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Abstract:

This study aimed to analyze the spatial distribution of upper secondary schools in Babol and assess the conformity of their current locations
with sustainable-city indicators and ecological planning principles. This applied study employed a descriptive—analytical design and an
integrated quantitative and spatial approach. The statistical population comprised residents of Babol and experts in urban planning. Using
Cochran’s formula, 380 residents were selected, while 30 experts were recruited through purposive sampling. Data were collected through
documentary studies, field observations, a researcher-developed questionnaire, and a pairwise-comparison questionnaire. The one-sample
Wilcoxon test, Pearson correlation coefficient, and Spearman rank correlation coefficient were applied using SPSS. Environmental, social,
physical-spatial, and sustainable accessibility and transportation criteria were weighted through the fuzzy analytic hierarchy process.
Geographic information system techniques, including spatial compatibility, accessibility-radius, network, and suitability analyses, were
subsequently used to integrate the criteria and examine the spatial pattern of school locations. Testing the main hypothesis indicated that the
current spatial distribution of upper secondary schools did not provide the conditions required to achieve an ecologically oriented sustainable
city; therefore, the main hypothesis was rejected. Regarding the first subsidiary hypothesis, the environmental criterion received the highest
normalized weight (0.428467), exceeding the physical-spatial, sustainable accessibility and transportation, and social criteria; thus, its
priority in school-location decisions was confirmed. A statistically significant positive relationship was found between environmental
education in schools and participation in urban environmental protection (r=0.659, p<0.001). Moreover, appropriate school location
demonstrated a very strong, positive, and statistically significant association with sustainable-city achievement (r_s=0.956, p<0.001). The
existing location pattern of upper secondary schools in Babol is insufficiently aligned with ecological sustainability requirements. School
planning should therefore be revised by prioritizing environmental quality, spatial justice, sustainable accessibility, active transportation,
compatibility with surrounding land uses, and stronger environmental education and participation programs.
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Extended Abstract

Introduction

Educational land uses constitute a critical component of urban public-service systems because their spatial distribution
directly affects educational equity, accessibility, travel generation, environmental quality, and the everyday safety of students.
In rapidly growing cities, the concentration of schools in central districts and their insufficient provision in peripheral
neighborhoods may intensify spatial inequality, increase dependence on motorized transportation, and expose students to traffic
hazards, air pollution, noise, and incompatible surrounding land uses. Sustainable urban planning therefore requires educational
facilities to be considered not merely as buildings in which formal instruction occurs, but as sensitive urban nodes whose
location, physical condition, environmental performance, and relationship with green and transportation networks influence
broader patterns of urban sustainability. From an ecological perspective, school planning should integrate environmental health,

green-space provision, energy efficiency, waste management, surface permeability, safe mobility, social participation, and
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equitable access. Previous studies have emphasized that sustainable educational environments can improve students’
environmental knowledge, attitudes, learning conditions, and participation in environmentally responsible practices (5, 12, 13).
Research on green schools has also demonstrated that many existing educational facilities remain below desirable sustainability
standards, especially regarding environmentally responsive architecture and resource efficiency (3, 4, 23). Meanwhile, spatial
investigations of educational services have shown that unequal school distribution and inappropriate location patterns can
undermine social justice and generate substantial disparities among urban neighborhoods (2, 8, 9). These concerns are
particularly significant in Babol, a rapidly developing city whose population growth, central concentration of services,
environmental pressures, and uneven neighborhood development have complicated the balanced provision of upper secondary
schools (20, 22).

