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Youth soccer specialty schools are the primary project to strengthen the foundation of soccer talents, 
improve the level of soccer development, and achieve the dream of Chinese soccer. Taking 32,775 
soccer specialty schools in China as the research sample, ArcGIS spatial analysis technology is used to 
explore the spatial distribution characteristics of soccer specialty schools and their influencing factors. 
The analysis shows that the overall distribution of the country forms five quantity concentration 
area and eight high-density core areas, with a high degree of spatial concentration and significant 
differences between the East and West. The factors influencing soccer specialty schools include nine 
factors in four dimensions: historical development, geographical environment, socio-economic, 
and educational resources. It was found that geographic environment and socio-economy provide 
the foundation and background for developing educational resources. However, the direct role of 
educational resources is more significant in a specific educational program, such as soccer specialty 
schools, followed by socio-economy and geographic environment. This study comprehensively 
analyzes and interprets soccer specialty schools’ spatial distribution characteristics and influencing 
factors. These results enrich the research on the spatial layout of sports, providing necessary 
theoretical support and practical references for the layout and high-quality development of related 
industries in China and other countries or regions.

As the global economy flourishes and people’s living standards rise, sports development has become a significant 
concern worldwide1. As an essential part of sports, the revitalization and development of soccer have become a 
common expectation of Chinese sports and the general public. Since 2012, the Chinese government has listed 
the revitalization of soccer as a strategic task for developing sports and constructing an intense sports country2. 
Today, soccer has a pivotal role in developing sports in China.

In this background, accelerating the development of youth campus soccer is not only an important measure 
to implement the government’s education policy and promote the physical and mental health of young people 
but also a basic project to consolidate the foundation of soccer talents, improve the level of development of soccer 
and achieve the dream of China’s soccer. As an essential way to promote the popularization and enhancement 
of campus soccer, the construction of the Soccer Specialty School has excellent significance in cultivating youth 
soccer talents and integrating educational resources. The construction of the Soccer Specialty School is a critical 
way to promote popularizing and enhancing school soccer, which is significant in cultivating youth soccer 
talents and integrating educational resources3.

Since 2015, the General Office of the State Council, the Ministry of Education, the General Administration 
of Sport, and other departments have issued several essential documents, clearly put forward: in order to build 
in line with the law of growth of talents, extensive participation of young people, the level of sports continued 
to improve, the system and mechanism is full of vitality, the primary conditions of protection is strong, and the 
cultural atmosphere of the soccer specialty schools development system, there is an urgent need to strengthen 
the promotion and popularization of school soccer.

At the same time, it is emphasized that the requirements of the regional layout of soccer specialty schools, 
explicitly including the integration of urban and rural regional layout, the integration of all levels and types of 
schools, the integration of various kinds of social resources, and encouraging the localities and schools with a 
foundation to explore the practice, and increase support for rural schools, and strongly support the development 
of school soccer in the profoundly impoverished areas and central and western regions. Promote high-quality 
and balanced youth soccer development for both men and women in urban and rural areas. Make efforts to 
expand school soccer coverage, with a plan to reach 20,000 schools by 2020 and 50,000 or so by 2025. By the 
end of 2021, 32,775 schools with soccer characteristics were already in the country. However, due to the lack of 
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scientific spatial planning and layout, the distribution of schools in some areas was uneven. There were problems 
such as unreasonable resource allocation and insufficient or wasted educational resources4–6.

The construction and development of specialty schools will help satisfy the enthusiasm and demand for 
soccer among the general youth and inject new vitality and vigor into Chinese soccer. Globally, soccer as a sport 
and cultural phenomenon has significant social and economic potential7–9. Its development can cultivate more 
excellent soccer players, promote the sports industry’s prosperity, enhance the country’s image, and promote 
international exchanges and cooperation10–12. Therefore, the successful construction of soccer specialty schools 
will provide a new way for quality soccer education and positively contribute to advancing world soccer.

Literature review
Currently, Research on Chinese soccer specialty schools (i.e., school soccer) has primarily focused on the 
following aspects:

 ①   Policy Analysis. The Chinese government has recently implemented various policies to promote school 
soccer development. These policies include initiatives to expand soccer programs through improving fa-
cilities, enhancing teacher training, and developing national soccer curriculum standards. However, the 
effectiveness of these policies varies significantly across different regions. Xu et al. noted that while these 
national policies have generally fostered the growth of school soccer, substantial challenges persist due to 
uneven resource allocation. Specifically, the more developed eastern regions have benefitted from better 
facilities and qualified teachers, leading to more effective policy implementation. In contrast, despite policy 
intentions, the central and western regions face significant barriers due to insufficient funding and resourc-
es13. Peng et al. further analyzed the dynamics of policy formulation in China’s soccer reforms, emphasizing 
the critical role of local government participation and the need for policies to be adapted to local economic, 
cultural, and educational contexts14. International studies, such as those by Michalis et al., reinforce that 
uniform policies across diverse regions often fail to achieve desired outcomes, underscoring the necessity 
for context-specific adjustments15.

