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ABSTRACT

The rapid expansion of emerging technologies, particulatly artificial intelligence
(AI), has subjected education-oriented organizations to profound
transformations and complex challenges in the process of innovation adoption.
The purpose of this study is to design and propose a structural, hierarchical, and
non-linear model to identify and explain the causal relationships among the
factors influencing the adoption of Al-driven innovations in such organizations.
Unlike conventional linear and technology-centered models such as (TAM) and
(UTAUT), the proposed model adopts a systematic and holistic perspective by
elucidating multi-layered causal relationships undetlying Al innovation adoption.
This applied research employs a mixed-methods approach, integrating qualitative
and quantitative phases. Thitteen key factors were identified through a systematic
literature treview and subsequently analyzed using Interpretive Structural
Modeling (ISM), through which they were organized into seven hierarchical
levels. Model validation and the assessment of variables’ driving and dependence
power were conducted using MICMAC analysis. The findings reveal that
perceptual and information-processing infrastructures constitute the most
fundamental and influential driving forces, forming the foundation for other
components such as digital motivational mechanisms, organizational
transformation frameworks, and structural dynamism. The MICMAC results
further confirm the structural stability of the system and the clatity of causal
relationships among variables. By offering a multidimensional analytical
framework, the proposed model provides practical guidance for policymakers
and organizational leaders to allocate strategic resources toward the development
of perceptual and information-processing infrastructures rather than focusing on
superficial instrumental layers. This approach not only prevents resource
misallocation but also facilitates the sustainable and effective adoption of
artificial intelligence within education-oriented organizations.
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Introduction

In the context of rapid technological change, artificial intelligence (Al) is
reshaping education, enabling personalized learning, data-driven decision-
making, and improved outcomes (Russell & Norvig, 2020; Chen et al., 2022).
However, Al adoption is hindered by individual resistance, organizational
inertia, technical barriers, and cognitive-emotional challenges (Venkatesh et al.,
2003; Alam, 2021). Traditional technology acceptance models, relying on linear,
variance-based approaches, are insufficient for capturing the hierarchical, non-
linear, and interdependent relationships among adoption factors (Dwivedi et al.,
2024; Xiong et al., 2024). Addressing these gaps, this study develops a multi-
level, causal model using Interpretive Structural Modeling (ISM) and validates it
through MICMAC analysis, integrating technological, organizational, cognitive-
emotional, and environmental dimensions to provide both theoretical insight
and practical guidance for sustainable Al adoption in education-focused
organizations.

Research Question(s)

This study aims to develop a comprehensive model that clarifies the structural
and hierarchical relationships among the factors influencing artificial intelligence
adoption in education-oriented organizations, with the purpose of supporting
strategic decision-making. Accordingly, the main research question is: How do
these factors interact across hierarchical levels, and which factor acts as the key
driving force in the success of Al adoption?

Literature Review

The adoption of emerging technologies, particularly artificial intelligence (Al), in
education-focused organizations represents a pivotal topic in technology
management and educational research. Classical models such as the Technology
Acceptance Model (TAM; Davis, 1989), Diffusion of Innovations (DOI;
Rogers, 1995), Unified Theory of Acceptance and Use of Technology
(UTAUT/UTAUT?2; Venkatesh et al., 2003, 2012), Technology-Organization-
Environment Framework (TOE; Tornatzky & Fleischer, 1990), Technology
Readiness Index (TRI; Parasuraman, 2000), and Theory of Planned Behavior
(TPB; Ajzen, 1991) emphasize individual, technological, organizational, and
environmental factors and have been widely applied in educational studies.
Domestic  literature  (Zangeneh et al, 1404; Mirmasoomi, 1404,
Mohammadzadeh & Abedi, 1403; Safari & Ansari, 1401) and international
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studies (Bayaga, 2025; Sanchez et al., 2025; Sharma et al., 2024; Nguyen et al,,
2022; Chatterjee et al., 2020) demonstrate the multidimensional influence of
factors on Al adoption. However, these works predominantly focus on linear
relationships and single-level analyses, with limited attention to structural

interactions and non-linear dynamics (Dwivedi et al., 2024; Xiong et al., 2024;
Chen et al., 2022).

Through comparative analysis of theoretical models and empirical studies,
the present research extracted and conceptualized 13 key factors across five
dimensions (individual, technological, organizational, environmental, and
cognitive-emotional):

1. Digital motivational mechanisms;

Technology interaction protocols;

Organizational alignment mechanisms;

Organizational synchronization processes;

Digital cognitive and emotional threshold factors;
Intelligent adaptability factors;

Integrated cognitive architectures;

Technological trust and transparency constructs;

9. Normative systems and digital social capital;

10. Perceptual and information processing platforms;

11. Self-regulation and individual empowerment mechanisms;
12. Organizational transformation frameworks and structural dynamics;
13. Multi-level and interdisciplinary interaction infrastructures.

