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Abstract

This study aimed to design and validate a culturally grounded quantum management model for school principals in Hamadan
to enhance schools’ resilience, innovation, and performance quality. This applied research used an exploratory sequential
mixed-methods design. In the qualitative phase, grounded theory was employed through semi-structured interviews with 20
experienced school principals and educational management experts to identify the core dimensions of quantum management.
In the quantitative phase, a 55-item researcher-developed questionnaire based on qualitative findings was validated for
content, face, and construct validity. The target population consisted of all public and private school principals in Hamadan
during the 2023-2024 academic year (N=180), and 150 were selected using stratified random sampling based on the Krejcie
and Morgan table. Data were analyzed using exploratory factor analysis, path coefficients, convergent and discriminant
validity tests, composite reliability, Cronbach’s alpha, Q? and GOF indices. The results revealed that the quantum
management model consisted of five main categories: causal conditions, contextual conditions, intervening conditions,
strategies, and outcomes. All structural paths were statistically significant (p<0.001), with adjusted R2 values of 0.944 for
causal, 0.938 for contextual, 0.599 for intervening, and 0.730 for strategies. Convergent and discriminant validity and
reliability indices were at acceptable levels, and the model’s overall GOF indicated a very strong fit. The validated model
demonstrates strong reliability and structural validity and can serve as a foundation for designing professional development
programs for school principals to enhance schools’ adaptability and innovative capacities in complex and dynamic
environments.
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Extended Abstract

Introduction
In recent decades, the accelerating dynamics, complexity, and uncertainty of educational environments have
challenged the sufficiency of classical and linear management paradigms in guiding schools effectively. Such
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traditional models often assume predictable cause—effect relationships, but contemporary educational systems
are increasingly characterized by nonlinear interactions, emergent behaviors, and volatile contexts. In response
to this, the paradigm of quantum management has gained growing attention as a framework for managing
complex educational organizations through principles inspired by Quantum Theory—including uncertainty,
entanglement, nonlinearity, and self-organization (Fris & Lazaridou, 2006; Hanine & Nita, 2019). In this
perspective, schools are seen as complex ecosystems where the actions of teachers, students, and administrators
are interconnected in dynamic and networked ways, rather than operating as rigid hierarchical mechanisms
(Kocak, 2020).

Quantum management calls for leaders to rely on holistic thinking, creativity, and intuition to navigate
ambiguity and rapid change. It emphasizes human energy alignment, interactive decision-making, and
fostering adaptive networks, which are crucial in educational contexts where change is constant. Studies
demonstrate that leaders practicing quantum management skills enhance their organizations’ adaptability and
innovative capacity (Porter-O'Grady & Malloch, 2009; Shelton & Darling, 2001). From a cognitive science
perspective, even human expertise and problem-solving are argued to be rooted in quantum-like processes
involving multi-level interactions and emergent knowledge patterns (Bickley et al., 2021). Such a lens is
valuable for school environments, where managing uncertainty requires not only administrative competence
but also emotional intelligence, creativity, and system thinking (FarhadiRad, 2017; Mohammadi et al., 2017).
Empirical evidence has further shown that quantum management practices are positively associated with
organizational health, quality of work life, job performance, and organizational commitment, often mediated
by constructs such as psychological empowerment, happiness, and professional ethics (Ahmadian et al., 2022;
Kamyabi, 2024). Similarly, organizational intelligence has been found to mediate the relationship between
quantum leadership and innovative behavior, fostering proactive problem-solving and creativity among
employees (Bilgen & Elci, 2022). In the educational field, quantum management has been linked to enhanced
human resource productivity through the mediating role of job engagement (Mezgi Nezhad et al., 2021) and
to the development of innovative work behaviors among educational staff (Shahabi Nasab et al., 2021). These
findings underscore its potential as a transformative approach for school leadership.

In Iran, several studies have explored quantum management in educational settings, indicating that training
school principals in quantum skills can significantly increase their job satisfaction, organizational attachment,
and professional commitment (Azimi Sanavi & Razavi, 2017; Mir Safian, 2019). Research also shows that
educational managers who are familiar with and apply quantum skills tend to create more collaborative,
adaptive, and innovative organizational climates (Sadeghi Dehkordi, 2018). However, a notable gap remains
regarding the development and validation of a comprehensive, localized quantum management model for
school principals, especially at the elementary and secondary levels. While some conceptual works have
discussed the applicability of quantum leadership in Iranian organizations (Aghababayi et al., 2013; Rozbeh
et al., 2019), few have empirically identified its components, pathways, and contextual enablers in the
schooling context.

Theoretically, various scholars have elaborated on the foundations of quantum management. For example,
Darla Deardorff highlights in her model of synergy leadership that quantum organizations rely on integrating
human energy, social capital, and organizational learning to enable innovation (Deardorff, 2006). Similarly,
Robert Kocak describes quantum leadership as a paradigm tailored for the 21st century that empowers
organizations to thrive amid global complexity and technological turbulence (Kocak, 2020). Moreover, the
collaborative aspect of quantum leadership has been emphasized in higher education, where it fosters co-
development, co-design, and joint problem-solving among stakeholders (Paz et al., 2018). Nevertheless,
scholars caution that implementing quantum management without cultural and structural readiness—such as
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supportive institutional frameworks and knowledge management systems—can limit its effectiveness (Hanine
& Nita, 2019; Nowruzzadeh et al., 2020).

