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Abstract: Neighborhood planning models are crucial for ensuring a balanced distribution of urban
services. Though the 15-min city model is the most updated neighborhood model, some gaps in the
literature on schools and walkability exist. This paper addresses these gaps, especially in developing
countries where servicing is challenging. This study focuses on evaluating school services through
the lens of the 15-min city model to investigate the socio-spatial distribution of school locations. This
research employs a multi-phase approach that integrates qualitative and quantitative methods to
develop a methodological framework that was applied to the case study of Nablus. As a result, this
study marks the gaps between implementing local schools and measures of the 15-min model in
terms of physical, functional, and socioeconomic urban characteristics, including density, diversity,
and proximity. It reveals the impact of local neighborhood planning on schools’ efficiency in social
sustainability, urban design quality, spatial coherence of schools, and coordination among schools
and other services. Potential reforms in planning are provided.

Keywords: 15-min city; neighborhood planning; schools; walkability; spatial distribution; urban
planning; GIS

1. Introduction

In developing countries, where resources are limited, the equitable distribution of
primary services is increasingly critical [1-3]. Most services are unevenly distributed based
on existing land use, leading to significant disparities: some areas are underserved, while
others are overserved [4,5]. Neighborhood planning models are crucial for ensuring a
balanced distribution of services [6-9]. However, these models are quite complex and
still need to be explored, particularly when planners face the challenges of dealing with
intricate contexts [10-16].

The neighborhood concept has been widely used in planning literature and practice,
referring to a spatially subdivided area in urban and rural contexts [17]. Neighborhood
planning emerged in the early 1900s after the Industrial Revolution to address the rapid
urbanization and significant population increase [18]. Clarence Arthur Perry introduced the
first diagrammatic representation of the neighborhood unit as a planning tool for metropoli-
tan cities [19]. Grown as a pioneering attempt at New Urbanism [20], the neighborhood unit
addressed how the most minor portion of the city, the neighborhood, could standardize
livability. The neighborhood unit concept, viewed from morphological and analytical
perspectives, focused on planned urban layouts emphasizing accessibility, proximity, and
distribution of services around the center that prioritize schools [21].

The model’s spatial arrangement has changed continuously, where qualities of ac-
cessibility, proximity, and distribution of services have been iterated from one model
to another to accommodate changes in transportation modes, contextual fitting, health
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and social reforms, and urban growth. Nickolaus Louis Engelhardt introduced further
developments to Perry’s neighborhood unit in 1942. Engelhardt reconsidered the maxi-
mum walking distance to elementary schools and suggested considering other types of
schools [17]. In 1980, Neo-traditional planning was established to address issues arising
from suburbanization and car-focused urban planning in American cities [22-25], which
included two models [26]: Traditional Neighborhood Development (TND) by Duany and
Plater-Zyberk and Transit-Oriented Development (TOD) by Peter Calthorpe. Afterwards,
came Doug Farr’s model, which integrated high-performance buildings and infrastructure
with walkable, transit-oriented urbanism to create a sustainable environment [27]. The
model prioritized the connection of human size to the urban-built environment in natural
systems [28]. The “15-min city” was introduced by Professor Carlos Moreno in 2016 [29],
proposing a framework where six decentralized social services, including schools, are
located within 15 min in neighborhoods [30]. While many of the model’s principles stem
from new urbanism [31], it is argued that it prioritizes walkability and cycling, in contrast to
previous neighborhood planning models [32]. The time-space relationship had transitioned
from a 5 min (in quarter-mile models) to a 10 min (in Neo-traditional) walk model to the
recent latest upgrade of introducing a 15-min model. The incremental increase is logically
justified to cope with population expansion and the associated urban growth in today’s
urbanism. The denser a neighborhood is, the more service sizes and types it requires;
therefore, the larger the responsive urban intervention becomes [33]. The 15-min city model
emerged from setting a core intervention on the unhealthy current mobility means and
mass production of automobiles [34]. Moreno suggested neighborhood planning that stim-
ulated people-based cities [34] to substitute current mobility means with active mobility
modes [35]. The 15-min model maximized user experience through walkability [36] while
maximizing social coherence [37-39] and incorporating renewable energies and automated
waste management [40,41].

The 15-min city model is based on four principles and six social functions [29]. The
principles of proximity, density, diversity, and digitalization are complementary to the
value of the city, and all of them are essential for the making of cities. A study in selected
neighborhoods in Naples was conducted to address these principles using physical aspects,
functional aspects, and socio-economic aspects [42]. Speaking about schools, the basis of
Perry’s model, some research papers suggest that schools, including their playgrounds,
can be potential mixed-use amenities that increase their activity period and usage for
maintaining the model [29]. In Paris, where the concept originated [34], the “children’s
streets’” initiative involves using parking plots of private cars in areas near schools for
seasonal activities [43].

