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Abstract

Purpose: This study aimed to design and validate a conceptual model for implementing sustainable
schools aligned with the requirements of the Fourth Industrial Revolution in Iran’s primary
education system.

Methodology: A sequential qualitative design was employed, combining grounded theory with
the systematic approach of Corbin and Strauss and a Delphi validation process. Data were collected
through semi-structured interviews with 21 academic and organizational experts and analyzed using
open, axial, and selective coding. In the validation phase, 16 senior educational managers and expert
teachers participated in three Delphi rounds. Content validity was confirmed through expert
review, and reliability was verified using test—retest procedures.

Findings: The analysis resulted in a paradigmatic model comprising 11 main categories, 27
subcategories, and 119 indicators organized into six dimensions: causal conditions, contextual
conditions, intervening conditions, core phenomenon, strategies, and consequences. Kendall’s
coefficient of concordance in the final Delphi round exceeded 0.85, indicating strong expert
consensus. Cyber—physical infrastructure, continuous professional development, and improvement
of teaching—learning quality emerged as the highest-priority components.

Conclusion: The proposed model provides an integrated framework for guiding digital
transformation and sustainable development in primary schools and offers a practical roadmap for
aligning Iran’s primary education system with the principles and opportunities of the Fourth
Industrial Revolution.
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Detailed Abstract
Introduction

The Fourth Industrial Revolution (4IR) has emerged as a defining paradigm of contemporary transformation, characterized by the
convergence of digital, physical, and biological technologies and by the rapid diffusion of artificial intelligence, cyber—physical systems,
big data, and the Internet of Things across social institutions. Unlike previous industrial revolutions, 4IR is distinguished by exponential
change, high uncertainty, and systemic complexity, fundamentally altering how organizations operate, how individuals learn, and how
societies reproduce knowledge and skills (George, 2024; Slusarczyk, 2018). Education systems, as core mechanisms of human capital
formation and social sustainability, are therefore positioned not merely as passive recipients of these changes but as active drivers shaping

the capacity of societies to adapt to and govern technological transformation (Fomunyam, 2019; Shaturaev, 2023).

A growing body of literature emphasizes that educational institutions must move beyond incremental digitalization toward structural and
cultural transformation aligned with the logic of 4IR (Dalenogare et al., 2018; Molino et al., 2020). In this context, sustainability has
become a central organizing principle of educational reform. Sustainable education is no longer limited to environmental awareness or
resource efficiency; rather, it encompasses social equity, institutional resilience, long-term learning effectiveness, and the development
of future-oriented competencies (Moschopoulou & Karakatsani, 2020; Sart, 2022). Schools are increasingly expected to function as

learning ecosystems that integrate technological innovation, ethical responsibility, community engagement, and adaptive governance.

The concept of the “sustainable school” reflects this holistic orientation. A sustainable school is understood as an institution that embeds
sustainability principles not only in curriculum content but also in leadership practices, organizational culture, infrastructure, and
stakeholder relationships. Under the conditions of the Fourth Industrial Revolution, this concept acquires new dimensions, as advanced
technologies create both unprecedented opportunities for enhancing learning quality and significant risks related to inequality, resistance

to change, and misalignment with educational values (Ramadhani et al., 2024; Vyshnevskyi et al., 2019).

While international research has extensively examined the implications of 4IR for higher education, smart universities, and workforce
development (Al-Shogran & Shorman, 2021; Gupta, 2022; Matthews et al., 2021), comparatively limited attention has been paid
to primary education as the foundational stage of competency formation. Yet, theoretical and empirical studies suggest that many of the
cognitive, social, and digital skills required in the 4IR era must be cultivated from early schooling to ensure long-term educational

sustainability (Munir et al., 2022; Shaturaev, 2023).

In the Iranian context, this challenge is intensified by structural constraints, resource limitations, and the need for culturally and
institutionally grounded reform strategies. Research indicates that technology-driven educational reforms in Iran often face barriers
related to governance, human resource readiness, organizational culture, and policy coherence (Firouzbakht & Rezaeean, 2022; Ziaei
Nafchi, 2019). At the same time, national and international studies underscore the strategic importance of aligning educational

transformation with broader development goals, including sustainability, social participation, and innovation capacity (Goudarzi et al.,

2025; Tarin et al., 2023).