 ②   Developmental Challenges: Despite increasing policy support and societal attention, the development of 
school soccer in China still faces numerous challenges. A significant issue is the imbalance in regional de-
velopment. Research indicates that the eastern regions, with relatively abundant educational resources, have 
a distinct advantage. In contrast, the central and western regions lag due to limited economic and social 
resources. This disparity is evident in the availability of facilities and teaching staff and the cultivation and 
delivery of soccer talent16. Another critical concern is the health risks associated with intensive professional 
training. Liu et al. demonstrated that while professional training significantly enhances soccer skills, it also 
increases the risk of acute injuries. These health concerns are crucial to address in the future development 
of school soccer, particularly in ensuring that training programs balance intensity with student health and 
safety17.

 ③   Case studies. On a more localized level, some scholars have conducted in-depth case studies to explore the 
development experiences of specific schools or regions within the context of school soccer. For instance, Fan 
and Sungkawadee developed an evaluation index system to assess the sustainable development of school 
soccer in Shaanxi Province, using empirical research on primary schools in Xi’an. Their study found that 
leadership in policy implementation and establishing a solid school soccer culture are pivotal for sustainable 
development18. Similarly, Zhang and Gu conducted a study on school soccer activities in Yunnan Province’s 
border areas, using interviews with local stakeholders. They identified that limited resources, inadequate fa-
cilities, and weak teaching staff are significant constraints on soccer development in these regions. However, 
by integrating soccer into secondary education, these challenges can be partially mitigated, promoting the 
popularization and development of the sport19. These case studies provide valuable insights into addressing 
specific regional challenges in the development of school soccer.

 ④   Development Pathways. Research on the development pathways has predominantly focused on strategies to 
improve soccer programs’ quality, including policy adjustments, resource optimization, and collaboration 
among various societal sectors. Peng et al. emphasize the importance of stakeholder consensus and the 
need for policies tailored to regional and cultural specifics to ensure sustainable development20. Jonathan et 
al. discussed the significance of coordinated efforts between national and local governments in promoting 
school soccer and made some suggestions for the sustainable development of Chinese soccer in the future21.

 ⑤   Spatial Distribution Analysis. Despite the growing body of research on school soccer, the spatial distribu-
tion of Chinese Soccer Specialty Schools has received relatively little academic attention. The spatial distri-
bution characteristics of these schools and the key factors influencing their distribution are underexplored. 
Most existing research has concentrated on policy analysis, development pathways, and case studies, with 
spatial distribution research remaining supplementary and lacking systematic and comprehensive analysis. 
While some studies have mentioned the uneven distribution of educational resources across regions, they 
have not thoroughly investigated how these spatial patterns affect the effectiveness and reach of soccer edu-
cation. Moreover, although research has been conducted on the spatial distribution of sports facilities22–25, 
these studies are not directly applicable to schools, as the roles of facilities and schools differ significantly.

Overall, while existing research has provided valuable insights into the development of Chinese soccer from 
perspectives such as policy orientation, developmental challenges, pathway exploration, and localized case 
studies, systematic studies on soccer specialty schools ' spatial distribution characteristics and influencing factors 
remain relatively scarce. This research gap limits our comprehensive understanding of the nationwide dynamics 
of school soccer programs. This study examines the spatial distribution characteristics and key influencing 
factors of Chinese Youth Soccer Specialty Schools to address this gap. By employing various spatial analysis 
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methods, including ArcGIS, Kernel Density Analysis, Pearson Correlation Coefficient, Grey Relation Analysis, 
and GeoDetector, this research aims to uncover the distribution patterns across different regions and identify 
the primary driving factors. The findings of this study not only provide a new theoretical perspective on school 
soccer research and offer practical guidance for the planning and development of similar projects. Furthermore, 
this work serves as a valuable reference for future policy formulation and the strategic allocation of educational 
resources.

Results
Soccer specialty schools spatial distribution status
According to the Ministry of Education’s official data, China aims to establish 52,227 soccer specialty schools 
between 2015 and 2025. By December 2021, 32,775 schools had been completed nationwide, reflecting a 
completion rate of 62.75% and representing 14.31% of all primary and secondary schools in the country (Fig. 1).

In order to identify regional differences in soccer specialty schools, we conducted a statistical analysis of seven 
geographic regions in China (east, central, southwest, north, northwest, south, and northeast). The proportion 
of soccer specialty schools in ordinary schools (development rate) in each region shows significant differences 
in development. The proportion of soccer specialty schools in the northeast is significantly higher than the 
national average. At the same time, the southern and central regions are relatively lagging. The proportions in 
the remaining regions are close to the national average.

