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Abstract:

The objective of this study was to develop a comprehensive model for safe school site selection against natural hazards by integrating GIS
with multi-criteria decision-making techniques. This descriptive—analytical study applied an MCDA-based methodology. Data were collected
using an ANP pairwise comparison questionnaire completed by 35 experts in architecture, urban planning, and disaster management. Data
validity was examined using KMO and Bartlett’s tests, followed by EFA and CFA analyses. ANP was used to determine criterion weights,
TOPSIS was employed to rank the urban blocks, and GIS was utilized to spatially integrate and map the final priorities. The KMO value of
0.64 and the significant Bartlett test (p<0.01) confirmed the adequacy of the data for factor analysis. Pearson correlation analysis indicated a
non-significant linear relationship between the two main factors (p=0.34). EFA extracted a two-factor structure with acceptable loadings.
TOPSIS results ranked Block A (0.7336) and Block D (0.7220) as top priorities, while Block B (0.2032) had the lowest priority. GIS-based
spatial integration revealed meaningful clustering patterns of TOPSIS scores, indicating non-random spatial distribution of suitability levels.
The findings underscore that school site selection must extend beyond technical considerations and incorporate spatial, demographic, and
architectural criteria. The integration of GIS with MCDA methods provided a precise spatial prioritization framework and offered a practical
model for designing resilient school environments capable of supporting both daily educational functions and emergency response needs.
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Extended Abstract

Introduction

School site selection is one of the most critical components of educational planning, urban development, and disaster-risk
reduction strategies. Schools are not merely instructional spaces; they serve as central public facilities that must remain safe,
accessible, and resilient under both normal and crisis conditions. In many developing urban contexts, rapid urban growth,
unbalanced land-use patterns, and exposure to natural hazards such as earthquakes, floods, and landslides have made scientific
school location planning increasingly indispensable. As a result, contemporary research has increasingly emphasized the
integration of spatial technologies with decision-making tools to ensure that school sites meet safety, accessibility, socio-
environmental, and architectural criteria simultaneously.

Within this context, Geographic Information Systems (GIS) have emerged as a fundamental tool for spatial exploration,
suitability mapping, and decision support in educational infrastructure planning. Numerous studies have demonstrated that GIS
can provide systematic, multi-layered spatial analyses capable of identifying spatial inequalities, infrastructure deficiencies,
and risk-prone locations. For instance, applications of GIS in school distribution and site suitability have shown high accuracy
in identifying optimal educational locations (2, 3). Similarly, research on spatial organization and distribution of schools in
various Iranian cities has demonstrated that the combination of GIS with urban development indicators provides an effective
framework for assessing school accessibility patterns and spatial justice (4, 5). These studies collectively affirm that GIS-based
spatial analysis is an essential prerequisite for evidence-based location planning.

At the same time, Multi-Criteria Decision Analysis (MCDA) has become a widely used approach for handling the complex,
multidimensional nature of school location problems. Methods such as AHP, ANP, TOPSIS, and fuzzy decision-making
techniques allow planners to quantify expert judgment, weigh diverse criteria, and compare alternative sites using rational,
structured frameworks. Literature in this field highlights the ability of MCDA to synthesize qualitative and quantitative

indicators, reduce ambiguity in expert-driven evaluations, and produce transparent, replicable site selection outcomes (12, 13).
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In particular, the analytic network process (ANP) provides a powerful mechanism for capturing interdependencies among
criteria—a relevant feature in school planning, where spatial, demographic, environmental, and safety-related indicators
interact dynamically.

Globally, several studies emphasize the relevance of MCDA-GIS integration in educational planning. The seminal work of
Bukhari and colleagues demonstrated how multi-criteria spatial decision analysis can effectively identify safe school locations,
showing that spatial risk and accessibility considerations can be operationalized using MCDA-GIS hybrids (7). Follow-up
studies in Indonesia and Malaysia similarly revealed that GIS-based MCDA can classify suitable zones with high precision and
provide policymakers with decision-ready suitability maps (8, 9). The findings of these studies consistently reaffirm that
integrated frameworks outperform traditional planning methods, particularly in fast-growing or hazard-prone regions.

