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Abstract: This paper delves into the critical issue of youth suitability in the public primary school
campuses in Shenzhen Central District, China. Youths constitute a crucial part of the urban population,
contributing greatly to social wealth; thus, considering their needs and well-being is imperative in
the urban planning and development process. The paper employs a comprehensive Python script
tool, based on ArcGIS, that is augmented with an empirical investigation and data from the statistical
yearbook in order to conduct a meticulous evaluation of the youth suitability of primary school
campuses. The results of the study reveal spatial differences in the youth suitability of primary
school campuses, with the suitability diminishing from the district’s inner areas to its outer regions.
Additionally, the study unearths that primary school campuses in the Shenzhen Central District
are generally stratified, and that the campus service space could be appropriately categorized into
several groups based on the dual criteria of accessibility as well as youth suitability. Finally, this study
provides illuminating decision-making suggestions for optimizing the youth suitability of primary
school campuses in Shenzhen Central District, highlighting the crucial role of education policies,
regional economic development, and campus infrastructure improvements in nurturing inclusive,
vibrant, and sustainable urban environments.
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1. Introduction

The potential of the youth to shape the trajectory of sustainable urban development
is undeniable [1]. As a crucial component of the urban fabric, they possess the ability
to contribute to the social wealth of a city in ways that are both tangible and intangible.
It is, therefore, imperative to equip the youth with the necessary resources to navigate
the complexities of urban living [1,2]. Ensuring that public primary school campuses
are tailored to the needs of the youth is a vital step towards achieving this goal. By
providing them with access to safe and stimulating indoor and outdoor spaces, study, sports,
recreational facilities, and other vital amenities, we can empower them to realize their full
potential [3,4]. This can help create a virtuous cycle of sustainable urban development that
benefits all members of the community [5].

In the realm of urban planning and design, the issue of ensuring the suitability of
public primary school campuses for the youth has become increasingly pressing [6]. Early
research in the 1970s and 1980s placed considerable emphasis on the internal attributes and
infrastructure of school buildings, including the dimensions of classrooms, their arrange-
ment, lighting, and ventilation, which were conducive to the physical and educational
growth of students [7,8]. Since then, the concentration on the classroom setting has been
predominant and an increasing number of scholars have started to examine the effects of
internal classroom design. However, more recent scholarship has called attention to the
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external spaces and amenities of school campuses instead of merely focusing on the internal
settings of classrooms, including playgrounds, sports fields, gardens, and other recreational
areas that are tailored to the needs of the youth. Scholars have underscored the importance
of establishing safe, inclusive, and accessible outdoor spaces that foster physical activity,
social engagement, and environmental awareness among students [9]. Initiatives such as
these do not only intend to enhance the quality of study life and the educational outcomes
of youth, but also to greatly contribute to the sustainable development of urban society.

The concept of a “sustainable city” emerged relatively recently, in 1997, as a holistic
approach to urban development that prioritizes equity, aesthetics, innovation, environ-
mental stewardship, and efficient communication [10,11]. This paradigm shift towards
sustainability has gained momentum in recent years, with some scholars hailing it as an
exemplary model for achieving sustainable development goals [12]. However, while the
pursuit of sustainable urban development aims to enhance the quality of life for all urban
inhabitants, including the youth, it is crucial to recognize the unique challenges and oppor-
tunities presented by young populations [13]. Sustainable development strategies are the
only viable path towards solving the problems faced by the youth and realizing sustainable
development for humanity; therefore, it is imperative to investigate how cities can adapt to
the needs of youth populations in the context of sustainable urban development.

Providing health and well-being care to urban children while maintaining a sense of
community is one of the most key functions of public primary schools. Recent research
has demonstrated the importance of designing school campuses to meet the diverse needs
of children, considering factors such as their study interests [14,15], social behaviors,
and personalities [16]. However, urban children suffer grave consequences when spatial
disparities are ignored when it comes to sustainable development and quality of study
life, as several other significant factors, including accessibility, of school campuses are
overlooked [17]. As schools in certain areas are less suitable, children may need to travel to
distant high-quality schools, exacerbating traffic congestion, reducing their quality of life,
and impeding sustainable urban development [18]. Therefore, a sustainable urban planning
approach should not only focus on improving the suitability of individual schools but also
prioritize the principles, proposed by the European Union, of “beauty”, “inclusiveness”,
and “sustainability” to ensure the rational and scientific distribution of resources as well as
to promote the renovation of living spaces [19].

As a result, it is noteworthy that little attention has been paid to the spatial differences
between different types of cities or certain types of schools in terms of the neglected essential
factors for youth suitability when it comes to the concept of a sustainable city. In order
to bridge the existing research gap, this study conducted a comprehensive evaluation of
97 school campuses situated in the bustling Shenzhen Central District in order to evaluate
the suitability of school campuses through more comprehensive and systematic approaches
when compared with the ones applied by previous studies. By examining the characteristics
and root causes of the spatial disparities in the youth suitability of these campuses, the
research not only sheds light on the impact of such differences in the public-school service
on local residents, but also provides informed recommendations and valuable insights for
scientific decision making aimed at enhancing the youth suitability of school campuses in
Shenzhen and other metropolitan cities. Ultimately, this study aims to foster sustainable
development and optimize the well-being of urban youth through the promotion of optimal
school campus design [20].