The principal objective of this study was to analyze the spatial distribution of upper secondary educational land uses in
Babol and determine the extent to which their existing location pattern contributes to the realization of a sustainable city based
on an ecological approach. The study was founded on the assumption that the sustainability of educational facilities depends
on the simultaneous consideration of environmental, social, physical-spatial, and sustainable accessibility and transportation
criteria. Accordingly, the conceptual framework treated schools as interconnected elements of the urban ecological structure
rather than isolated service buildings. The environmental dimension included school green-space provision, surrounding air
quality, surface permeability, insulation and energy efficiency, and waste management. The social dimension comprised
multifunctional use, safety and security, accessibility justice, and social interaction. The physical-spatial dimension
incorporated land area per student, compatibility with neighboring land uses, physical quality of buildings, building density,
and spatial aesthetics. Finally, the sustainable accessibility and transportation dimension addressed the share of green trips,
access to public transportation, travel safety, functional service radius, and accessibility for persons with disabilities. This
multidimensional framework is consistent with sustainable-city perspectives that emphasize environmental protection,
accessibility, equitable service distribution, public health, good governance, citizen satisfaction, green economic principles,
and the increased use of renewable energy (6, 16, 18). It also reflects ecological urban-development approaches that connect
public decision-making, efficient resource use, natural landscapes, social needs, and the organization of the built environment
(1, 14, 21). Three subsidiary propositions were therefore examined: environmental indicators are the most important ecological
criteria in determining school land use; environmental education in upper secondary schools is positively related to participation
in urban environmental protection; and appropriate school location is positively associated with the achievement of a
sustainable city.

This applied study employed a descriptive—analytical methodology with an integrated quantitative and spatial approach. The
statistical population consisted of residents of Babol and experts associated with urban planning, educational development,
environmental assessment, and spatial decision-making. Using Cochran’s sampling formula, 380 citizens were selected, while
30 experts were recruited through purposive sampling to provide informed judgments regarding the relative significance of the
proposed criteria and indicators. The required information was collected through documentary and library research, field
observation, site surveys, a researcher-developed questionnaire, pairwise-comparison questionnaires, and, where necessary,
interviews with citizens and specialists. Statistical analyses were conducted using SPSS and included descriptive procedures,
the one-sample Wilcoxon test, Pearson correlation, and Spearman rank-order correlation. Spatial analyses were implemented
in a geographic information system and included the preparation and integration of thematic layers, assessment of spatial
compatibility, evaluation of service radii and accessibility, network-based analysis, and identification of suitable areas for future

school development. The analytic hierarchy process and fuzzy analytic hierarchy process were used to weight and combine the
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environmental, social, physical-spatial, and transportation-related indicators. The use of fuzzy weighting reduced the rigidity
of conventional pairwise comparisons and permitted expert judgments to be represented under conditions of uncertainty. The
combined application of GIS and multicriteria decision-making has been recognized as an effective approach for evaluating
the compatibility, desirability, capacity, and spatial adequacy of educational facilities (8). The methodological design also
corresponded with studies emphasizing the need to connect school planning with sustainable architecture, ecological design,
flexible educational spaces, and environmentally responsible urban management (11, 15, 24). The final outputs included
indicator weights, neighborhood rankings, statistical tests of the subsidiary hypotheses, and a spatial suitability map identifying
ecological opportunities and constraints affecting upper secondary school locations.

The findings demonstrated that the current spatial structure of upper secondary schools in Babol does not follow a uniform
or balanced pattern and is characterized by substantial disparities between central and peripheral neighborhoods. The
environmental criterion received the highest normalized weight, 0.428467, followed by the physical—spatial criterion with
0.289782, sustainable accessibility and transportation with 0.170886, and the social criterion with 0.110864. Among the
nineteen indicators, surrounding air quality ranked first with a final weight of 0.163115, insulation and energy efficiency ranked
second with 0.104871, physical building quality ranked third with 0.098740, land area per student ranked fourth with 0.077966,
and school green-space provision ranked fifth with 0.074103. In contrast, social interaction, accessibility for persons with
disabilities, accessibility justice, functional radius, and spatial aesthetics received comparatively low rankings. Neighborhood-
level analysis revealed a pronounced spatial polarization. Neighborhood 1 ranked first in environmental, social, and
transportation criteria and shared the first physical-spatial rank with Neighborhood 6. Neighborhood 7 consistently occupied
the lowest position, particularly in physical-spatial quality, where its weight was only 0.028661. The environmental weight of
Neighborhood 1 was more than five times that of Neighborhood 7, indicating a serious imbalance in students’ access to schools
with favorable air quality, green space, and ecological conditions. The spatial suitability map further showed that several
existing schools were located in unsuitable or highly unsuitable zones, especially in dense central areas and along major
transportation corridors. Statistical testing supported the first subsidiary hypothesis because environmental indicators achieved
the highest overall weight. A significant positive correlation was also observed between environmental education and
participation in environmental protection (r_s = 0.659, p < 0.001), confirming the second subsidiary hypothesis. Furthermore,
appropriate school location was strongly and positively associated with sustainable-city achievement (r_s = 0.956, p < 0.001),
confirming the third hypothesis. Nevertheless, the principal hypothesis was rejected because the existing distribution pattern
had not yet produced an ecologically sustainable urban educational system.