However, gaps in the literature exist among the studies that were conducted. The
15-min city planning model has yet to specify any particular learning typology in the
literature. While learning services are crucial for all age groups, especially vulnerable
populations that require social inclusion [34], the model still needs to identify distinctions in
tackling these classifications. Until now, the literature on the 15-min model lacks regulating
categories of schools under the model [44], walking distance measures relevant to age and
gender [45], and does not address walkability in uneven terrains. Although schools are
recognized as essential services [46], the 15-min city planning model acknowledges a fair
distribution and an equal value of all service types. This explains why no literature shows
the impact of the 15-min planning model on setting specific innovative plans for schools.
Consequently, this paper aims to fill this gap, particularly in the context of developing
countries where service delivery is often most challenging. By investigating the socio-
spatial distribution of school locations, this research seeks to identify key deficiencies and
offer recommendations for improvement.

2. Materials and Methods

Building on the development of neighborhood service models and the spatial planning
of schools discussed in the literature, this paper introduces an assessment model for school
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services based on the 15-min city urban characteristics and principles. This model aims to
investigate the socio-spatial distribution of school locations. The research methodology
employed a multi-phase approach, incorporating both quantitative data (from secondary
resources, literature, and maps) and qualitative data (through semi-structured interviews,
surveys, and field observations). This comprehensive process progresses from data collec-
tion to analysis, ultimately leading to the results.

2.1. Data Collection

This research aims to investigate the socio-spatial distribution of school locations by
collecting data from multiple sources, as shown in Figure 1. The research process started
with semi-structured interviews with officials. Next, essential geospatial data were gathered
from official local sources to establish a foundation for spatial analysis. Demographic
data were obtained to enhance the spatial base with dynamic social information. Finally,
extensive surveys and observations were conducted to validate the data and add detailed
attributes, ensuring a comprehensive analysis.

Data Collection

Data Analysis

Identifying Regulations and Requirements
(Semi-structured Interviews)

. 4

Spatial Data Collection
(Geospatial Data)

3

Social and Demographic Data Collection
(Population and Social Dynamics)

Validation and Enrichment
(Extensive Surveys and Observations)

Functional Mapping principles and urban
characteristics of the model into selected
Urban schools
Characteri-
stics of the Physical
15-min city
Model
Socioeconomic Identifying gaps of 15-min city measures in
selected school
Proximity ‘
Principl Identifying suggestions and
of Fhe _15- Diversity recommendations to overcome local gaps
min city based on 15-min city measures
Model
Density

Figure 1. Research methodology.

The initial phase involved conducting semi-structured interviews with key officials to
explore the regulation of school locations and their spatial distribution. Interviews were
conducted with the ex-mayor of Nablus and employees at the Directorate of Education.
The discussions covered criteria for site selection, involved parties, spatial requirements,
and funding for current and future school constructions in Nablus.

Subsequently, geospatial data were gathered from the Palestinian Ministry of Local
Government Geospatial Portal (GeoMOLG), Palestine’s primary source of geospatial infor-
mation. These data included the locations of schools, nearby gardens, clinics, the number
of floors in buildings, slopes, and the quality of roads. The collected data were processed
using ArcGIS software (version 10.7) and served as the foundation for the analysis.

Demographic data, such as age, gender, education, refugee status, family type, and
family size, were obtained from the Palestinian Central Bureau of Statistics [47]. This
demographic information was then integrated into the geospatial data attributes to enrich
the analysis.

An extensive survey and observational study were then conducted to enhance the
geospatial data with more detailed attributes. Data about school type were verified by
direct contact. Validation also included documenting and updating physical and functional
urban characteristics. Urban attributes associated with mobility, roads, topographical
context, and commuting activity were investigated to cover the physical urban aspects of
the 15-min city. This includes details like sidewalks, their type and quality, staircases, ramps,
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signage, existing road conditions, and accessibility and equity measures. This study also
identified physical obstacles like street cracks, sewage, slopes, street finishing conditions,
and other details affecting the safety and adequacy of walkability and accessibility. This
process is related primarily to the investigation of the urban characteristics of the 15-min
city model, highlighted in Figure 1. The mentioned detailed attributes assess the quality of
the physical aspects of the 15-min city model and identify key factors for the inclusiveness
of the addressed methods.

Other observational studies supported the investigation of proximity, one of the
principles of the model. Walkability measurements were conducted using random sampling
based on observations at school locations, encompassing various categories of students and
groups, totaling approximately 30 individuals. This sample validates the data and adds a
social dimension to the spatial information. This has tackled assessing local walkability
by observing walking patterns, timings, shortcuts, and traffic. Actual speeds were also
compared to age group speed literature. The collection of these data emphasizes the
physical and subjective influences on walkability, which develops an understanding of the
current mobility practice. The results of the local walkability study generated the service
area needed for further spatial analysis used for comparisons and evaluations. Addressing
these relevant data contributed to the research model formation and application success.