In addition, recent advancements in sustainability-oriented spatial planning further support the use of GIS-MCDA for
infrastructure optimization. For example, research employing GIS-MCDA models for sustainable spatial development
illustrates how multi-criteria spatial frameworks can evaluate land suitability based on ecological, developmental, and hazard-
related indicators simultaneously (14). These insights are especially relevant for school planning, where sustainable land
allocation and safety considerations are intertwined. Likewise, advanced GIS-driven approaches have been used to evaluate
optimal locations for higher education institutions, providing evidence that GIS can generate robust spatial scenarios for
educational facility distribution at multiple scales (1).

Within Iran, recent empirical work applying GIS and TOPSIS for school site selection indicates that multi-criteria spatial
methods successfully identify disparities between central and peripheral zones and reveal overlooked spatial inequalities in
urban school distributions (10). Studies using FMCDM-GIS approaches further highlight the necessity of combining expert
judgment with spatial data to address the complexity of urban school location planning (6). Together, these works confirm that
integrated analytical frameworks can respond to the multidimensional challenges associated with school safety, risk exposure,
and land-use compatibility.

Considering the above, the present study contributes to this body of knowledge by integrating ANP, TOPSIS, and GIS to
propose a comprehensive, empirically validated model for safe school site selection. This model synthesizes expert-driven
criteria, statistical validation, and spatial suitability mapping to identify the most appropriate school locations in the study area.
The extended abstract summarizes the analytical process and highlights the implications of the findings for school planning
and disaster-risk reduction.

Methods and Materials

This study adopted a descriptive—analytical methodology combining expert judgment, statistical verification, multi-criteria
modeling, and spatial analysis. Data were obtained from 35 experts in architecture, urban planning, and disaster management
using an ANP pairwise comparison questionnaire. Reliability was assessed using Cronbach’s alpha, and data adequacy was
verified through KMO and Bartlett tests, followed by exploratory and confirmatory factor analyses. Finalized criteria were
weighted using the ANP method, and the weighted indicators were applied in a TOPSIS model to rank potential school site
blocks. The results were then integrated into GIS to generate suitability maps and spatial priority clusters.

Findings

Reliability analysis produced a Cronbach’s alpha of 0.66, indicating acceptable internal consistency for the pairwise
comparison instrument. KMO was measured at 0.64, and Bartlett’s test was significant at p < 0.01, confirming that the dataset

was suitable for factor analysis. Exploratory factor analysis extracted two principal components explaining the highest portion
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of variance, while several items with low factor loadings were identified for potential refinement. Confirmatory factor analysis
showed adequate standardized loadings for most items, validating the measurement structure.

Pearson correlation analysis indicated a weak, non-significant relationship between the two extracted factors (p = 0.34),
suggesting that they operate independently. Delphi analysis resulted in the retention of 14 high-consensus criteria for MCDA
modeling. In the TOPSIS analysis, Block A received the highest priority score (0.7336), followed by Block D (0.7220), Block
C (0.3229), and finally Block B (0.2032). These scores indicate clear differentiation among potential sites based on the weighted
criteria.

The GIS-based spatial integration demonstrated that high-priority zones are concentrated in the central, more developed
areas of the city, characterized by superior infrastructure, higher accessibility, and better land-use compatibility. Conversely,
low-priority zones were predominantly located in peripheral or semi-rural regions where infrastructural deficits and higher
spatial risks are more prevalent. Cluster analysis further confirmed the presence of distinct spatial groupings of suitability
values across the city.

Discussion and Conclusion

The results of this study demonstrate that integrating ANP, TOPSIS, and GIS provides a robust and scientifically grounded
framework for identifying safe and optimal school locations. The model successfully captured the multidimensional nature of
school site selection by combining expert judgment, statistical validation, and spatial analytics. High-suitability zones identified
by the model correspond to areas with strong infrastructure, emergency access routes, favorable population density patterns,
and compatible surrounding land uses. These findings align with the conceptual understanding that schools must not only serve
daily educational functions but also remain operational and safe during disasters.

The methodological coherence of the model is supported by the internal consistency of expert responses, acceptable factor
structure, and logical clustering patterns observed in the spatial analyses. The distinction between central and peripheral zones
in the suitability maps reflects broader urban development patterns, indicating that infrastructural disparities play a major role
in determining the safety and viability of school sites.

In conclusion, the integrated MCDA-GIS approach used in this research offers a comprehensive and replicable model for
school site planning, particularly in hazard-prone or rapidly urbanizing contexts. The study underscores the necessity of
combining statistical rigor, expert knowledge, and spatial intelligence to support more resilient and equitable educational

infrastructure development.
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