2. Related Literature

Although a standardized definition of a primary school campus is yet to be estab-
lished, it is widely recognized that primary schools play a crucial role in meeting the daily
educational and social needs of urban children. As Scarfò, F et al. [21] pointed out, it is
generally accepted that the greatest distance between primary schools and residential areas
should be 0.2 km to 0.5 km, but there is less agreement on the standard school campus size.
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Accessibility to primary schools not only reflects the cost (in terms of time, distance,
energy, etc.) of children (some escorted by their parents) traveling to and from school, but
it also reveals the rationality and fairness of the spatial arrangement of the public primary
school system [22–24]. Youths, as a group, are particularly vulnerable to issues surrounding
access and mobility; these can impact their physical and mental health. Thus, accessibility
is a crucial criterion for assessing the suitability of primary schools for urban children. A
number of studies have identified three primary factors that influence the accessibility of
primary schools: first, the attractiveness of the school, such as the quality of the campus
environment [25], cultural and historical significance, natural setting, size, and available
facilities; second, the specific requirements and attributes of distinct student cohorts, such
as their developmental stages and socioeconomic backgrounds, must be taken into account;
and third, the presence of physical barriers, such as busy roads or rivers, which may hinder
access to the school [26].

You, W et al. posited that the appropriate extraction and simplifying representa-
tion of spatial objects, such as primary schools, is the main concern when assessing the
accessibility of primary schools. Representing a primary school by its geometric center
(or centroid) [27–33] or its boundaries [34] can result in an over- or underestimation of
primary school accessibility. In addition, several papers argued that the real entry point
of the primary school should represent the school campuses. However, we assert that
this methodology is too complicated and may substantially decrease the efficiency of
the evaluation.

The scholarly works cited [13–19] reveal the more stringent demands of the youthful
population for primary school campuses as opposed to their elder counterparts, elucidating
several predilections of the youth for distinct features of the school campus (incorporating
spatial and non-spatial aspects). In the same vein, Schatzmann, M. et al. [34] posited that
functional requisites, the study conditions, suitable fencing, and administrative measures
were the key elements for improving the suitability of microspaces for the youth through a
survey of urban microspaces (consisting of 22 factors relating to site, layout, and settings).
Drawing on the sociological and physical characteristics of children, Wang, X. et al. [22]
postulated that a comfortable, identifiable, safe, spatially diverse, and communicative
environment is critical for assessing the suitability of urban primary school campuses for
children. According to Eastern, J.R. [23], accessible amenities, adequately illuminated and
spacious classrooms, appropriate space scale, restful seating, restrooms, and shelter (ideally
waterproof) are the hallmarks of youth-centered primary school campuses.

In accordance with the geographic demarcation of the study area, this research has
handpicked primary schools that conform to the “Standard Classification of Public Primary
Schools in China” as the focal point of the study. These selected primary schools are
characterized by being publicly accessible, relatively independent, and primarily education-
centric, with functionally educational and social characteristics. Primary schools in this
area have service radiuses ranging from 0.3 km to more than 2 km, while their physical
footprints vary from 0.8 to 10 km.

3. Statistics and Methodology
3.1. Study Area

Shenzhen, a prominent economic hub in China, is located in the southeastern part of
the country. It borders Hong Kong to the south and Dongguan to the north (Figure 1). It is
a core city in the Greater Bay Area (GBA). In 2009, in light of its growing youth population
and the current demographic trend, Shenzhen authorities launched a pilot project aimed
at transforming selected school campuses into youth-friendly enclaves following the im-
plementation of the Youth-Friendly City in 2015. The 2016–2020 editions of the Shenzhen
statistics reveal that school campuses designed for children account for a small percentage
of the city’s total school campuses; specifically, only 27% of the city’s school campuses are
designated youth-accessible campuses, even though the Shenzhen Central District, which
comprises seven administrative divisions, accounts for roughly 45% of the city’s youth
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population. These statistics suggest that enhancing the quantity, service quality, and other
aspects of school campuses designated for the youth in Shenzhen is critical to addressing
the demand for youth-friendly areas in school campuses.
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Figure 1. Map of Shenzhen City.

3.2. Research Data

The present research employs two distinct categories of data. First, the geospatial data
encompassing school campuses, road route networks, rivers, and streets across the area
for research, which were primarily derived from the Shenzhen Map of Traffic, composed
by the Shenzhen Mapping Institutions in March 2021, were taken into consideration. The
information was procured through a combination of paper map scanning and classified
vectorizing performed via the ArcGIS 10.3 software suite (a pioneering GIS technology
developed by the Research Institution of USA Environment). Second, numerous ground
elements were examined in terms of their general attribution data, incorporating the
number of residents on every street by 2021 and data related to the evaluation index of
youth suitability in every primary school. The data on the population were obtained from
the statistics forms of administrative departments composed by the Shenzhen Statistical
Institution in 2021. The index data were derived from comprehensive investigations, after
which a composite score was assigned based on complete standard.