By analyzing the development rate of soccer specialty schools in each province, it can be found that (Fig. 2) 
The Inner Mongolia Autonomous Region, with a proportion of 44.54%, leads the nation, more than 2.6 times the 
national average. Provinces like Jiangsu, Shanghai, and Liaoning also surpass the national average significantly, 
with proportions exceeding 20%. In contrast, provinces such as Henan, Hebei, and Guizhou report proportions 
below 10%, indicating a considerable gap from the national average of 14.31%. The Guangxi Zhuang Autonomous 

Fig. 1. Spot map of national soccer specialty school distribution from 2015–2021. Maps were drawn by 
authors, using ArcGIS 10.7 (Environmental Systems Research Institute, USA. https://www.esri.com/).
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Region and Yunnan Province show the lowest proportions at 7.31% and 8.85%, respectively. Despite most 
provinces meeting the national standard of 6-8% for the proportion of specialty schools, there are pronounced 
disparities in their distribution across provinces.

Characteristics of spatial distribution of soccer specialty schools
In terms of the overall distribution of soccer specialty schools in each province (Fig. 3), there is a clear difference 
in the east-west distribution, using the “Hu Huanyong Line” as a boundary (the line is a stable boundary for the 
distribution of China’s population, with the east side of the line accounting for 43.18% of the country’s total land 
area, while the west side accounts for 56.82%), the east-west distribution shows apparent differences. In terms 
of the actual number of soccer specialty schools developed, five large concentration areas have been formed, 
including the concentration area in the northeast region centered on Heilongjiang Province; The Bohai Rim 
Concentration Area centered in Beijing, together with Tianjin, Hebei, and Shandong Provinces; The Southeast 
Coastal Concentration Area centered on Shanghai, together with Jiangsu and Zhejiang Provinces; The Central 
China Centralized Area centered on Anhui Province and constructed together with Henan, Hunan and Hubei 
Provinces; The Southwest China Centralized Area centered on Chongqing and created with Sichuan and 
Guizhou Provinces.

Subsequently, the kernel density distribution map of soccer specialty schools was obtained using the ArcGIS 
10.7 spatial analysis tool for kernel density analysis (Fig. 4). The map presents the distribution status of soccer 
specialty school density nationwide, with several core areas of different layers, i.e., areas with a higher number 
of soccer specialty schools and higher density. In the high-density core area, there are eight regions with higher 
density and more extensive coverage, including Beijing, Tianjin, Shanghai, Chongqing, central Henan Province, 
central and southern Guangdong Province, central Sichuan Province, and southern Jiangsu Province, where 
schools with unique characteristics have formed an apparent concentration of distribution; in addition, Liaoning 
Province, Shandong Province, and Hunan Province have initially developed a high-density core area. However, 
the area is too small, and the coverage is limited. In the sub-density core areas, the six areas with higher density 
and broader coverage include southern Hebei Province, northern Jiangsu Province, south-central Shandong 
Province, northern Anhui Province, northern Zhejiang Province, eastern Hubei Province, eastern Yunnan 
Province, and north Jiangxi Province. In addition, the eastern part of Yunnan Province, the northern part of 
Jiangxi Province, the southern part of Heilongjiang Province, and the central part of coastal Fujian Province also 
formed sub-density zones. The coverage area was small. However, these sub-density core zones further enriched 
the spatial distribution pattern of the national soccer specialty schools.

Factors influencing the spatial distribution of Soccer Specialty Schools
Selection of influencing factors
Sports development is inevitably constrained by geographical and infrastructural limitations26, and the spatial 
distribution is shaped by the interplay of critical factors such as natural geography, economic conditions, 
political context, and societal influences27–29. Within this framework, this study will analyze and discuss the 
influencing factors of the spatial distribution of soccer specialty schools through a combination of qualitative and 
quantitative analyses, mainly from the dimensions of historical development, geographic environment, socio-
economics, and educational resources, based on the whole territory of China’s 31 provincial-level administrative 
districts (Hong Kong, Macao, and Taiwan are not included).

Fig. 2. Spatial distribution data for soccer specialty schools by region.
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The selection of the factor of historical development is mainly based on its crucial role in shaping the 
emergence and development path of schools with unique characteristics, reflecting the impact of policy evolution 
on schools, revealing the differences in geographic culture and social background, and providing valuable lessons 
learned30,31. Through an in-depth analysis of historical development, the spatial distribution characteristics of 
schools and their influencing factors can be comprehensively understood, providing theoretical support and 
empirical analysis as a basis for the research.

Among the indicators in the dimension of geographic environment, a total of three indicators, namely, average 
altitude, average annual temperature, and annual rainfall, were selected for each province. First, the average 
altitude and the terrain and landscape complexity may restrict training conditions or place higher demands 
on students’ physical fitness32,33. Secondly, the average annual temperature and rainfall reflect the differences 
in regional climatic conditions directly related to soccer training and the regulation of students’ physical 
condition34–36. Therefore, these three indicators in the geographic environment dimension can comprehensively 
reflect the natural conditions of different regions, thus affecting the construction and operation of special soccer 
schools and having an essential impact on the spatial layout of specialty schools.