Table 1 classifies the methods used to measure each urban characteristic and each
theoretical principle used for the assessment. Under each characteristic and principle,
associated sub-measures are listed, followed by an assignment of the source for obtaining
each. The classification of methods, as illustrated, assisted in establishing an organized
process for conducting this study.

Table 1. Data collection methods and key parameters.

Investigated Parameter Sub-Measure under Each Parameter Source of Each Sub-Measure
Mobility network Geomolg
Road type Geomolg
Physical Urban Characteristics Road condition Requires taking images
Traffic Long observations
Slopes Geomolg

Functional Urban Characteristics

Base from Geomolg + Verification by
Schools’ locations field observation
Requires taking images

Base from Geomolg + Verification by

Parks, Gardens, Clinics field observation

Socio-Economic (Demographics)

—Diversity

School type (primary, etc.)

School type (gender) Verification by calls and observing school signage

School type (private, etc.)

Proximity—Walkability

Walkability pattern

Walkability timings Long observation

Actual Speeds

Municipality stairs

Requires taking images

Street Obstacles
Number of floors Geomolg
Population PCBS
Density I
Accessibility

Requires taking images
Equity: Disability inclusion
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2.2. Data Analysis

Data analysis involved mapping and analyzing the principles and urban characteristics
of the 15-min city model, as shown in Figure 1. This process began by studying the urban
characteristics of the 15-min city model, focusing on schools” physical, functional, and
socioeconomic features. Functional aspects include school distribution and type; physical
aspects include mobility networks, parking areas, road types, and associated infrastructure
attributes; and socioeconomic aspects include demographic data [42].

After analyzing the model’s urban characteristics, the model’s principles were assessed,
including examining school proximity, diversity, and density data.

Proximity refers to the walking distance and time from and to schools. All locations
hosting fundamental human interactions and liveability requirements should be close and
accessible from each household [34].

Density is about integrating an optimal denser user rate in the spatial distribution of
services [34], respecting the diverse needs of the local community. Density would enlarge
the potential for investments, integration of businesses, and promotion of local services
and employment opportunities [30].

Diversity consists of mixed-use, diverse bases of residential, commercial, recreational,
educational, medical, and communal services [29]. The access network to these services
includes diverse urban design interventions to maintain proper proximity considerations.
Those interventions can also embrace the diversity of cultures, age groups, and genders of
people to maintain social cohesion and inclusion [34].

Digitalization offers a technological network chain to facilitate accessibility routes to
services. One application of the transferred information system is obtaining urban safety in
the urban built model [29].

The analysis of this research study was divided into two parts: visual and numeric.
Quantitative mapping of each urban characteristic and theoretical principle was conducted
using ArcMap software. Buffer areas were visualized using the buffer (analysis) tool, and
density was mapped using the kernel density tool. Differences in visual representation
were controlled via the Symbology tab. These visual data, which included the mapping
of the 15-min model’s principles and characteristics, helped identify graphical gaps in
planning implementations. Geographical information on the location, quality, and quantity
of schools, parks, clinics, streets and road networks, parking areas, slopes, and contours
was collected and analyzed using GIS mappings. Service areas for schools were generated
through GIS by specifying the distance radius and the center of the service area.

Numeric values associated with built-up densities of neighborhoods were processed
spatially using GIS. This involved specifying buildings and their population data. Pro-
jections were calculated to account for recent changes, using an estimated growth rate of
2.56%. The formulas used were as follows: Estimated Growth = (Rate of annual growth x
Original figure x Number of years gap) and Projection = Estimated Growth + Original fig-
ure. A raster map was produced to indicate how density changes from one area to another.
Numeric values related to walkability observations were analyzed using the Euclidean
distance model [48-51], comparing the calculated walkability distances of different age and
gender groups to address gaps in the model’s walkability measures.

The paper establishes a connection between the two dimensions of urban characteris-
tics of the 15-min city and the principles of the theoretical framework, despite their separate
offerings. Building upon existing data collection and analysis, this paper develops an
investigatory, tangible methodological framework model, as Figure 1 explains.

3. Results
3.1. Case Study

The proposed methodology was applied to the city of Nablus, Palestine. This city does
not have organized urban planning and mainly depends on topography and jurisdiction to
expand spontaneously [52]. Kendall (a British planner) established the first master plan for
Nablus in 1947 [53]. Subsequent master plans lacked neighborhood planning, especially in
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service allocation [54] and other associated urban attributes such as visibility, walkability,
etc. [55]. The city’s latest approved master urban plan was established in 2013 but was not
updated to meet the needs of population growth and urbanization [52].

The location of schools is set by several measures, including closeness to green or
sports areas, privacy and segregation, accessibility through walkability, and accessibility
from main and local streets [56,57]. However, on a practical scale, the planning of schools
is constrained by the capability of funding and land ownership. Thus, existing schools’
location and spatial measures do not necessarily coincide with local planning regulations.
This paper investigates the impact of the existing planning on the servicing of schools.