3.3. Research Methodology
3.3.1. Survey

In order to holistically and comprehensively assess the youth suitability of public
primary school campuses in the Shenzhen Central District, a rigorous and meticulous
methodology was employed to collect subjective indices through a combination of on-
site interviews and questionnaires. To ensure that the data gathered were both accu-
rate and representative, a multi-stage sampling approach was implemented, whereby
2–3 primary school campuses were carefully selected in each administrative street block,
and 20–30 student groups (made up of 5–10 students) were chosen randomly in every cam-
pus for on-site interviews. With the pursuit of detail and precision, a total of 100 interviews
were carried out on weekdays during the optimal study and campus conditions dur-
ing spring and autumn. These interviews were carried out during a carefully selected
timeframe, encompassing three different timeslots each day (07:30–08:30, 12:30–01:30, and
17:30–18:30) spanning the months of April, May, and November in 2021. These months were
specifically chosen for their conducive study conditions, with a low stress environment for
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the youth, unencumbered by the burden of exams and homework. Importantly, it should
be noted that the interviews were conducted both before and after school hours in order to
gather a comprehensive understanding of the youth suitability for campuses across differ-
ent time periods. The information gathered from 1000 self-administered questionnaires
(excluding those interviewed on-site) proved indispensable in the development of this
study, with a focus on highlighting the need for urban sustainable development to consider
the perspectives and needs of the youth, particularly in primary school campuses [35].

3.3.2. Evaluation System

After each insightful interview, a non-random sampling questionnaire was adminis-
tered to each student, enabling the acquisition of their individualized data on the indices
of youth suitability, including the adequacy of the classroom space and the quality of the
recreational facilities. Meanwhile, drawing from the wealth of present scholarship [36–43],
the research posits that primary schools’ spatial accessibility, pedagogical and recreational
resources, and environmental comfort are critical domains underpinning sustainable cities
and are indicative of youth suitability. Correspondingly, those four features were selected
as the main indices guiding the evaluation index of Shenzhen’s school campuses’ youth
suitability. Secondary-level indicators were determined via a principle approach informed
by systematics, representativeness, and feasibility. Applying the analytic hierarchy pro-
cess and expert judgement, an evaluative index system of youth suitability is presented
in Table 1. Moreover, as a mainly objective index in the evaluation system, the spatial
accessibility in Table 1 is calculated by a potential model formulation of the latent capacity
framework concerning the decay of the geographical influence.

Table 1. Evaluation system of the youth suitability of primary school campuses.

Overall
Objective A

Main
Indices B

(Weight B—A)

Secondary Indices C

Name Description Weight
(C—B)

Weight
(C—A)

The youth
suitability of

campus

Spatial
Accessibility

(0.2)

Traffic distance
Friction coefficient

Surrounding population
School attraction

The shortest traffic distance from
residential space to the school

Friction coefficient for the children to
school along the shortest path

Total population within a certain traffic
distance from school

Attraction of school for children

Calculating by the
potential model formula

Study and
Recreation

(0.3)

Capacity of
study facilities

Capacity of
entertainment facilities

The degree to which quantity and type
meet the needs of the children

The degree to which quantity and type
meet the needs of the children

0.33
0.67

0.10
0.20

Environmental
Comfort

(0.42)

Capacity of
classroom tables

and chairs
Classroom space scale
Walkway spaciousness

Pleasure extent of green spaces
Public toilet allocation

The degree to which quantity and type
of tables and chairs suit the demands of

the children
Classroom size

The spaciousness of the main
pedestrian passages

General degree of pleasure of green
spaces on the school campus

If the quantity and location of public
toilets are appropriate for the children

0.29
0.42
0.10
0.14
0.05

0.12
0.18
0.04
0.06
0.02

Environmental
safety
(0.08)

Extent of space enclosure
Identity plate clarity

Configuration degree of
soft ground

Configuration degree of
lighting

Channel of barrier-free
allocation

The extent of campus enclosure
Whether the campus site of the sign is

suitable or salient
Scale and extent of soft ground

in constant active space
If there is adequate lighting

in the school campus
If barrier-free access to is set in

types of places in campus

0.25
0.25
0.125
0.125
0.25

0.02
0.02
0.01
0.01
0.02
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Examining the weightings calculated for each first-level index in Table 1, one can
readily observe that environmental comfort, study, and recreation are assigned greater
importance. This reflects the youth’s strong proclivity for preserving physical and mental
wellbeing in addition to their craving aesthetically appealing and inviting outdoor spaces.
Meanwhile, the environmental safety index exhibits a lower weighting, signifying that
while safety in school campuses remains a critical concern for the youth, it is not their
paramount interest when assessing the suitability of school campuses. In terms of the
weighting of peripheral indicators, the criteria of green space enjoyment, entertainment
amenity completeness, and the adequacy of barrier-free channel allocation all rank highly.
This indicates that bolstering the quality and level of these spatial features can remarkably
enhance the youth suitability of Shenzhen’s school campuses.