Socio-economic factors are a vital consideration in characterizing the spatial distribution of soccer specialty 
schools. They include three indicators: the student population, the urban population ratio, and the total GDP of 
each province. First, the student population reflects the size and age structure of the local population to a certain 
extent37, directly impacting the choice of student source and scale expansion of specialty schools. Secondly, 
the urban population ratio reflects the degree of urbanization, and the increase in urbanization level is usually 
accompanied by better infrastructure and resource allocation, which is conducive to developing schools38,39. 
Finally, the total GDP is an essential indicator of the economic strength of a region. Regions with high economic 
levels can usually provide better soccer training facilities, coaching teams, and financial support conducive to 
developing soccer specialty schools40,41. Therefore, these three indicators in the socio-economic dimension can 

Fig. 3. The trend in spatial distribution of soccer specialty schools by city. Maps were drawn by authors, using 
ArcGIS 10.7 (Environmental Systems Research Institute, USA. https://www.esri.com/).
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comprehensively reflect the economic strength and development level of different regions, which directly affects 
the spatial distribution pattern of specialty schools.

Educational resources are also a crucial factor. This dimension contains three indicators: the total number 
of school soccer fields, the area of school sports fields, and the total number of schools in each province. First, 
the total number of school soccer fields directly reflects the supply of campus soccer training facilities in 
each province, and the quantity and quality of soccer fields are crucial to the development of student soccer 
exercises42,43. Secondly, the area of school sports fields reflects the importance schools attach to sports activities. 
Adequate sports grounds can help enrich students’ physical education programs and campus soccer activities 
and promote the improvement of students’ physical fitness44,45. Finally, the total number of schools reflects the 
overall scale of educational resources in each province, and the adequacy of educational resources directly affects 
the construction and development of schools with soccer characteristics. Therefore, these three indicators in the 
dimension of educational resources can comprehensively reflect the foundation and potential of school soccer 
development in each province and provide an essential reference for the planning and layout of specialty schools.

Historical development
In terms of historical development, firstly, there are significant differences in the level of economic development 
of different regions in China, which directly impacts the spatial distribution of soccer specialty schools. Coastal 
regions have a higher level of economic development due to the earlier implementation of the open-door 
policy and industrialization and, therefore, have a clear advantage in the investment and construction of soccer 
specialty schools. In contrast, the economic development of inland and western regions lagged, leading to a 
corresponding backwardness in related resource input and school construction. Secondly, sports policies have 
undergone significant adjustments in different historical periods. Early policies favored elite sports development 
and paid insufficient attention to universal physical education.

However, there has been a gradual policy shift towards a more balanced universal access and education 
model since China’s reform and opening up. The case of Sichuan Province stands out in this regard. Although 

Fig. 4. Kernel density distribution of soccer specialty schools. Maps were drawn by authors, using ArcGIS 10.7 
(Environmental Systems Research Institute, USA. https://www.esri.com/).
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Sichuan Province is not a national leader in natural geography and economic conditions46, the province has 
implemented in-depth reforms under the Overall Program for the Reform and Development of Soccer in China, 
relying on a straightforward top-level design and policy orientation. Among other things, the introduction 
of the Implementation Opinions on the Reform and Development of Soccer in Sichuan Province and related 
planning documents has significantly boosted the development of soccer in schools by incorporating it into 
school physical education curricula, building provincial bases, improving enrollment policies, and developing 
standards for reserve talents and a system for advancement to higher education. Especially in Chengdu and its 
neighboring regions, the number and density of specialty schools have caught up with or even surpassed some 
economically developed regions in several aspects.

Thirdly, the problem of unbalanced distribution of educational resources persists. Schools in provincial 
capitals and developed coastal areas usually have richer educational resources, including high-quality sports 
facilities and coaches, which provide favorable conditions for developing specialty schools in these areas.

Finally, differences in different regions’ sports culture and traditions also affect the construction of specialty 
schools. For example, the Northeast region has been more active in constructing specialty schools because of 
its strong sports tradition, especially in ice and snow sports and soccer. In contrast, provinces such as Tibet and 
Qinghai are relatively weak in relying on sports culture to support the development of specialty schools due to 
their shorter exposure to soccer.

In summary, the foundation of the spatial distribution pattern of soccer specialty schools results from the 
intertwined effects of various historical, economic, political, and cultural factors, which collectively have shaped 
each region’s unique development trajectories and characteristics.

Pearson correlation coefficient
In order to improve the precision of the analysis and the visualization of the data, this study used SPSS software 
and GeoDetector tools to quantitatively analyze the three dimensions of geographic environment, socio-
economics, and educational resources. Specifically, the relationship between the average altitude, average annual 
temperature, annual rainfall, student population, urban population ratio, GDP, total number of school soccer 
fields, area of school sports fields, total number of schools, and soccer specialty schools in each province were 
analyzed. This analysis set the number of soccer specialty schools in each province as the dependent variable. At 
the same time, the rest of the indicators were used as independent variables.