The results indicate that the spatial concentration of schools in central areas of Babol has produced a center—periphery
pattern that conflicts with the principles of spatial justice, ecological balance, and sustainable accessibility. Although central
neighborhoods benefit from comparatively strong access and higher-quality physical facilities, their schools are frequently
exposed to traffic congestion, air pollution, noise, limited land area, and incompatible surrounding uses. Peripheral
neighborhoods, by contrast, suffer from inadequate service coverage, weaker infrastructure, limited active-transportation
options, and lower environmental and physical quality. These findings support earlier research demonstrating that the unequal
geographical distribution of schools can reproduce educational and social inequality and that GIS-based analysis is essential
for identifying underserved areas and unsuitable locations (2, 8, 9). The predominance of environmental criteria also confirms
that school sustainability cannot be reduced to the architectural quality of buildings alone. A school may have a structurally
adequate building while remaining ecologically unsustainable because of polluted surroundings, poor access, insufficient green

space, ineffective waste management, or dependence on motorized travel. This interpretation extends studies of green-school
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architecture by emphasizing the broader urban setting in which educational facilities operate (3, 5, 23). The strong relationship
between environmental education and participation also demonstrates that schools can function as generators of ecological
awareness and collective environmental behavior, thereby supporting the social dimension of sustainable urban development
(10, 12, 13). The exceptionally strong association between appropriate school location and urban sustainability further suggests
that educational planning should be integrated into comprehensive and detailed urban plans. Priority actions should include
improving schools in environmentally disadvantaged neighborhoods, strengthening pedestrian and cycling infrastructure,
reducing exposure to arterial roads, expanding green and permeable surfaces, enhancing energy performance, ensuring
accessibility for students with disabilities, and directing future facilities toward ecologically suitable underserved areas.

The study concludes that the existing spatial distribution of upper secondary schools in Babol is insufficiently aligned with
the requirements of an ecologically oriented sustainable city. The current pattern combines excessive concentration in several
central neighborhoods with inadequate provision and weaker environmental conditions in peripheral areas, thereby reinforcing
spatial inequality and limiting equitable access to sustainable educational services. Although environmental quality was
identified as the most influential dimension and appropriate school location exhibited a very strong relationship with
sustainable-city achievement, these priorities have not been fully reflected in the actual urban distribution of schools. The
present system therefore requires a fundamental shift from reactive and building-centered planning toward an integrated
ecological and spatial strategy. Future school planning should simultaneously address environmental health, physical quality,
compatibility with neighboring land uses, social equity, active transportation, public-transit access, safety, green-space
provision, energy efficiency, and the functional needs of students. Existing schools in unsuitable zones should be
environmentally upgraded where relocation is impractical, while new facilities should be directed toward underserved
neighborhoods and areas with greater ecological capacity. Through coordinated action among urban planners, educational
authorities, environmental agencies, and local communities, upper secondary schools can become active components of a

connected urban ecological network and contribute to a more balanced, inclusive, healthy, and sustainable Babol.
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