3.3.3. Workflow of Analysis

According to Wen, C et al.’s scholarship [44], a significant portion of children exhibit a
predilection for attending prestigious educational institutions located at a distance from
their residential abodes, contingent upon the alluring and captivating features that the
institution has to offer within the bounds of Shenzhen. Consequently, it is imperative to
avoid diminishing the concept of campus proximity [45]. Hence, several defining variables
were selected for this paper, including each residential centroid and the school campus
centroid, postulating that progenies would exclusively consider campuses with a delimited
variable value that does not exceed the 2 km benchmark.

To facilitate the study, ArcGIS Origin-Destination was utilized to obtain the origin–
destination cost matrix between each school campus and all residential areas within a
maximum distance of 2 km. Furthermore, through the use of toolkits for writing Python
scripts on the basis of ArcPy (an ArcGIS site package written in Python), a series of calcu-
lations were conducted to determine school campuses’ youth and accessibility suitability
using the improved potential model. Finally, by leveraging the power of general kriging
interpolation based on ArcGIS, the youth suitability of every school campus within the
research area was derived. Meanwhile, the suitability of public-school campuses was then
classified into type I (below 0.30), type II (0.30–0.60), and type III (above 0.60). These steps
allowed the classification of school campus service spaces within the research area, along
with an analysis of the factors behind the spatial distribution mode of campus services, as
illustrated in Figure 2.
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3.3.4. Youth suitability Evaluation of Primary School Campuses

The theoretical underpinning of this study’s investigation into the youth suitability
of school campuses is rooted in the potential model, a refined version of Hansen’s grav-
ity model, which has been extensively utilized in the field of spatial accessibility [46–48].
Leveraging Equation (1), a widely accepted formulation of the latent capacity framework
that considers the decay of the geographical influence of suppliers and demanders alike
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with distance, as well as the effects of self-propagation by both parties [49], this research em-
ployed this sophisticated model to grapple with school accessibility as a critical determinant
of youth suitability of school campuses.

Ai =
n

∑
j=1

Mj

VjD
β
ij

, Vj =
m

∑
k=1

Pk

Dβ
kj

(1)

where the accessibility of residential area I to school campus j, denoted as Ai, was deter-
mined by considering the service attraction of school campus j, represented by Mj, and the
negative impact of residential service demand, denoted as Vj. The actual distance between

residential area I and school campus j, denoted as Dβ
ij, was also factored in and multiplied

by a travel friction coefficient β to account for any hindrances in travel. Moreover, the
number of school campuses and residential areas, represented by n and m, respectively,
along with the population of each housing area K in the vicinity of school campus j, denoted
as Pk, were also considered in this equation.

Py-GIS technology has revolutionized geospatial data analysis and visualization.
The combination of Python with GIS software has opened vast new possibilities for data
processing, management, and automation. Considering the challenges posed by the scale
of data (encompassing both geospatial and non-spatial attributes) and the complexity of the
calculations involved, as well as the limitations of the existing GIS software in evaluating
the youth suitability of school campuses, this study undertook a cutting-edge approach
to customizing a Python script tool for assessing the youth suitability of school campuses
based on the refined mode [50]. The approach represents a powerful and efficient means of
automated evaluation of the youth suitability of school campuses.

The methodology for constructing this tailored tool was multi-faceted, entailing:
(1) composing a Python source code using the Jupyter notebook and storing it as a file with
a .py extension; (2) generating a new toolbox through ArcMap under the “My Toolbox”
mode, in which the tools were replaced; and (3) via the Script Tool Wizard, specifying the
tool name, label, and descriptive attributes, assigning the Python script file, and setting the
running parameters. This primary functioning coding for the tool (i.e., the core content of
the aforementioned .py file) is self-evident, and its execution time was a mere 56 s.

3.3.5. Spatial Interpolation-Based Estimation of the Suitability of School Campuses for
Youth Services in Residential Areas

Given the notion that neighboring residential areas tend to have similar accessibility
to school campuses, both in terms of quantity and quality, it is reasonable to posit that
the youth suitability of school campuses available to neighboring areas may be similarly
related and connected. Consequently, this study introduces the novel notion of “the
youth suitability of school campuses” in order to better comprehend the implications
of spatial variations in youth suitability of school campus services in local residential
areas. To achieve this aim, the research employs the method of spatial interpolation, which
involves transforming discrete point data into continuous data surfaces, thus allowing for a
comprehensive evaluation of the youth suitability of school campuses at multiple locations
within the research area.