Four neighborhoods—Al-Andalus, Al-Mohandeseen, Al-Taiba, and Nablus Al-Jadeedah
(Figure 2)—were selected to investigate the spatial qualities of their schools within 15 min of
active mobility. Cycling was excluded as the local citizens rarely rely on it for accessibility;
hence, the paper focused on commuting by walking.

Figure 2. Location of selected neighborhoods in Nablus.

The selection basis of the research areas includes neighborhood groups with different
built-up densities and residential typologies, indicating different economic states of high-
and middle-income residents. The municipality officially adopts those neighborhoods,
and their boundaries are verified by the PCBS (set for local council election). This study
targets students of three age groups: kindergarten students (ages 0 to 4), primary students
(grades 1st to 9th)—ages (5 to 15), and secondary students (grades 10th to 12th)—ages
(16 to 19). This study considers these different school levels to develop a holistic social
investigation. The significant differences in the walkability measures of these groups allow
for an in-depth analysis of how inclusive the 15-min city concept is.

The following section presents the application and the analysis of the assessment
model’s measures. Gaps in the assessment are presented in the discussion.

3.2. Investigating Learning Urban Characteristics

Al-Andalus has 16 schools, Nablus Al-Jadeedah has 4, Al-Mohandeseen has 2, and
Al-Taiba has none. Figure 3 indicates the schools’ closeness, density, and geographical
distribution in the selected neighborhoods. Table 2 provides information on the names,
administrative types, and targeted students’ gender and age groups of each school. The
highest targeted school type is kindergarten, and the highest targeted student’s gender is
mixed. Most of the schools are governmental, and most private schools are kindergartens.
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Figure 3. Location of schools in selected neighborhoods.
Table 2. Detailed description of schools.
Neighborhood Ref School Name Age Category Gender Category School Type
Kindergarten .

1 Leaders school Primary (Lst to 5th grade) Mixed Governmental

Nablus 2 Oxford Academy Kindergarten Mixed Private

Al-jadeedah . Primary (1st to 4th grade) Mixed
3 Naser Alledawi Primary (5th to 7th grade) Female Governmental
4 Yousef Al Barqawi Primary (5th to 9th grade) Male Governmental
Kindergarten Mixed .
Al Mohandeseen 5 ABC Primary (1st to 3rd grade) Mixed Private
6 Coloring box baby day care Kindergarten Mixed Private
Pri 8th to 9th grad

7 Latifa Dawood Al-Saifi Srélcr;?zl’ei(ry (1((J)th togII;hs) Male Governmental

Step by step Kindergarten Mixed Private
9 Omar Al Aloul Primary (1st to 4th grade) Female Governmental

. Primary (5th to 9th grade)
10 Jamal Omar Almasri Secondary (10th to 12th) Female Governmental
Pri 5th to 9th grad

11 Saeed bin amer Srgcrz)arfc}l’a(ry (18 th togfzaths) Female Governmental
12 Haseeb Al Sabagh Primary (1st to 4th grade) Male Governmental
Al-Andal 13 Omar bin Alkhattab Secondary (10th to 12th) Male Governmental
-Andatus 14 Aesha Kindergarten Mixed Governmental
15 Al makhfia Primary (5th to 9th grade) Male Governmental

16 Little genius Kindergarten Mixed Private

17 Hand in Hand Kindergarten Mixed Private
18 Zahraa Kindergarten Mixed Governmental
19 Ahl Al-Quran Kindergarten Mixed Governmental
20 Al Ahd Kindergarten Mixed Governmental
21 Riyad Al saleheen Kindergarten Mixed Governmental

22 Baby zone Kindergarten Mixed Private

23 Takween Kindergarten Mixed Private

3.3. Investigating Physical Urban Characteristics:

Investigating the physical urban characteristics of the research areas emphasizes the
correlation between walkability and accessibility. Some physical attributes interfering
with accessibility are covered: road condition and type, availability of sidewalks, stairs,
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ramps, crosswalks, topographic levels, etc. Walkability, convenience, walking speed, and
urban infrastructure change depending on the concentration of these attributes. These
aspects indicated the general evaluation level of walkability and the influence of the built
infrastructure on the activeness of students walking to the assigned schools.

Table 3 provides the studied physical urban characteristics. It compares the 23 schools
and summarizes the spatial and validation results of the surrounding road infrastructure,
the needed services, and the accessibility condition of each school. Figure 4 illustrates the
location of schools and road conditions in the neighborhoods based on the collected spatial
data. Figure 5 illustrates the road types in the study area.

Table 3. Walkability and physical urban characteristics of the selected schools.

