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ABSTRACT

The main objective of this research is to identify environmental sustainability indicators
and then provide a model of the relationships between these indicators in academic
environments. Initially, a comprehensive review of the scientific literature related to
environmental sustainability in universities was conducted. Then, using the fuzzy Delphi
method, the opinions of experts in the fields of natural resources and the environment
were gathered to identify the criteria effective for establishing sustainability. A
questionnaire was designed in which experts evaluated the impact of each indicator on
environmental sustainability. After data analysis, Interpretive—Structural Modeling
(ISM) was employed to determine the relationships between the indicators. The results
indicated that a total of 13 indicators serve as a basis for creating environmental
sustainability within the study area. The indicators of student and staff participation,
support for research projects, and environmental policy-making are positioned at the first
level of the ISM. The second level of the model includes the indicators of using native
plants, utilizing sustainable materials, reducing building energy consumption, and
decreasing waste production. Based on the findings of this research, the third and fourth
levels relate to addressing potential risks regarding both energy issues and natural
disasters. At these levels, components for water conservation and preparedness for
natural disasters are introduced, while energy conservation is presented at the third level.
At the fifth level, the components of waste reuse and renewable energy sources are
included, and the final level of the model consists of control and monitoring
mechanisms.
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Introduction

Universities play a crucial role in advancing
sustainability by integrating environmental
awareness, policy development, and research into
their operations (Gholami et al., 2020). As centers
of learning and innovation, they foster essential
knowledge and practices that shape sustainable
communities and influence global environmental
strategies (Johnson & Castleden, 2011). The
concept of a “green university” has gained
momentum, emphasizing the adoption of resource-
efficient strategies, ecological campus designs, and
policies that promote long-term sustainability
(Sugiarto et al., 2022). Sustainable university
campuses function as living laboratories,
demonstrating  best  practices in  energy
conservation, waste management, and biodiversity
enhancement, thereby inspiring students and
faculty to actively engage in environmental
stewardship (Lau et al., 2014).

Academic  institutions are  increasingly
recognized as key contributors to sustainability
through interdisciplinary research and stakeholder
engagement (Saecedi &  Goodarzi, 2020).
Universities, by  embedding  sustainability
principles within curricula, infrastructure, and
governance, empower future decision-makers to
address environmental challenges effectively (Fissi
et al., 2021). Several studies highlight the
importance of policy-driven initiatives, including
campus-wide waste reduction programs and
energy-efficient  architectural  designs,  as
fundamental strategies for advancing sustainability
(Glines et al., 2014; Peters & D’Penna, 2020).
While international models for sustainable
campuses vary, common themes include holistic
resource management, educational campaigns, and
the integration of sustainability within institutional
culture (Ribeiro et al., 2021).

Environmental sustainability in university
campuses is a multifaceted issue that requires
attention to ecological, social, and economic
factors (Leal Filho et al., 2021). Previous research
underscores  the necessity of  balancing
infrastructure development with environmental
considerations, particularly through the use of
renewable energy, sustainable materials, and
native vegetation in campus planning (Darabi &
Saeedi, 2019). Moreover, fostering active
participation among students and faculty is critical
to institutionalizing sustainability practices and
ensuring their long-term success (Disterheft et al.,
2012). Strategies such as structured sustainability
frameworks, stakeholder involvement, and
technological innovations contribute significantly
to achieving sustainable academic environments

(Finlay & Massey, 2012).

The present study aims to develop a structured
model that identifies and connects key
sustainability indicators within university settings
using interpretive structural modeling (ISM). By
incorporating expert opinions through the fuzzy
Delphi method, this research evaluates the
interdependencies among sustainability criteria and
prioritizes actionable strategies for ecological
resilience. Through systematic analysis, the study
offers insights into optimizing sustainability
initiatives and provides practical recommendations
for universities striving to become environmentally
responsible institutions. The primary objectives of
this study are:

1. To identify and wvalidate essential
environmental sustainability indicators within
university settings.

2. To establish interrelations between
indicators using ISM to inform structured
policymaking.

3. To provide a scalable framework for
enhancing sustainability efforts in academic
institutions.

Methodology

This study employed a systematic multi-stage
methodology to identify and model environmental
sustainability  indicators ~ within  university
campuses. Initially, an extensive literature review
was conducted to extract relevant sustainability
criteria, ensuring alignment with both global
academic  perspectives and the  specific
environmental conditions of Malayer University.
The research then proceeded with expert
consultations, utilizing the fuzzy Delphi method to
refine the selected indicators. Through structured
questionnaires, seven experts specializing in
environmental sciences, urban planning, and
resource management evaluated the significance of
each criterion using a Likert scale ratings,
providing a quantitative basis for screening
influential variables.