There exists a vast range of interpolation techniques, each varying in sophistication and
accuracy. Given the limited sampling sites in the research [51], the optimum and non-bias
linear regression method based on temporal auto correlation, known as ordinary kriging
interpolation, is preferred. This technique utilizes the structures of the semi-variogram, as
well as the database of the focused circumferences, to foresee the value of a variable at non-
sampled sites via a linear combination of point values of a regionalized variable or averages
on blocks of a regionalized variable (Equation (2)) [52,53]. Thus, the study adopts kriging
interpolation to realize the aforementioned objective. In essence, the youth suitability of all
accessible campuses within a 2 km radius of every road center was summed to determine
the youth suitability of school campus services. Subsequently, the youth suitability of
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school campuses at each site in the study region was assessed using the ordinary kriging
interpolation kit, on the basis of ArcGIS [54], with the youth suitability of school campuses
at the center of every street serving as the counterpart value. Lastly, the spatial distribution
map of the youth suitability of school campuses in the study region was utilized to assess
the implications of the space variance in the youth suitability of the school campuses on
regional residential spaces’ public school campuses services.

Z(x0) =
n

∑
i=1

γiZ(xi) (2)

where Z(x0) epitomizes the calculated value of the youth suitability of school campus
service at the point x0, whereas Z(xi) embodies the factual value of point xi, signifying the
youth suitability of school campus service at the center of every street. The parameter n
signifies the quantity interpolated from known factual points, which in the investigation
is 97, or the total amount of streets surveyed. Moreover, the coefficient γi represents the
kriging weight coefficient, which allocates weights to the neighboring points based on their
proximity and spatial correlation to the estimation point.

4. Results
4.1. Evaluation Outcomes

By means of this previously mentioned methodology, the study assessed the apt-
ness of school campuses for the younger population in the Shenzhen Central District by
scrutinizing various indicators, including, but not limited to, spatial accessibility, study
and recreational activities, environmental comfort, and safety of the school campuses (as
displayed in Table 2).

Table 2. Evaluation results of the youth suitability of public primary schools.

School Name Youth
Suitability School Name Youth

Suitability

Haibin Experimental Primary School, Shenzhen Bay department 0.77 Qianhai School 0.48
Shenzhen Jinglian Primary School 0.76 Nanyuan Primary School 0.48
The second Experimental Primary School of South University of
Science and Technology 0.75 Nantou City Primary School 0.47

South University of Science and Technology Experimental
Primary School 0.74 Nanhai Primary School 0.46

Shenzhen University Town Taoyuan Experimental School 0.74 Gangxia Primary School 0.46
Xiasha Primary School 0.73 Fuhua Primary School 0.45
Nanshan Experimental School Baimang Primary School 0.73 Sunshine Primary School 0.43
Nanshan Experimental School, Liwan Primary School 0.73 Nanshan Experimental School, Lilin Primary School 0.43
Nanshan Second Foreign Language School 0.72 Nanshan Second Experimental School 0.42
Haitao Primary School 0.72 Shenzhen Huaxin Primary School 0.42
Gardener school 0.71 Nanhu Primary School 0.42
Shenzhen Bay School 0.71 Nanshan Experimental School, Dingtai Primary School 0.41
Gold Rush Mountain Primary School 0.71 Songping School Primary School 0.41
Luohu Primary School 0.70 Pingshan Primary School 0.40
Nanshan High School Affiliated to Beijing Normal University 0.70 Xili No. 2 Primary School 0.40
Nanshan Experimental School of Arts and Sciences 0.69 Nanshan Primary School 0.39
Xuefu Primary School (Haven Department) 0.69 Happy school 0.39
Jinglong Primary School 0.69 Shekou School Primary School 0.38
Honghu Primary School 0.68 Nanshan Affiliated Primary School of Beijing Normal University 0.38
Moon Bay Primary School 0.67 Nanshan Foreign Language School, Binhai Primary School 0.37
Chiwan School 0.67 Boxer Shouyi Zhongshan Memorial School 0.37
Yucai three small 0.66 Nanshan Experimental School Nantou Primary School 0.36
Xinzhou Primary School 0.66 Nanshan Foreign Language School, Mandarin Campus 0.36
Xili No. 2 Primary School 0.64 Shenzhen Futian District tianjian Primary School 0.36
Daxin Primary School 0.64 Le Qun Primary School 0.36
Qianhai Primary School 0.64 Tiandong Primary School 0.35
New lotus Primary School 0.64 LiuXian school 0.35

Tian Xin Primary School 0.64 Shenzhen Institute of Advanced Technology of Chinese
Academy of Sciences 0.34

South Primary School 0.63 Houhai Primary School 0.34
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Table 2. Cont.