. X o1 ot Nearby Nearby
Neighborhood Ref School Name Road RO?d. Traf.ﬁ'c Walkability ACCeSS{b.lllty Healthcare (Garden)
Name Type Condition Condition Obstacles Condition o s
within 100 m  within 100 m
Street cracks,
1 Leaders school Internal paved Low sewage, rocks, No sidewalks _ _
garbage collector
2 Oxford Internal paved Low Street cracks No sidewalks _ _
Academy
Nablus Street cracks,
Al-jadeedah 3 Naser Alledawi Internal paved Low minor slope, Existing sidewalks _ _
rocks
No sidewalks,
4 Yousef A.l Internal paved Low Strget cracks, Leveled with _ _
Barqawi mild slope N
o ramp
Street cracks,
5 ABC Internal paved Mild minor slope, No sidewalks _ _
Al sewage
Mohandeseen Colorine box Street cracks,
6 b & Internal paved High Minor slope, Existing sidewalks _ _
aby S )
ewage, Stairs
Lutfia Dawood . Street cracks, L .
7 Al-Saifi Internal paved Mild mild slope Existing sidewalks _ _
. Street cracks, . .
8 Step by step Internal paved Mild mild slope Existing sidewalks _ _
Existing sidewalks,
9 Omar Al Aloul Internal paved High Street cracks Existing crosswalk, _ _
Existing signage
Jamal Omar . Street cracks, Existing sidewalks,
10 Almasri Internal paved Mild Strong slope Existing crosswalk - -
Existing sidewalks,
11 Saeed bin amer Internal paved High Street cracks Existing crosswalk, _ _
Existing signage
Street cracks, . .
12 Haseeb Al Internal paved High Neglected Ex1‘st1.ng sidewalks, YES YES
Sabagh ; Existing crosswalk
parking land
Omar bin No sidewalks,
13 Internal paved High Street cracks accessible from YES YES
Alkhattab RS .
municipality stairs
Existing sidewalks,
14 Aisha Internal paved High Street cracks Leveled with YES YES
Al-Andalus No ramp
Street cracks, Existi idewalk
15 Al makhfia Internal paved High Minor slope, XIStng sidewalis, _ _
Existing crosswalk
Garbage collector
16 little genius Internal paved High ig_:t iC;laa ilfg’ Existing sidewalks YES _
Mild slope,
17 Hand by Hand Internal paved High Neglected Existing sidewalks YES YES
landscape
18 Zahraa Internal paved Mild Street cracks Existing sidewalks _ _
Street cracks,
. Strong slope, .
19 Ahl Al-Quran Internal paved Mild Neglected No sidewalks _ _
landscape
No sidewalks,
20 Al Ahd Internal paved Mild _ Leveled with YES _
No ramp
. Existing sidewalks,
21 Riyad Al Internal paved High Sewage Good streetscape YES _
saleheen >
material
22 Baby zone Internal paved Mild Stre;et cracks, Existing sidewalks _ _
mild slope
23 Takween Internal paved Mild Street cracks, Existing sidewalks _ _

mild slope
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Road Condition
‘@ Unpaved Road
‘s Dirt Road

= Paved Road

e

-
Road Type

=== |nternal Roads
s | 0Cal Roads

= Main Roads

Figure 5. Road types in selected neighborhoods.

All schools are accessed from internal and paved roads, indicating good infrastructure
and accessibility. The slope and contour maps in Figure 6 show variations in the neighbor-
hoods’ topographic heights. Three schools, among sixteen in Al-Andalus neighborhoods,
lie within the high slope values; two schools are within the mild slope, and the remaining
eleven are within the low slope. On the other hand, three schools in the Al-Jadeedah neigh-
borhood lie at mild slope levels, and only one school is at low slope levels. The two schools
of Al-Mohandeseen lie on high slopes. Table 3 specifies schools with challenging slopes
around, which indicate the challenges in accessibility.
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Figure 6. Schools within the slope values of the selected neighborhoods.

3.4. Socioeconomic Investigation

Table 4 provides the socioeconomic data for each neighborhood in ascending order
of five-year age gap: (0—4), (5-9), (10-14), etc. The Al-Andalus neighborhood has the
highest population among other neighborhoods, and Al-Taiba has the least. Generally, all
neighborhoods include more males than females, except for the Al-Taiba neighborhood. For
the age category, kindergarten students score the highest among the other student categories
in all neighborhoods, except for Al-Taiba, where ages (15-19) score the highest. Regarding
educational status, the Al-Andalus neighborhood has the highest number of educated
residents, while Al-Taiba has the least. Generally, the number of non-refugees exceeds the
number of refugees across all neighborhoods. Most families in all neighborhoods are four,
except in Al-Taiba, where most families are six.

Table 4. Data on the selected neighborhood population (PCBS, 2017).

Aspects Andalus Mohandeseen = Taiba  Nablus El Jadedah
Female 6653 940 280 1801
Gender Male 6786 995 267 1839
0-4
Female 713 87 11 322
Male 793 140 11 212
5-9
Female 713 92 19 299
Male 725 107 19 283
10-14
Age Group Female 641 99 23 270
Male 716 103 19 288
15-19
Female 671 113 33 294
Male 705 97 39 288
19+
Female 3903 443 194 616
Male 3779 548 178 668
Uneducated 79 9 1 149
Primary 1539 193 1 342
. Secondary 2465 302 74 496
Educational High school 1990 287 106 407
Status Bachelor and more 2705 484 219 377
Diploma 738 108 23 201

Unknown 2 0 0 142
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Table 4. Cont.

