comprised personalized learning, smart assessment, and digital content and included
learning management systems, flexible learning pathways, Al tools, formative online assessment, continuous
evaluation, immediate feedback, digital performance documentation, interactive content, interactive teaching
methods, and access to diverse educational resources. The fifth dimension, participation and interactive
ecosystem, included family participation and relationships with community and industry. The sixth dimension,
digital equity and sustainability, comprised equitable access and financial and economic sustainability,
including support for disadvantaged regions and students, equitable resource allocation, sustainable financing
mechanisms, and cost-benefit analysis of technologies. The measurement properties of the model were
satisfactory. Cronbach's alpha values for the six dimensions ranged from 0.788 to 0.910, composite reliability
ranged from 0.721 to 0.794, and AVE values ranged from 0.514 to 0.598. MSV and ASV values were lower
than the corresponding AVE values, supporting discriminant validity. In expert validation, the means for
internal and external validity and their components ranged from 4.10 to 4.65, and all one-sample t-tests were
statistically significant at p<0.001. Confirmatory factor analysis further indicated that the t-values for all
indicators and components exceeded 2.58, confirming them at the 99% confidence level, and no indicator or
component required deletion. The coefficients of determination for the model dimensions were 0.345, 0.359,
0.501, 0.460, 0.679, and 0.766. The communality index was 0.536. Predictive relevance values ranged
approximately from 0.295 to 0.399, demonstrating satisfactory predictive capability. Finally, the Normed Fit
Index was 0.933, indicating an acceptable overall fit of the proposed model.

Discussion and Conclusion

The findings demonstrate that digital transformation within the Iranian education system is not a technology
procurement project but a multidimensional systemic transformation. The six validated dimensions indicate
that successful smart education emerges from the interaction of governance, competent human resources,
reliable technological infrastructure, transformed teaching-learning processes, stakeholder participation,
digital equity, and sustainable financial support. Digital leadership and governance provide strategic direction
and establish the institutional structures through which transformation can be coordinated, monitored, and
regulated. This dimension is particularly important because fragmented technological initiatives without clear
accountability, data governance, or performance monitoring are unlikely to become institutionalized. Human
capital constitutes a second essential foundation because teachers and educational managers ultimately
determine whether technological capacity becomes meaningful educational practice. Continuous professional
development, digital leadership competencies, organizational support, and innovation-oriented cultures are
therefore central to transforming technology from a supplementary tool into an integrated component of
schooling. Technological infrastructure represents the material foundation of smart education; nevertheless,
the results indicate that access to equipment alone is insufficient. Connectivity, maintenance, technical support,
platform quality, usability, and interoperability must be considered as an integrated infrastructure system. The
teaching-learning dimension represents the educational core of the model. Personalized learning, intelligent
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assessment, interactive digital content, Al-supported learning, and continuous feedback demonstrate that
genuine digital transformation requires a shift from standardized and transmission-oriented instruction toward
flexible, interactive, learner-centered, and data-informed learning. The participation and interactive ecosystem
dimension further indicates that smart schools should not function as isolated institutions. Families, local
communities, experts, and technology companies can contribute knowledge, support, resources, and
innovation, thereby strengthening the sustainability and social legitimacy of digital transformation. Finally,
the inclusion of digital equity and sustainability is particularly significant because technological modernization
may reproduce or deepen existing educational inequalities if disadvantaged schools and students do not receive
adequate infrastructure and support. Sustainable financing and systematic cost-benefit evaluation are similarly
essential for preventing smartization initiatives from becoming temporary or discontinuous projects. The
acceptable measurement properties, significant factor coefficients, satisfactory predictive indices, and NFI of
0.933 collectively provide empirical support for the validity of the model. Overall, the proposed framework
presents digital transformation as an integrated, context-sensitive, equity-oriented, and sustainable process
rather than a purely technological intervention. It can therefore provide a structured basis for national and
regional policymakers, educational managers, and school leaders seeking to plan, implement, monitor, and
evaluate smart education initiatives in the Iranian education system.
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