School Name Youth
Suitability School Name Youth

Suitability

Pearl light Primary School 0.62 Tanglang Primary School 0.34
Shixia School Primary School 0.61 Nanshan Foreign Language School, Keyuan Primary School 0.33
Shenzhen University Chengxi Li Experimental Primary School 0.60 Yantian Foreign Language Primary School 0.32
Nanyou Primary School 0.60 Haibin Experimental Primary School, Yukang Department 0.32
Yucai No. 2 Primary School 0.60 Shenzhen University Town Lihu Experimental School 0.32
Bamboo Primary School 0.59 Meisha Primary School 0.31
Zhuyuan Primary School 0.58 Futian Whampoa School 0.31
Funan Primary School 0.56 Dragon Ball School 0.30
Liyuan Primary School 0.54 Yucai four small 0.29
Huafu Primary School 0.54 Yuanling Experimental Primary School 0.29
Shenzhen Primary School 0.53 Hom Primary School 0.28
Hundred flowers Primary School 0.52 Yuanling Foreign Language Primary School 0.28
Nanshan Experimental School, Qilin Primary School 0.52 Lin yuan Primary School 0.27
Yucai No. 1 Primary School 0.52 Xiangshan Li Primary School 0.27
JingPeng Primary School 0.51 Lixiang School Primary School 0.27
OCT Primary School 0.50 Qianhai Harbor Primary School 0.26
Taoyuan Primary School 0.49 Songping No. 2 Primary School 0.25

Futian Primary School 0.49 Yantian District Foreign Language Primary School, Donghe
Branch School 0.25

Yucai Taizi Bay School Primary School 0.49 Zhuo Ya Primary School 0.24
Haibin Experimental Primary School, Shenzhen Bay 0.48 Average 0.49

Correspondingly, if the suitability of public-school campuses is below 0.30 or even
lower, the school campuses would be subject to a thorough renovation, since most of its
facilities and campus design fail to meet the demands of children. Meanwhile, if the suit-
ability of public-school campuses is above 0.60 and closer to 1.0 relatively, the spatial design
of school campuses could suit the distinct needs of children. A comprehensive examination
of the descriptive statistics manifests conspicuous disparities in the youth friendliness of
school campuses across different administrative regions within the central district. Of
these regions, Nanshan District exhibited a superior average value regarding the youth
suitability, accessibility, study and leisurely entertainment opportunities, environmental
comfort, and safety of the school campuses, significantly surpassing the overall research
area’s mean (0.49). Notably, Yantian and Luohu had relatively lower average values.

4.2. The Geographic Variations and Distinctive Characteristics

Drawing upon the findings delineated above, through the meticulous application of
cutting-edge cartographic techniques in ArcMap 10.3, including the strategic interweaving
of school campus strata, administrative demarcations, circumferential city ring lines, and
elevated highways, and leveraging the discerning algorithmic framework of Jenks Natural
Breaks, a refined rendering of campus components was synthesized to capture the nuanced
variation in youth suitability values across distinct school grounds. This comprehensive and
intricate analysis culminated in the development of a visually captivating and intellectually
stimulating spatial distribution map, showcased in Figure 3, that elucidates the spatial
pattern in the youth suitability of school campuses at the heart of the central region.

Figure 3 shows school campuses in Shenzhen Central District in three tiers based on
their youth suitability score. A space-based analysis of these campuses divulges an evident
trend in decreasing youth suitability from the inner to the outer ring within the scope of the
city. Moreover, the distribution delineates the following patterns: (1) a majority of school
campuses with a higher youth suitability rating are situated within the inner ring and
stretch from the southwestern (Nanshan District) to the northwestern regions; (2) campuses
with a middle youth suitability rating are also predominantly located in the inner region,
with the number of high-youth suitability campuses declining precipitously in the central
and surrounding areas; (3) school campuses of poor suitability are largely concentrated in
the outer perimeter, spanning from the southern part (Futian District) to the central area
of Yantian.
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At first glance, the youth suitability landscape in each district appears unique; however,
upon closer inspection, it is discernible that districts with a higher level of youth suitability
in school campuses (such as Futian and Nanshan) own the features of a “high center”, as
those possessing a decreased degree of youth suitability (within school campuses) exhibit
the attributes of a “low center”.

The aforementioned evidence highlights a noteworthy contrast in the spatial pattern
displaying the youth suitability of school campuses in the central regions of Shenzhen
when compared to small city centers [55]. Conventionally, the youth suitability of school
campuses within the central regions of mid-sized prefectural-grade urban hubs is typified
by a lower central region and higher circumference; however, this is never the case in
Shenzhen Center District. The divergence might be attributed to a myriad of factors,
including population, economic, and social development disparities.

To begin with, the economical and education features of residency in the central
regions of a metropolis may engender a greater emphasis on the quality requirements of
school campuses when compared to those living within the central regions of mid-sized
prefectural-grade urban hubs. Furthermore, the Shenzhen metropolis displays a clear trend
in residential suburbanization [56], which has led to a diminished influence of population
factors on the youth suitability of school campuses in its central region when compared to
small prefecture-level cities.