Aspects Andalus Mohandeseen  Taiba  Nablus El Jadedah
Registered refugee 2489 233 96 530
Asylum Unregistered refugee 223 25 10 300
Status Not refugee 10683 1673 439 2562
Unknown 2 0 0 250
2 354 65 24 154
3 409 71 23 144
4 616 85 25 190
5 603 82 41 177
Family Size 6 501 68 36 180
7 257 35 17 154
8 77 11 6 130
9 38 5 1 120
10+ 9 3 1 50
Nuclear 2625 397 157 705
Family type Extended 231 27 17 430
Complex 9 1 0 200

The walkability of these social groups may differ based on the location of housing and
the closeness to schools.

3.5. Proximity Investigation

Results of local walkability observations found that kindergarten students usually
walk with a guardian, who would rather drive to the school and walk from parking within
a maximum distance of 100 m. Male students walked faster than female students in both
individual and group patterns. Both male and female students tended to walk slower
in groups than individually. Secondary school students walk faster than primary school
students for both male and female students. Government school students tended to walk
more than private school students.

These results obtained from observations of local walkability patterns are compared
with the literature on walkability, presented in Table 5. Several researchers tackled the
average speed of different age groups, which the paper aimed to verify. In the literature,
1.15 m per second was set as children’s speed mean [58], 1.30 m per second for ages (5 to
15) [59], and 1.36 m per second for young adults (16 to 19). Such a base puts the walking
distance at 1015 m in 15 min for ages 0 to 4, 1170 m in 15 min for ages 5 to 15, and 1230 m
in 15 min for ages 16 to 19. The comparison of local walkable (distance/15 mins) to that in
the literature brought out two statements. First, the walkability of local secondary school
students is higher than that assigned in the literature. However, it remains the same for
primary school students.

The local average walkable distance (m/15 min) was used as a service buffer area
centered from each corresponding school. The calculated buffer area is used for the visual
study of servicing in the sub-section of (E. Diversity investigation), where the service area
of schools took into account the variation in walking distance associated with age groups
and gender, together with speed alteration caused by the topographic nature of the city.
This process aimed to develop a service buffer area related to local walkability patterns.
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Table 5. Results of local walkability.
. Reference Average Average Average Average
Sample Estimated Estimated ES tlmatefi Level 0 f from the Average Buffer Buffer Buffer Buffer Buffer
e School Type - . Distance in Walkability . . . .
Identification Distance (m) Time . Literature (Kindergarten) (Primary, (Primary, (Secondary, (Secondary,
15 min Obstacles . . .
(m/15 min) Girls) Boys) Girls) Boys)
Kindergarten Walk with a guardian 1015
Individual- Primary 186 m 180s 930 m Mild 1170
Female
Secondary 40 m 22s 1636 m Low 1230
Kindergarten Walk with a guardian 1015
Ind;/x[/;ileual— Primary 60 m 34s 1588 m Strong 1170
Secondary 127 m 60s 1905 m Mild 1230
Kindergarten Walk with a guardian 1015 Rest1.~1cted to
¢ walking from
Group (of 2+) Primary 80 m 90s 800 m Mild 1170 surrounding 865 m 1281 m 1575 m 1892 m
Female Second 37 2 1513 L 1230 parking area
econdary m s m ow (100 m)
Kindergarten Walk with a guardian 1015
Group (of 2+) Male Primary 65 m 60 s 975 m Low 1170
Secondary 167 m 80s 1879 m Low 1230
Kindergarten Walk with a guardian 1015
Mixed Group Primary 220 m 210s 942 m Mild 1170
Secondary Culturally constrained 1230
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3.6. Diversity Investigation
3.6.1. Gender

Figure 7 displays a map showing male and female schools. Seven male schools’
service areas are shown (four in the Al-Andalus neighborhood, four in Nablus Al-Jadeedah,
and two in Al-Mohandeseen). These schools’ service areas are spread across the four
neighborhoods. The map indicates that male schools are mainly in the northwest.

(a) (b)
Figure 7. Service area for school types by gender in selected neighborhoods: (a) male and (b) female.

The service areas of nineteen female schools are also spread across the same neigh-
borhoods. The map indicates that most female schools are located northwest of the study
area. This may suggest that female walkability is highly practiced there. Due to the ratio of
female schools to male schools, the frequency of female walkability may be higher than
that of males in this neighborhood.

According to the population pyramid table, Al-Andalus has the highest male and
female populations. Therefore, it was expected to have the neighborhood with the most
responsive schools, which indicates the skewness of school attractiveness.