The Pearson correlation coefficient method was first used to explore the linear correlation between the 
number of soccer specialty schools and these nine independent variables. The comprehensive analysis of Table 1; 
Fig. 5 found that the correlations of the four indicators, namely, average altitude, average annual temperature, 
urban population ratio, and total number of school soccer fields, failed to pass the 5% significance level test. 
The degree of linear correlation between the independent variables, from strongest to weakest, is as follows: 
area of school sports fields > student population > total number of schools > GDP > annual rainfall. It is worth 
noting that the correlation coefficients of the area of school sports fields, student population, and total number 
of schools are all over 0.8, showing a solid correlation. The correlation coefficients of the GDP are between 0.6 
and 0.8, indicating a strong correlation. In comparison, the correlation coefficients for annual rainfall ranged 
between 0.4 and 0.59, showing a moderate correlation. Therefore, it can be inferred that there is a positive linear 
correlation between these five independent variables and the number of soccer specialty schools.

Grey relation analysis
However, there are limitations in applying the Pearson correlation coefficient, which is limited to assessing 
linear correlations between variables and may not be able to capture more complex interaction patterns fully. 
Because of this, gray correlation analysis was introduced in this study to compensate for these limitations. Grey 
correlation analysis is not limited to linear relationships. However, it quantifies the links between variables by 
assessing the geometric similarity of the data series, which can reveal the degree of association between two sets 
of data more comprehensively, especially in the case of non-linear relationships. Therefore, this study continues 

Dimension Indicator

Correlation coefficient

Pearson Gray Q-value (factor detection)

Geographic 
environment

Average altitude − 0.276 0.807 0.150

Average annual temperature 0.288 0.966 0.395

Annual rainfall 0.515** 0.972 0.505

Socio-economic

Student population 0.895** 0.975 0.840

Urban population ratio − 0.063 0.961 0.042

Total GDP 0.778** 0.965 0.611

Educational 
resources

Number of school soccer 
fields 0.105 0.957 0.650

Area of school sports fields 0.907** 0.984 0.739

Number of schools 0.814** 0.964 0.692

Table 1. The results of the analysis of Pearson’s correlation coefficient, gray correlation and factor detection. 
*Denotes p < 0.05, significant correlation; ** denotes p < 0.01, significant correlation; bold denotes p > 0.05, not 
significant correlation.

 

Scientific Reports |        (2024) 14:24109 7| https://doi.org/10.1038/s41598-024-75489-9

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


to use gray correlation analysis in order to provide a more comprehensive and nuanced measure of association 
and, thus, to determine the interactions between variables more accurately.

According to the analysis results in Table  1, the gray correlations between the nine independent and 
dependent variables are generally high. The gray correlation values were similar for all indicators except for 
the average elevation. Compared with the Pearson correlation coefficient results, the gray correlation analysis 
indicates a higher correlation between these independent and dependent variables. The magnitude of correlation 
was in the following order: Area of school sports fields > student population > annual rainfall > average annual 
temperature > GDP > total number of schools > urban population ratio > total number of school soccer 
fields > average altitude.

Factor detection
Combining the Pearson correlation coefficient and gray correlation analysis can provide a more comprehensive 
data view. However, both methods ignore the issue of spatial stratified heterogeneity and fail to reflect the 
spatial differences characterizing the data. Therefore, a new statistical analysis method with a spatially stratified 
heterogeneity perspective, i.e., geo-detector, is used to analyze further the factors influencing the spatial 
distribution of the number of soccer specialty schools in each province.

The results of the factor probes in Table 1 show that among the nine independent variables, average altitude 
and urban population ratio did not pass the 5% significance test, which implies that the remaining seven 
independent variables are essential drivers of the spatial distribution of soccer specialty schools. Among them, 
the level of q value indicates to what extent these indicators influence soccer specialty schools. The explanatory 
power of these seven influences on the spatial distribution of soccer specialty schools in descending order is 
student population> area of school sports field> total number of schools> total number of school soccer fields> 
GDP> annual rainfall> average annual temperature. Regarding the magnitude of the coefficients, the q-values 
were generally lower than the scores of the Pearson correlation coefficient and the gray correlation after taking 
spatial heterogeneity into account, which indicated that the degree of correlation between the variables was 
corrected after full consideration of the heterogeneity.

Although the coefficients are different, the closeness of the relationship between these seven independent 
variables and the dependent variable has not changed significantly. From the perspective of factor explanatory 
power, educational resources can be regarded as the most critical factor in soccer specialty school selection, 
determining the number of soccer specialty schools in the region. Next is the socio-economic level. Population 
and GDP are important indicators of the economic level of a region, and the number of soccer specialty schools 
in the region depends mainly on the local socio-economic level. On the other hand, geography has a relatively 
low degree of influence on soccer specialty school selection compared to the first two.

Fig. 5. Matrix of Pearson correlation coefficients for factors influencing soccer specialty schools.
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Interaction detector
Based on the results of the factor detection, this study further used Geodector’s Interaction Detector method to 
systematically analyze the interaction of different factors on the spatial distribution of soccer specialty schools. 
The results show that the interaction between the nine factors forms 36 pairs (see Table 2). Twenty-five pairs 
of factors show a double factor enhancement effect, that is, the explanatory power of the two factors on the 
spatial distribution is significantly improved after interaction; the remaining 11 pairs of factors show a non-
linear enhancement effect, although there is an enhancement effect, the amplitude is relatively limited. This 
shows that the explanatory power of any two independent variables on the spatial distribution of the number of 
soccer specialty schools after interaction exceeds that of their individual effects, further revealing the complexity 
of the spatial distribution of soccer specialty schools being affected by multiple factors.