Additionally, small prefecture-level cities often suffer from a lower level of social and
economic development than their metropolitan counterparts, leading to a lack of attention
given to improving the youth suitability of school campuses by planning and management
departments in such areas [57]. Despite the implementation of similar promotional activities
in both the central regions of Shenzhen and mid-sized prefectural-grade urban hubs, the
youth suitability of school campuses in the central regions of mid-sized prefectural-grade
urban hubs remains decreased due to the natural allure of the surrounding environment.
Consequently, the spatial distribution of youth suitability in school campuses in small
prefecture-level cities generally exhibits lower central region and higher circumference
characteristics [58]. Nevertheless, the projects implemented in the Shenzhen Central District
have significantly enhanced the youth suitability of school campuses and caused the region
to deviate from the standard pattern observed in small city centers [59,60].

5. Discussion

By incorporating the youth suitability of all reachable primary schools in a 2 km radius
from every road center into the ‘caging’ area of the respective road factors, we were able to
derive the youth suitability of campus services at every road center. Employing the geospa-
tial data interpolation methodology aforementioned, we ascertained the youth suitability
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of campus services at any location within the research area. Given that accessibility serves
as a reflection of the youth suitability of school campuses from a spatial perspective and an
objective parameter in the evaluation system, we segmented the study region into distinct
spaces of school services (Table 3) based on the intersection between the accessibility of the
school service at given locations and overall youth suitability of all the school campuses
(Figure 4). Meanwhile, as factors of population also play an important role in the progress
of evaluation, the index mean incorporates the fifth parameter (population impact). In
the process, the suitability of public-school campuses were classified into type I (below
0.30), type II (0.30–0.60), and type III (above 0.60). This approach allowed us to explore the
discrepancies and the underlying factors that influence the youth suitability of the school
services in various residential spaces in the study region.

Table 3. Division of primary school service space in research area.

Space Type Space Location School Campuses

I. low accessibility, low-youth suitability region
(“low, low”)

Yantian district and
some areas of Luohu 28 school campuses in total

II. middle accessibility,
middle-youth suitability region
(“middle, middle”)

The eastern parts of Luohu,
the southern part of Futian 33 school campuses in total

III. high accessibility, super high-youth suitability region
(“high, super-high”)

Central area of Nanshan
and Futian 36 school campuses in totalBuildings 2023, 15, x FOR PEER REVIEW 13 of 18 
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Drawing on the empirical data presented in Figure 4, Table 3, and other relevant
statistical yearbooks, a comprehensive analysis posits that the spatial distribution of school
services is primarily influenced by an interplay of population, economic, geographic, and
political elements. Notably, the internal circle of Shenzhen Central District serves as a
pulsating hub of commercial and intellectual growth. Leveraging the region’s strategic
location, as well as the flourishing education development surrounding the ring boundary,
type III space (situated within the interior space) boasts an enviable network of urban roads,
state-of-the-art campus facilities, and a plethora of amenities. With school campuses that are
generally comfortable (Table 3), the youth suitability of school services in this area reaches
unprecedented heights in terms of accessibility, safety, study, recreational entertainment,
and other critical aspects. Moreover, given that the government occupies a substantial
chunk of space in the region, the influence of demographic change is rather inconsequential,
thereby buoying the youthful accessibility of school services in type III space. Despite the
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proximity of type II space to type III space, the former exhibits comparably smaller areas,
lower attraction, and reduced environmental comfort in its school campuses. Consequently,
type II school services remain suboptimal in terms of suitability as well as accessibility for
the youth.

In the realm of urban planning, it is indubitable that the traffic system and the quality
of transport beyond the central area require better enhancement, and that the accessibil-
ity of school campuses in type I and II residential areas remains woefully inadequate.
Furthermore, the copious and persistent population in Luohu and Futian, coupled with
the exorbitant population density in the eastern precincts of Luohu and Yantian, exerts a
formidable influence on the youthful fitness of school campuses in type I residential spaces.
As a consequence, the youthful suitability of school services in these areas is rendered at an
abysmally low level, making it one of the least favorable places within the urban area.

When contrasting type I with type III, it becomes apparent that the latter is com-
paratively less vulnerable to the impact of population density, owing to a multitude of
factors. Luohu and Nanshan have made considerable strides in education over recent
years, resulting in a marked enhancement in their urban landscape. In the Qianhai and
Shekou areas, the campus facilities and environmental comfort of schools have seen rapid
improvement, directly translating into a beneficial effect on the youth suitability of local
school campuses. Furthermore, Luohu boasts a significant youth population, and although
the youth suitability of primary schools in this district may be lower than desirable, it
compensates through its copious school campuses, which are the most plentiful in the
entire city. When coupled with the high-youth suitability school campuses of the Nanshan
Central District, it becomes clear that type III space enjoys a superior youth suitability
rating when compared to type I space.

As far as type III residential space is concerned, the Futian district is grappling with
a youth population at a normal rate. However, it has made active efforts to improve the
comfort and amenities of public service and surroundings, in line with the administration’s
directives on “Pleasure Childhood Care” [61] and “Guidelines for the Construction of
Child-Friendly Cities” [62]. Consequently, the school campuses in the region have achieved
a leading status in terms of attraction, accessibility, comfort, safety, and study entertain-
ment for the youth, reflecting a high youth suitability rating of school services in type III
residential spaces.