3.6.2. Age Group

For children aged 04, Figure 8a shows ten kindergartens in Al-Andalus, two in Al-
Mohandeseen, and two in Nablus Al-Jadeedah. These schools only cover a limited area of
100 m, which aligns with this age group’s walkability. According to the population pyramid
table, Nablus Al-Jadeedah has the second-highest number of children aged 04 after Al-
Andalus. Hence, the need for kindergartens in this area matches the distribution hierarchy.

(b)

Figure 8. Service area for different school types by age category in selected neighborhoods: (a) kinder-
garten, (b) primary, and (c) secondary.

For children aged 5-15, Figure 8b shows that primary schools are distributed across
all four neighborhoods. There are six primary schools in Al-Andalus, two in Nablus Al-
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Jadeedah, and one in Al-Mohandeseen. The schools in Al-Andalus are more attractive to
students, resulting in a skew towards the northwest.

For those aged 16-19, Figure 8c shows that the service area of secondary schools needs
to be completely covered in Nablus Al-Jadeedah. The three secondary schools in the four
neighborhoods are located in Al-Andalus, where the highest number of residents aged
16-19 live.

3.7. Density Investigation

Population and built-up density refer to service allocation. Investigating density
assists in assessing the quantity of services suitable for the population size.

Figure 9 indicates that the density in Al-Andalus is higher than in other neighborhoods
due to the higher number of built-up areas and residents compared to neighborhood size.
More schools are located in the densest neighborhoods, which matches the local planning
reality of distributing more services according to population size. Still, this can only be
generalized to some schools in other neighborhoods. Density can increase diversity in
demographics, opting for more diversity in educational status, family size, family type, etc.
However, in the local context, it may not result in diverse, responsive services.

Figure 9. Built-up densities within selected neighborhoods.

4. Discussion

After conducting school assessments using the developed methodological framework,
this part discusses the gaps in measures in existing local schools.

4.1. Gaps to Physical Urban Characteristics and Functional Urban Characteristics

Most investigated parameters show that the school service area covers the four neigh-
borhoods. However, expanding the servicing boundaries from one neighborhood to another
could be more practical for several reasons. One is the gap between physical characteristics
and the school’s required urban design. Schools lack urban security, which is evident from
the lack of identification signs, speed limit signs, speed bumps, and crosswalks, which
distort patterns of accessibility. The ease of moving from one neighborhood to another fills
this gap.

Compared to other neighborhoods, Al-Andalus has more schools, greenery, healthcare
facilities, and residents of all ages and genders, meeting the principles of proximity, diver-
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sity, and density of the 15-min city. However, the school district requires road transforma-
tion to create a walkable and people-based area that respects physical urban characteristics.
This will lead to better holistic learning services and a better layout for diverse gender types
and age categories. Local students’ social connections can be enhanced through walkable,
sustainable, and safe boulevards.

4.2. Gaps to Socioeconomic Urban Characteristics, Density, and Diversity

Spatial analysis shows no connection between the distribution of schools and other
services or densities in the neighborhoods. Some land parcels with the same density have
more schools than others, often indicating over-servicing in some areas. The number of
schools assigned to neighborhoods based on population (on planning) and land ownership
(on practice) needs to be more cohesive with the size and boundary of the neighborhood;
otherwise, it leads to an unequal and sometimes insufficient number of schools per neigh-
borhood. This occurred in the Nablus Al-Jadeedah neighborhood, where the service area of
secondary schools (16-19 age groups) is weak.

Though diversity exists in schools” age and gender categories, students lack space for
fundamental hybrid interactions, social sustainability, and daily after-school activities. The
paper acknowledges diversity in demographics but excludes diversity in learning services.
The latter can become part of future investigations.

4.3. Gaps to Accessibility, Proximity, and Distribution

Although the analysis showed that the service area of selected neighborhoods has
15-min accessibility, it does not necessarily mean that the schools are sufficient for residents
of each neighborhood. Local schools welcome students from other neighborhoods, and
it is unknown if the students residing near the schools have priority over others. This
ratio can vary from one school to another. Similarly, the 15-min planning model does not
specify if schools are only for residents of those neighborhoods or if residents of other
neighborhoods are allowed, as long as the accessibility to both is within 15 min. This is
a particular shortcoming of the 15-min model in Palestine. To address this, a policy on
the registration of students in schools can be implemented. Students residing in the same
neighborhood as the schools might have priority in registering. This creates an indirect
restructuring of the walkability culture.

Regarding walkability, the 15-min measuring model analyzed the empirical case and
developed visual outputs of each measure. However, walkability in the local context is
a dynamic input to the model. Local walkability usually relies on habits and physical
infrastructure. Given the irregular building arrangements in existing neighborhoods, it
is challenging to predict the commuting patterns or the adequate means of mobility and
accessibility from each house to each school. It must be noted that walking to a place can
differ based on habits, subjective preferences, and physical factors influencing walkability
and convenience. Moreover, walkability is initially a culture that society lacks, and the
topographic nature and the city’s physical infrastructure have an impact on increasing it.