PN

Given the limitations of classical models in capturing complex, non-linear, and
multi-level relationships, and the constraints of methods such as SEM—which
require established theoretical models and large quantitative datasets—and
FCM—which emphasize system dynamics and interpretive complexity, this
study adopts Interpretive Structural Modeling (ISM). ISM is particularly suitable
for analyzing emerging, complex phenomena, allowing hierarchical structuring
of factors, identification of driving and dependent variables, and clear
elucidation of causal relationships.

Methodology

This applied study employed a mixed-methods approach to develop a structured
causal model explaining the interactions among factors influencing artificial
intelligence adoption in education-oriented organizations. The study population
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consisted of academic experts and senior managers in educational technology,
artificial intelligence, and digital transformation, selected through purposive
judgmental sampling based on expertise and experience. In line with ISM
research conventions, nine experts participated, with sample size determined by
expert adequacy and theoretical saturation rather than quantitative criteria.

In the qualitative phase, relevant factors were identified through a systematic
literature review and validated by expert judgment. In the quantitative phase,
Interpretive Structural Modeling (ISM) was used to analyze causal relationships
among the factors using a pairwise comparison questionnaire. Expert consensus
was achieved through iterative review by a subpanel. To validate the model and
assess the driving and dependence power of variables, MICMAC analysis was
conducted, classifying factors into independent, linkage, dependent, and
autonomous categories. Model validity was confirmed through expert consensus
and consistency between ISM and MICMAC results.

Results

The ISM analysis confirms that Al innovation adoption in education-oriented
organizations is governed by a seven-level hierarchical structure of 13
interrelated factors (figure 1).
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Figure 1
An Interpretive Structural Model of Atrtificial Intelligence Innovation Adoption in Learning-
Oriented Organizations

Interpretive Structural Modeling (ISM) reveals a seven-level causal hierarchy
for Al adoption in education-oriented organizations, in which causality flows
from perceptual and data-processing infrastructures at the foundational levels to
digital motivational mechanisms and organizational transformation outcomes at
the upper levels. The findings identify perceptual and information-processing
foundations as the most fundamental drivers of the system, upon which the
activation of cognitive, adaptive, social, and organizational layers depends.
Human—cognitive factors, including trust, social norms, and cognitive
thresholds, function as mediating mechanisms that bridge technical capabilities
and users’ behavioral acceptance, whereas digital motivational mechanisms and
organizational transformation frameworks exhibit an outcome-oriented nature.
This hierarchical logic underscores that sustainable Al adoption emerges from
gradual, multi-level interventions and that surface-level policies or
transformation initiatives, without reinforcement of underlying data-driven,
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adaptive, and cognitive layers, are unlikely to result in enduring organizational
change.

Figure 2
Clustering of Indicators (Influence and Dependency Diagram)
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MICMAC analysis reveals that variables are distributed across independent,
dependent, and autonomous zones, with the linkage zone notably absent,
indicating structural stability, clear causal pathways, and no unstable feedback
loops. Independent driving factors—particularly perceptual and information-
processing foundations—exhibit the highest driving power and lowest
dependence, establishing them as the primary enablers of Al adoption,
consistent with their placement at the lower ISM hierarchy levels. Conversely,
digital motivational mechanisms and organizational transformation frameworks
occupy the dependent zone, functioning mainly as outcomes rather than initial
drivers. The alignment of MICMAC and ISM findings underscores the model’s
internal coherence and causal validity, illustrating that Al adoption in education-
focused organizations is a multi-level, asymmetric causal system where strategic
interventions should target foundational cognitive and structural drivers.
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Conclusion

The ISM results, structured across seven hierarchical levels, reveal a clear causal
flow from foundational cognitive—perceptual layers to operational and
institutional outcomes. The findings demonstrate that Al adoption in education-
oriented organizations is a systemic and gradual process that originates in deep
cognitive and perceptual infrastructures and culminates in organizational
transformation. This perspective aligns with recent technology adoption
literature emphasizing the contextual, complex, and non-linear nature of
adoption processes (Dwivedi et al., 2024; Xiong et al., 2024).

The study’s primary theoretical contribution lies in identifying perceptual and
information-processing infrastructures as the most fundamental driving force of
Al adoption. Unlike traditional models such as TAM, which treat perceived ease
of use as an antecedent variable, the proposed model conceptualizes ease of use
as an outcome of deeper cognitive and informational capacities. Without
institutionalized ~ digital literacy and mental information-processing
infrastructures, external incentives are unlikely to result in genuine adoption.
This finding is consistent with expectancy—value theory, which links technology
valuation to internal competence beliefs.

The proposed model redefines individual, technological, social,
organizational, and environmental factors as interdependent components of a
unified system. MICMAC analysis further confirms the structural stability of the
model and the transparency of causal pathways. Overall, the model offers a non-
linear, asymmetric causal framework that complements existing quantitative
models and provides a practical roadmap for prioritizing strategic interventions
in Al-driven educational transformation.
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