Following indicator selection, interpretive
structural modeling (ISM) was applied to analyze
the interdependencies between sustainability
criteria. A structured self-interaction matrix
(SSIM) was developed, wherein experts assigned
relational values to each indicator pair based on
predefined logical connections. The SSIM was
then transformed into a binary matrix, and
contradictions within the relational data were
systematically  resolved. = This  hierarchical
modeling approach allowed the research to
categorize sustainability indicators into multiple
structured levels, prioritizing key environmental
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strategies for academic institutions. By evaluating
reachability and antecedent sets, critical factors
influencing  environmental  stability = were
identified.

To ensure validity and consistency in
qualitative research, the study adopted rigorous
evaluation techniques, including continuous expert
engagement and comparative cross-validation of
responses (Whittemore et al., 2001). The iterative
refinement process enabled the researchers to
minimize biases and enhance methodological
robustness. The final interpretive structural model
provided a clear visualization of hierarchical
relationships among sustainability indicators,
offering actionable insights for universities seeking
to implement environmental resilience strategies.
Through this structured approach, the study
effectively  bridges theoretical sustainability
frameworks with practical applications for green
campus development.

Results

The study identified and structured key
environmental sustainability indicators within the
studied university campus using a multi-method
approach. Through expert analysis and the fuzzy
Delphi method, thirtee significant criteria were
selected, encompassing themes such as energy
conservation, waste management, and
environmental policymaking. Findings indicated
that student and staff participation, support for
research projects, and institutional environmental
policies form the foundational level of
sustainability strategies, underscoring their critical
role in fostering an eco-conscious academic
culture. These primary indicators create an
enabling framework for subsequent sustainability
efforts, ensuring long-term ecological resilience in
university settings.

The second hierarchical level in the
interpretive—structural model (ISM) consists of
operational strategies, including the use of native
plants, sustainable building materials, reduction of
campus energy consumption, and minimization of
waste production. Previous research has indicated
that these elements directly support practical
sustainability applications, promoting resource
efficiency and reducing environmental footprints
(Lau et al.,, 2014). This level demonstrates the
importance of integrating nature-based solutions
and eco-friendly infrastructure into campus
development plans to reinforce sustainable
resource use and ecological awareness among
university stakeholders.

At the third and fourth hierarchical levels, the
study identified critical risk management strategies

related to water conservation and disaster
preparedness.  Efficient water management
emerged as a core component of long-term
sustainability, supported by previous research on
the role of native vegetation in reducing water
consumption (Saeedi & Goodarzi, 2020).
Additionally, institutional readiness for natural
disasters was highlighted as an essential factor,
reinforcing the need for adaptive planning in
university settings. These findings emphasize the
necessity of establishing resilience measures that
can  mitigate environmental risks  while
maintaining sustainable campus operations.

The fifth level of the ISM model addressed
advanced sustainability measures, including waste
reuse and the adoption of renewable energy
sources. These strategies were found to be
contingent on achieving stability in lower-tier
indicators, indicating the progressive nature of
sustainability initiatives. The transition from basic
environmental management to advanced renewable
energy integration reflects the systematic approach
required to achieve comprehensive campus
sustainability (Goodarzi et al., 2019). The results
suggest that universities should prioritize
foundational  sustainability elements before
advancing toward large-scale environmental
innovations.