Comfort, which can be depicted based on the provision of greenery and shading
devices, is another aspect that affects the flow and tendency of walkability. Safety is an
aspect that is considered, especially for elders and kids. Though not controlled, climate
only affects the physical environments around buildings; it restricts walkability, especially
for those of long distances. These issues can be studied extensively under future research
on walkability to ensure a 15-min walk to schools in different circumstances. Operating a
well-studied road transformation with tactical urbanism and constructing a walkability
guide for residents during different timings, days, and seasons is paramount.

It took much work to detect the spatial organization of schools, particularly the spatial
relation of school location to the neighborhood boundaries. This impacts proximity to
schools in some areas and raises issues in the local service distribution, especially the link
of other services to the schools.
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5. Conclusions

This study addressed significant gaps in the literature on school services within the
15-min city planning model, mainly focusing on the unique challenges faced in developing
countries where service provision often needs to catch up to urban growth. By creating a
comprehensive assessment framework, this research evaluated the socio-spatial distribution
of school services, highlighting how current neighborhood planning practices fall short of
supporting efficient, accessible, and equitable education infrastructure. The findings reveal
that inadequate planning leads to a random distribution of schools, negatively affecting
their walkability and overall accessibility, consequently impacting social sustainability,
urban design quality, spatial coherence, and coordination with other urban services.

This study’s analysis demonstrated stark contrasts between neighborhoods, illustrat-
ing how Al-Taiba’s lack of schools is somewhat mitigated by the presence of schools in
adjacent neighborhoods, enabling reasonable access despite local deficiencies. Conversely,
Al-Andalus, with a higher number of schools, still needs to improve due to the poor condi-
tion of physical infrastructure, which prevents optimal service delivery and undermines
the potential benefits of a high school density. These examples underscore the importance
of not just the number of schools but also the quality and connectivity of the supporting
infrastructure that allows these schools to function effectively within the community.

From these findings, it is clear that improving school service efficiency requires more
than just increasing the number of schools; it necessitates strategic spatial neighborhood
planning and targeted infrastructure enhancements. Practice recommendations include re-
distributing schools to match neighborhood needs better, which involves relocating schools
from overserved areas to underserved ones and reorganizing schools based on specific
criteria such as age groups or gender to serve the population better. Additionally, infrastruc-
ture improvements, such as safe walking paths, adequate lighting, and accessible public
transport links, are critical for making schools more accessible and aligning with the 15-min
city concept. Furthermore, schools could be repurposed as multifunctional community
hubs that provide after-school programs, support services, and job opportunities, thereby
enhancing their role in promoting social sustainability and community engagement.

This study also suggests that planning reforms should consider the adaptation of
underutilized public buildings and open spaces for educational purposes, thereby extend-
ing the utility of existing infrastructure and addressing service gaps without the need for
extensive new construction. For instance, neighborhoods like Nablus Al-Jadeedah, which
are currently underserved, could greatly benefit from these adaptive strategies, which
would provide immediate solutions and stimulate the development of supportive public
infrastructure such as playgrounds, parks, and community centers. These changes would
help create a more cohesive urban fabric where educational facilities are integrated into
residents’” daily lives, contributing to the overall goals of the 15-min city.

To ensure the effectiveness of these strategies, it is vital to incorporate regular assess-
ments and updates of neighborhood planning models. This includes using local, sustainable
neighborhood assessment tools, such as the NSA models [60], to continuously evaluate
walkability, accessibility, and the broader social, environmental, and physical attributes of
school services within the urban context. These periodic reviews will help urban planners
and policymakers adapt to changing conditions, such as population growth, shifts in de-
mographic needs, and evolving urban landscapes, thereby ensuring that the planning of
school services remains relevant and practical.

For future research, there is a need to explore innovative architectural and urban
design paradigms that further integrate the principles of the 15-min city into the spatial
planning of schools [61]. This could include investigating new forms of school designs that
are more flexible, sustainable, and capable of adapting to various urban settings. Expanding
this study to other cities within Palestine and beyond would also provide valuable insights
into how different urban contexts influence the effectiveness of the 15-min city model in
school service provision. Moreover, exploring the integration of digital technologies, such
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as GIS mapping and real-time data analytics, could enhance the precision and adaptability
of planning tools used to optimize school locations and service delivery.

While the developed assessment model is a powerful tool for improving school service
distribution within the 15-min city framework, its success is inherently linked to broader
external factors. These include land ownership complexities, existing infrastructure condi-
tions, financial and institutional capacities, and the dynamic nature of urban environments.
Therefore, a one-size-fits-all approach is unlikely to succeed; each neighborhood must
be treated uniquely, with solutions tailored to its specific characteristics and needs. By
conducting regular reviews and adjustments of planning strategies, aligning them with
sustainable neighborhood assessment models, and preparing for potential expansions in
response to population growth, urban planners can better support the evolution of cities
into more livable, accessible, and sustainable communities.
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