Given this context, and considering the increasing expectations placed on schools in Hamadan to deliver
innovative and adaptive education, this study aimed to design and validate a quantum management model
specifically for school principals. This model is expected to provide a culturally relevant framework that can
guide leadership development, improve organizational resilience, and enhance educational quality in the city’s
schools.

Methods and Materials

This study adopted an exploratory sequential mixed-methods design. In the qualitative phase, grounded theory
methodology was used to identify the core dimensions and components of quantum management among school
principals. Purposeful sampling was employed to select 20 highly experienced school principals and
educational management experts in Hamadan with at least 10 years of managerial experience. Semi-structured
interviews were conducted until theoretical saturation was achieved, and data were analyzed through open,
axial, and selective coding.

Based on the qualitative results, a researcher-made questionnaire was developed for the quantitative phase.
This instrument included two sections: demographic information and 55 close-ended items measuring
principals’ perceptions of quantum management attributes, rated on a 5-point Likert scale from "strongly
disagree" to "strongly agree." The target population in this phase comprised all principals of public and private
schools in Hamadan during the 2023-2024 academic year (N = 180). Using stratified random sampling based
on educational level, 150 principals were selected as the sample according to Krejcie and Morgan’s table. The
questionnaire’s content validity was confirmed by expert review, its construct validity through exploratory
factor analysis, and its reliability through Cronbach’s alpha.

Data were analyzed in two stages. Qualitative data were analyzed using constant comparative methods until
saturation, and quantitative data were analyzed using descriptive statistics, exploratory factor analysis, and
model fit indices such as AVE, CR, R?, Q?, SRMR, and GOF to assess convergent and discriminant validity
and overall model quality.

Findings

The qualitative analysis revealed that the core category of “quantum management of school principals” was
structured around five main sets of factors: causal conditions, contextual conditions, intervening conditions,
strategies, and outcomes. Causal factors encompassed professional and managerial competencies, innovative
planning, intelligent decision-making, participatory and interactive behavior, self-awareness, and inspirational
leadership. Contextual factors included human interaction and school climate, collegiality, dialogue,
institutional and structural support, financial backing, and a culture of encouragement, alongside resistance to
change. Intervening factors comprised structural constraints, flexible policies, operational adaptability, and
environmental alignment. Strategy-related factors involved gradual approaches, limited implementation, and
moderate operationalization. Finally, outcome factors ranged from facilitating and integrative results such as
holistic growth and purposeful cohesion to challenging ones like resistance to change and structural instability.
Quantitative results showed that all identified components had acceptable means, with the highest scores for
professional and managerial competencies, human relations and collective dynamics, and human interaction
and school climate, while strategy-related dimensions scored lower on average. The measurement model
demonstrated high reliability, with Cronbach’s alpha and composite reliability (CR) values above 0.90 for all
constructs, and strong convergent validity, as indicated by AVE values exceeding 0.5. Discriminant validity
was supported by the Fornell-Larcker criterion, showing that the square root of AVE for each construct was
higher than its correlations with other constructs. The structural model exhibited excellent fit: adjusted R2
values were 0.944 for causal factors, 0.938 for contextual factors, 0.599 for intervening factors, and 0.730 for
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strategies, all within strong to very strong ranges. Q? values also surpassed 0.35, indicating strong predictive
relevance. All path coefficients between main and sub-factors were significant (p < .001), with high t-values
confirming the robustness of the proposed model.

Discussion and Conclusion

The results provide empirical support for the multidimensional structure of quantum management in schools,
aligning with prior studies that describe it as an integrative, nonlinear, and adaptive leadership paradigm
(Bickley et al., 2021; Fris & Lazaridou, 2006; Hanine & Nita, 2019; Kocak, 2020). The identification of
professional and managerial competencies, self-awareness, and inspirational leadership as key causal elements
confirms earlier findings that quantum managers must transcend technical expertise to develop intuitive,
relational, and systems-oriented capacities (Mohammadi et al., 2017; Shelton & Darling, 2001). The critical
role of contextual conditions—particularly human interactions, supportive structures, and a culture of
encouragement—also resonates with previous studies showing that quantum management thrives in
collaborative, psychologically safe environments with enabling organizational climates (Azimi Sanavi &
Razavi, 2017; Nowruzzadeh et al., 2020; Shahabi Nasab et al., 2021).

The recognition of intervening factors such as structural rigidity and flexible policy highlights that
organizational structures can either constrain or facilitate quantum practices. This supports prior claims that
flexibility and decentralization are prerequisites for quantum leadership to flourish (Hanine & Nita, 2019;
Porter-O'Grady & Malloch, 2009). The observed gradual implementation strategies align with the notion that
transitioning from mechanistic to quantum management requires incremental and learning-oriented approaches
to avoid resistance (Deardorff, 2006; Paz et al., 2018). Furthermore, the mixed outcomes reported—ranging
from initial resistance and instability to eventual growth and cohesion—echo previous evidence that
organizations may experience short-term disruption before achieving the transformative benefits of quantum
leadership (FarhadiRad, 2017; Mohammadi et al., 2017).

Overall, this study contributes to the literature by providing a validated, contextually grounded quantum
management model for school principals in Hamadan. It confirms that quantum management is not solely a
set of discrete skills but a holistic mindset requiring supportive contexts, enabling policies, and sustained
professional development. This model can inform leadership training, policy design, and evaluation systems
aimed at fostering adaptive, innovative, and resilient school organizations. Ultimately, implementing quantum
management may help schools navigate complexity more effectively and enhance educational quality by
cultivating collaborative, learning-oriented environments for students and staff alike.
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