Finally, the highest level of the ISM framework
encompasses monitoring and control mechanisms,
ensuring the effective implementation and
continuous refinement of sustainability efforts.
The study underscores the importance of consistent
oversight and policy evaluation in maintaining
long-term  environmental  resilience  within
academic institutions (Whittemore et al., 2001). By
establishing structured monitoring frameworks,
universities can optimize sustainability strategies,
refine their implementation over time, and ensure
alignment with evolving environmental priorities.
These findings provide actionable insights for
academic institutions seeking to institutionalize
sustainability and reduce their ecological
footprints.

Integrating sustainability principles within
university campuses requires a multi-dimensional
approach that balances environmental
conservation, stakeholder participation, and
institutional policies. The study confirms that
environmental policymaking, student engagement,
and research support form the foundation for
sustainability, reinforcing previous findings on the
crucial role of community involvement (Too &
Bajracharya, 2015). By prioritizing these elements,
universities can cultivate an eco-conscious culture
that fosters proactive environmental stewardship
and knowledge-driven decision-making.
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Furthermore, embedding sustainability concepts
within university governance ensures continuity
and amplifies the effectiveness of broader
ecological initiatives (Disterheft et al., 2012).

The hierarchical model developed in this study
underscores the progressive nature of sustainability
implementation, where foundational policies
facilitate subsequent ecological enhancements.
Findings indicate that employing native
vegetation, sustainable materials, and energy-
efficient infrastructure significantly contribute to
campus environmental resilience (Lau et al,
2014). Aligning these strategies with institutional
frameworks strengthens their long-term viability
and fosters interdisciplinary collaborations. In
particular, energy management and waste
reduction efforts complement existing
sustainability frameworks, demonstrating the
necessity of integrating various sustainability
dimensions to optimize environmental benefits
(Saeedi & Goodarzi, 2020).

Risk  mitigation remains an  essential
component of sustainable campus development,
with water conservation and disaster preparedness
emerging as critical factors in resilience planning.
The study highlights the interconnectedness of
sustainability and institutional safety, emphasizing
the role of adaptive strategies in minimizing
environmental vulnerabilities (Whittemore et al.,
2001). Universities that incorporate early-warning
systems and disaster preparedness measures not
only protect campus infrastructure but also
reinforce ecological safeguards that enhance long-
term sustainability outcomes. These findings
advocate for a proactive approach to
environmental risk  management, ensuring
institutional readiness for unforeseen ecological
disruptions.

Advanced sustainability measures, such as
renewable energy integration and  waste
reutilization, constitute the upper levels of the
interpretive structural model. The study reveals
that universities should first stabilize foundational
sustainability initiatives before transitioning to
more advanced ecological interventions (Goodarzi
et al., 2019). The progressive structuring of these

initiatives indicates that environmental
transformation ~ within  academic institutions
requires a phased and strategic approach.
Policymakers and administrators must allocate
resources accordingly, ensuring that incremental

sustainability advancements align with
institutional ~ capacities and  environmental
objectives.

Finally, continuous monitoring and evaluation
mechanisms play a pivotal role in reinforcing
sustainability commitments within university
environments. Establishing structured oversight
frameworks ensures accountability, refines
sustainability strategies, and adapts them to
emerging ecological challenges (Whittemore et al.,
2001). By maintaining an iterative approach,
universities can enhance their sustainability efforts,
bridging the gap between policy formulation and
practical execution. The study concludes that
sustainability within academic institutions is a
dynamic and evolving process, requiring persistent
engagement, structured interventions, and adaptive
strategies to ensure long-term ecological resilience.

Conclusion

This study highlights the essential components of
environmental sustainability within university
campuses, emphasizing the hierarchical
relationships between key indicators. The findings
confirm that student and staff participation,
research support, and environmental policymaking
are foundational to fostering a sustainable
academic environment. The interpretive structural
model (ISM) reveals that sustainability initiatives
must progress from fundamental engagement
strategies toward advanced measures such as
renewable energy adoption and waste reutilization.
Moreover, continuous monitoring and adaptive
governance play a critical role in ensuring the
long-term success of sustainability efforts. By
structuring these initiatives into a systematic
framework, this research provides universities with
actionable strategies to enhance ecological
resilience and integrate sustainability into
institutional operations effectively.
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Table 2. Descriptive Information of the Expert Questionnaire
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Figure 2. Final Interpretive—Structural Model of Strategies for Environmental Sustainability
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