Taken together, the literature reveals a critical gap: the absence of an integrated, context-sensitive model that systematically explains how
sustainable primary schools can be designed and institutionalized under the conditions of the Fourth Industrial Revolution. Addressing
this gap requires an exploratory approach capable of capturing the complex interactions among technological, human, organizational, and

policy-related factors (George, 2024; Shakiri, 2023).
Methods and Materials

This study adopted a sequential qualitative research design. In the first phase, a grounded theory approach based on the systematic
procedures of open, axial, and selective coding was employed to explore the dimensions and components of a sustainable school model
grounded in the Fourth Industrial Revolution. Data were collected through semi-structured, in-depth interviews with 21 experts,
including university faculty members in education, educational management, and information technology, as well as senior educational
administrators and specialists with extensive professional experience. Sampling was conducted using the snowball technique and

continued until theoretical saturation was achieved.



In the second phase, the preliminary model derived from the alysis was subjected to validation through a Delphi t.

Sixteen experts, consisting of senior educational managers, experien and policy specialists with more than 25

assess the relevance, impor

participated in three iterative Delphi rounds. A structured expert checklis
of the identified components. Descriptive statistical analyses were applied to ex nsus levels across

procedures were used to ensure reliability.

Findings

The qualitative analysis resulted in the identification of 119 indicators organized into 27 subcategories an categories. These
categories were integrated into a paradigmatic model comprising six core dimensions: causal conditions, contextual conditions,

intervening conditions, the central phenomenon, strategic actions, and outcomes.

Causal conditions included transformative educational governance, cyber—physical school infrastructure, digital competencies of teachers
and principals, technology-oriented curriculum and assessment, and a sustainable participation ecosystem. Contextual conditions
encompassed organizational culture, financial and material resources, accessibility of digital infrastructure, readiness for digital
transformation, and macro-level governmental support. Intervening conditions highlighted teacher training in technology, technical
support services, inter-organizational collaboration, legal and regulatory frameworks, and the provision of advanced educational

technologies.

The central phenomenon was conceptualized as the sustainable school based on the Fourth Industrial Revolution, characterized by
innovative educational strategies and sustainable school-level management. Strategic actions involved continuous professional
development, implementation of digital infrastructures, stakeholder engagement, flexible and technology-driven curricula, and

systematic evaluation and optimization of educational processes.

Outcomes included improved quality of teaching and learning, expanded access to learning resources and opportunities, enhanced digital

competencies, increased inter-organizational and social participation, and long-term efficiency and sustainability of educational processes.

The Delphi validation indicated a high level of expert consensus across all dimensions. Kendall’s coefficients of concordance in the final
round exceeded accepted thresholds, confirming the stability and credibility of the proposed model. Among all components, cyber—

physical infrastructure, continuous professional development, and improvement of learning quality received the highest priority ratings.
Discussion and Conclusion

The findings demonstrate that designing a sustainable primary school under the conditions of the Fourth Industrial Revolution is inherently
a systemic endeavor. The results confirm that technological adoption alone is insufficient; rather, sustainability emerges from the dynamic
alignment of governance, human capital, organizational culture, and strategic collaboration. The prominence of cyber—physical
infrastructure and transformative governance highlights the importance of coherent policy frameworks and institutional leadership in

guiding digital transformation.

The emphasis on teachers’ and principals’ digital competencies reinforces the view that the human dimension remains central in
technologically advanced educational environments. Sustainable schools require educators who can integrate technology pedagogically,
cthically, and creatively, rather than merely using digital tools instrumentally. The identification of curriculum flexibility and innovative
assessment as strategic actions further underscores the shift from content transmission toward competency-based, learner-centered

education.

At the contextual level, the role of organizational culture and stakeholder readiness illustrates that sustainability is as much a cultural
process as it is a technical one. Resistance to change, if unaddressed, can undermine even well-designed technological initiatives.

Conversely, participatg osystems and inter-organizational partnerships can amplify the impact of school-based reforms by mobilizing

mprehensive and contextually grounded framework for understanding and guiding the

inability in the era of the Fourth Industrial Revolution. By articulating the

conditions, strateg comes, the model offers both theoretical insight and practical guidance for

eaders, and educational planne align primary education with future societal needs.
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