Overall, the regional services and positioning, the commercial and educational de-
velopment, and the practices of local youth-oriented policies all played an instrumental
role in improving the youth suitability in respective school campus at the central district of
Shenzhen. Nevertheless, the huge area population and high population concentration pose
significant obstacles to improving the youth suitability of local school campuses [63].

6. Conclusions

The dearth of studies concerning the incessant improvements of accessible public
places intended to nurture a flourishing youthful city is a glaring reality [64]. In view of
this, the objective of this research is to provide an erudite point of reference for decision
makers, one that is rooted in scientific principles, in order to optimize the suitability of
school campuses for children in Shenzhen and other vibrant Chinese cities. This, in turn,
would ensure the city’s sustainable development. The findings of this study revealed
that: (1) the youth suitability of school campuses situated in Shenzhen Central District
gradually declines as one moves from the innermost to the outermost ring, and (2) the
accessibility of school campuses in the same district is generally low, as they comprise three
distinct service spaces. Furthermore, this article posited that effective improvements in
the youth suitability of primary school campuses in Shenzhen can be achieved by means
of the promotion of the advancement of education, the successful execution of youth care
policies that are regionally specific, and the strategic utilization of the functional positioning
advantages offered by the region.
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The methodology devised for the research will revolutionize the efficiency of the
evaluation of school campuses’ youth suitability and open up a fresh vista for scholars
grappling with similar issues. In the case of other cities, provided that scholars have
unfettered access to geospatial data, population composition data, and youth suitability
score data pertaining to school campuses, the methodology articulated in the study can be
customized to fashion a bespoke evaluation instrument that expedites a meticulous and
accurate appraisal of the youth suitability status of school campuses. It is imperative to
note that, given the distinctive features of young people in divergent cities, other scholars
should adroitly calibrate the index system or weighting regarding the regional context
as well as tenets of youth suitability in school campuses. This would not only boost the
impartiality of the evaluation, but also amplify the practicality in their advice.

The salient outcomes expounded in the research, when integrated with the current
movement toward equitable and uniform allocation of urban public resources in developing
societies, combined with China’s prescriptive guidance on the development of livable
environments for the youth, yield critical impacts on enhancing the youth suitability for
school campuses in the Central District of Shenzhen and its counterparts. Primarily, it is
imperative to underscore the indirect role that the regional economy and education play
in the youth suitability of public-school campuses. As evinced by the impressive youth
suitability ratings of public-school campuses in Nanshan and Futian districts, regional
policies pertaining to economy and education have the potential to galvanize, facilitate, or
harmonize city construction efforts. Consequently, educational and construction strategies,
such as child-centered pedagogy and youth-oriented safety design, can be leveraged
to refine the built environment of public-school campuses to suit the preferences and
proclivities of young people [65]. By doing so, the improvement in the youth suitability of
public-school campus services can be expedited, rendering a more optimized and gratifying
learning experience for the youth [66,67].

In summary, to effectively address the issue of public-school campus suitability for
youths, it is essential to adopt a comprehensive approach that encompasses diverse factors.
First, the present study emphasizes the need to promote education and public infrastructure
development based on the regional context, taking cues from the eastern Yantian District
and southern Futian District. Second, the study underscores the pivotal role of public-
school campus accessibility in determining their suitability for youths. Specifically, the
low accessibility of public-school campuses in a residential area corresponds to a low
level of youth suitability, indicating the importance of addressing accessibility issues
as a primary objective. In this regard, strategies such as the creation of youth-friendly
transport, improving neighborhood accessibility, enhancing the attractiveness of public-
school campuses, and increasing the number and area of public school campuses with
barrier-free facilities, can significantly enhance public school campus accessibility and youth
suitability. Lastly, the study highlights the significance of policy support and demonstration
guidance in enhancing public school campus suitability for youths in underdeveloped
areas. Identifying appropriate model communities and following a youth happiness index
system that stresses comfort, security, and the efficient administration of study spaces and
settings on public school campuses might help achieve this.

The greatest travel distance for the youths was conservatively established at 2 km, and
although the index scores of certain public-school campuses were generated via interviews
and the index weights were decided based on expert opinion, the research is not without
its limits. First off, the subjective nature of the index value setting and the fact that
most interviews came from youths (under 14) may have caused some divergence in the
assessment of those public-school campuses’ youth suitability. Second, the threshold of
maximal travel distance for youths remains a controversial issue in the academic field. In
this paper, the distance criterion was only established based on the views of a handful
of scholars and the predominant forms of transport (not simply walking) used by young
people in Shenzhen. To enhance the reliability of the research conclusions, further inquiry is
warranted into the method of gathering the youths’ scoring data and the greatest distance
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criteria for them. Thus, future research endeavors are poised to address these concerns and
reinforce the veracity of our findings.
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