From the average q value of the three dimensions, educational resources (q = 0.87) > socio-economic 
(q = 0.85) > geographical environment (q = 0.80), which is consistent with the previous analysis. However, 
socio-economic factors also play an essential role. The Interaction Detector shows that the interaction between 
GDP and the area of sports fields is the strongest (q = 0.9662), followed by the interaction between the student 
population and GDP (q = 0.9573), and the interaction between the student population and the urban population 
ratio (q = 0.9445). In addition, the average q value of the interaction between the student population and other 
factors is also the highest, indicating the significant role of socio-economic factors in interacting with other 
factors, reflecting its critical position in influencing the spatial distribution of soccer specialty schools.

Based on the above factor detection results, all nine influencing factors have significantly impacted the 
spatial distribution of soccer specialty schools, especially when interacting with the student population factor, 
significantly enhancing this influence. This further indicates that differences in student populations in different 
regions mainly drive the spatial distribution of soccer specialty schools. However, overall, the number of 
soccer specialty schools in different regions still highly depends on the availability and level of development of 
educational resources. In other words, although the student population is an essential factor in determining the 
distribution of soccer specialty schools, the availability and level of development of educational resources are 
more critical in determining the final distribution of soccer specialty schools.

Discussion
This study comprehensively analyzes the spatial distribution characteristics of China’s campus soccer specialty 
schools from 2015 to 2021. The results show that as the number of soccer specialty schools increases, their spatial 
distribution shows significant regional differences. Using the “Hu Line” as a boundary, the eastern region has 
formed a dense distribution pattern. In contrast, the western region is relatively sparse. At the same time, soccer 
specialty schools have further concentrated in key cities and principal economic belts, eventually forming eight 
high-density core areas centered in Beijing and Henan Province. In addition, this study systematically explores 
the multiple factors that influence the spatial distribution of these schools, revealing the critical roles played 
by educational resources, socio-economic conditions, and geographical environment. These findings enrich 
existing sports geography research and provide an essential reference for formulating relevant policies.

The study used a multi-dimensional analytical approach, including Pearson correlation coefficient analysis, 
grey relational analysis, and the GeoDetector tool, to identify interactions between complex factors that may be 
overlooked by a single analytical method. A comparison with existing literature shows that traditional studies 
often focus on the impact of geographical environment and socio-economic conditions on the distribution 
of educational resources47–49. In contrast, this study systematically reveals for the first time the central role of 
educational resources in determining the number and distribution of soccer specialty schools. Based on the 
results, educational resources are more influential in distributing unique educational resources, such as soccer 
specialty schools, than the traditionally considered socio-economic and geographical factors. Although socio-
economic conditions and geographical environment play a fundamental role in allocating educational resources, 
the availability and quality of educational resources directly impact the final spatial distribution. This finding 
provides empirical evidence for policymakers to prioritize the construction of educational infrastructure in 
resource allocation.

Factors

Average 
altitude 
(m)

Average annual 
temperature 
(°C)

Rainfall 
(mm)

Student 
population

Urban 
population 
ratio

Total GDP 
(billions of 
yuan)

Number of 
soccer fields 
in schools

Area of 
sports fields 
(square 
meters)

Total 
number 
of 
schools

Average altitude (m) 0.15

Average annual temperature (°C) 0.906432 0.395954

Rainfall (mm) 0.820025 0.666419 0.505451

Student population 0.904519 0.89452 0.910141 0.840194

Urban population ratio 0.367774 0.783882 0.637252 0.944534 0.042765

Total GDP (billions of yuan) 0.900688 0.751546 0.875394 0.957341 0.872221 0.611484

Number of soccer fields in schools 0.838972 0.824428 0.787278 0.908504 0.78973 0.829963 0.650478

Area of sports fields (square meters) 0.842304 0.795387 0.922384 0.904729 0.870784 0.966205 0.933844 0.73903

Total number of schools 0.876781 0.836642 0.88877 0.889818 0.91658 0.929466 0.919175 0.838882 0.692742

Table 2. The results of the interaction detector. Bold denotes non-linear enhancement.
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In addition, the study re-evaluates the influence of geographical factors. Although geographical factors are 
considered an essential factor affecting the distribution of educational facilities in many cases50–53, their role in 
the context of soccer specialty schools appears to be more complex and multifaceted. Some previous studies 
have shown that factors such as topography, climate, and natural resources significantly affect the construction 
of educational infrastructure, especially in areas with complex topography or harsh climate conditions54–56. For 
instance, establishing schools or soccer fields presents significant challenges in mountainous areas like Qinghai 
Province and Tibet or regions with frequent extreme weather. These areas require additional infrastructure 
investments and specialized planning to overcome natural obstacles. However, this study reveals that, 
although geographical challenges exist, they are not insurmountable. On the contrary, through strategic policy 
interventions and targeted resource allocation, the impact of these challenges can be mitigated. The case of 
Sichuan Province exemplifies this approach. Despite its less favorable natural geography46—characterized by 
rugged terrain and underdeveloped economic conditions—Sichuan has successfully advanced the development 
of soccer specialty schools through comprehensive reforms and effective policy implementation, achieving a 
leading position nationwide in the number and prevalence of these schools. Such success stories underscore the 
importance of top-level design and policy orientation, which can effectively alleviate geographical disadvantages 
by fostering an environment conducive to developing sports education.

By analyzing the interaction of various factors, the study revealed the importance of the interaction between 
educational resources and socio-economic factors in explaining the distribution of soccer specialty schools. 
In particular, the combination of student population and educational resources significantly enhanced the 
explanatory power of the distribution pattern of soccer specialty schools. The spatial distribution of soccer 
specialty schools results from a single factor and the product of multiple factors’ complex interaction. Therefore, 
policymakers should consider these factors when planning and allocating educational resources to achieve a 
more balanced and effective allocation of resources.

Based on the research results, policymakers should pay more attention to the fair distribution of educational 
resources and consider the impact of socio-economic conditions to reduce the imbalance of resources between 
regions and promote the balanced development of soccer specialty schools. Future research should further 
explore the long-term impact of these factors, especially in the context of educational resource allocation and 
policy changes. In addition, comparing the results of the Chinese study with similar projects in other countries 
or regions can also provide a valuable reference for educational policy on a global scale.

In summary, this study reveals the spatial distribution characteristics of soccer specialty schools in China and 
their key influencing factors through multi-dimensional analysis. It further emphasizes educational resources’ 
vital role in this process compared with previous studies. The research results provide a practical reference 
framework for policy formulation and make the following suggestions: First, adhere to policy orientation, 
strengthen top-level design, adjust and optimize policies promptly, and control the spatial distribution of soccer 
specialty schools nationwide from a macro perspective; Second, strengthen spatial awareness, deepen the 
construction of soccer specialty schools in high-density areas, strengthen regional and inter-school cooperation, 
form more core areas and development zones, and build a sustainable development model for special schools; 
Third, governments at all levels need to pay attention to the rational allocation of educational resources, especially 
in the relatively scarce inland and western regions, and should appropriately tilt policies to ensure that special 
schools move towards more comprehensive and balanced development.

Limitation
In the study of the spatial distribution of specialty schools, as the project is scheduled to end in 2025, the data of 
this study is not complete, which will require us to continue the study in the future by adding data on an ongoing 
basis.

In addition, the factors contributing to the distribution of specialty schools may be complex and multifaceted. 
In analyzing the factors influencing the spatial distribution of specialty schools, we selected nine factors from 
the three dimensions of geography, socio-economics, and educational resources to analyze, such as the average 
altitude, the school population, and the number of soccer fields. Meanwhile, factors such as policy-making, 
spatial accessibility, financial support, and teacher resources in the region are also important but were not 
included in this study due to the lack of detailed official data and the unavailability of some of the data. We 
should conduct continuous and in-depth research on these issues in future studies.

Conclusion
This study systematically analyzed the spatial distribution characteristics of China’s campus soccer specialty 
schools from 2015 to 2021, revealing significant regional differences and concentration trends in these schools 
nationwide. The study shows that the distribution of soccer specialty schools is significantly uneven on both 
sides of the Hu Huanyong Line, with a dense distribution pattern in the eastern region and a relatively sparse 
distribution in the western region. At the same time, soccer specialty schools are further concentrated around 
critical cities and principal economic belts, eventually forming five major concentration areas in the Bohai 
Rim, the southeast coast, etc., as well as eight high-density core areas centered on Beijing, Henan Province, 
etc. Through multi-dimensional analysis, this study confirms the decisive role of educational resources, socio-
economic conditions, and geographical environment in the spatial distribution of schools, especially the 
availability and quality of educational resources that play a central role in the distribution of special projects such 
as soccer specialty schools. This finding provides a new perspective on the importance of educational resources 
in promoting educational equity and optimizing spatial distribution. In addition, the study also shows that the 
interaction between educational resources and socio-economic conditions is critical to explaining the distribution 
pattern of soccer specialty schools. These findings provide a new theoretical perspective for understanding the 
spatial distribution of soccer specialty schools in China and empirical evidence for policymakers in allocating 
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resources and policy design for similar projects. Future research should further explore the role of these factors 
in other educational projects and reveal general laws and particularities in different policy environments through 
international comparative research to provide scientific support for education policy formulation worldwide.

Methods
Data source
The data sources for this study are extensive, covering data on the distribution of soccer specialty schools in 
China, geographic information, natural conditions, and socio-economic background to ensure the analysis’s 
comprehensiveness and the data’s accuracy. The specific data and sources are as follows: ① Data on Chinese 
soccer specialty schools and related data, including the names, numbers, and soccer field numbers of soccer 
specialty schools, as well as the area of sports fields on campus, are all from the official website of the Ministry 
of Education of the People’s Republic of China, covering the period from 2015 to 2021. The data collection 
time was December 2022, and these data provide a solid foundation for studying the spatial distribution and 
resource allocation of youth soccer specialty schools across the country. ② The administrative division data 
used by the “Administrative Divisions of the People’s Republic of China” (2019 edition) published on the official 
website of the Central People’s Government of the People’s Republic of China. This data ensures the accuracy 
and consistency of the study’s administrative divisions of provinces, cities, and counties. ③ Map of China and 
natural geographical data, including map data of China (standard map review number GS (2019) 1823), average 
elevation, average annual temperature, and annual precipitation, are all from the Ministry of Natural Resources 
of the People’s Republic of China. The data has not been modified in any way to ensure the accuracy of the 
geographical information and is suitable for spatial analysis and visualization. ④ The geospatial coordinate data 
of soccer specialty schools was obtained through Baidu Maps and uniformly converted to WGS-84 format to 
ensure the consistency of the coordinate system and the applicability of international standards. Baidu Maps 
was selected based on its wide application and high accuracy in China, especially regarding the accuracy of 
geographic coordinates and spatial locations. Compared with other international map services, Baidu Maps 
better reflects local conditions and complies with the relevant regulations on geographic information services 
in China. ⑤ Socio-economic data, including critical indicators such as GDP, population, and urban population 
ratio, are from each province and city’s official Statistical Yearbook (2021). These data support studying and 
analyzing the relationship between educational resources and socio-economic conditions.

Number Data name Data source

① Chinese soccer specialty schools and related data Ministry of Education of the People’s 
Republic of China (http://www.moe.gov.cn/)

② Administrative division data for each region Central People’s Government of the People’s 
Republic of China (https://www.gov.cn/)

③ Map and physical geography data Ministry of Natural Resources of the People’s 
Republic of China (https://www.mnr.gov.cn/)

④ Geospatial coordinate data for soccer specialty schools Baidu Map (https://map.baidu.com/)

⑤ Socio-economic data China Statistical Yearbook (2021), etc.
 

Spatial data analysis
GIS spatial analysis is a research method based on geographical location and spatial characteristics. It is widely 
used in spatial data calculation and thematic map compilation57–59. This study used GIS technology to process 
and analyze the spatial data of China’s youth soccer specialty schools to ensure the scientific and accurate nature 
of the analysis. All spatial data processing and analysis were completed using ArcGIS 10.7, and the application of 
GIS technology in the study covered data standardization, geocoding, and spatial visualization.

First, we used GIS technology to standardize the geographic coordinates of the soccer specialty schools from 
Baidu Maps. All coordinates were converted to the WGS-84 coordinate system to ensure the data’s universality 
and the spatial analysis’s accuracy. In addition, geocoding technology was used to process complex address data, 
converting the text addresses of the schools into precise spatial coordinates, allowing the study to be analyzed at 
a more detailed geographical scale.

In terms of spatial visualization, we used GIS technology to generate multi-level spatial distribution maps. 
These maps show the distribution patterns of soccer specialty schools in different regions of the country, 
providing a wealth of spatial background information. These visualizations allow the study to present regional 
differences and concentration trends, laying a solid foundation for subsequent quantitative analysis. By applying 
GIS technology, this study was able to efficiently process large amounts of complex spatial data, accurately 
describe the geographical distribution characteristics of soccer specialty schools, and provide strong support for 
further spatial analysis. The application of these technologies ensures the scientific nature and reproducibility of 
the research results, providing a solid basis for formulating relevant policies.

Kernel density analysis (KDA)
The kernel density estimation method is a commonly used method to assess the characteristics of the density 
distribution of the study elements in the overall space, which can reflect the degree of agglomeration and the 
location of the agglomeration of the study elements from the layers and its mathematical expression is60–62:
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 where k (x) is the kernel function; h?0 is the bandwidth; and ( x− xi) denotes the distance from the valuation 
point x to the featured school xi. The larger the value of f (x), the denser the distribution of featured schools.

Pearson correlation coefficient
This study employed the Pearson Correlation Coefficient analysis to explore the relationship between the 
spatial distribution of Chinese Soccer Specialty Schools and various socio-economic and geographical factors. 
The Pearson Correlation Coefficient is a statistical method used to measure the linear correlation between two 
continuous variables, calculated using the following formula63–66:
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 where r represents the correlation coefficient, xi and yi are the observed values of the two variables, yi and 
y are the means of the two variables. The value of the correlation coefficient r ranges from [− 1, 1], with r 
> 0 indicating a positive correlation, r < 0 indicating a negative correlation, and r = 0 indicating no linear 
correlation.

This study first standardized all variables to ensure comparability across different scales. The Pearson Correlation 
Coefficients between the number of soccer specialty schools and various factors were then calculated using SPSS 
26.0 software to quantify the influence of these factors on the distribution of schools. The results are presented 
in a correlation matrix, with significance levels (p-values) used to determine the strength of the correlations. 
Correlations with a significance level below 0.05 were considered statistically significant.

By integrating Pearson Correlation Coefficient analysis with GIS technology, this study provides a 
comprehensive exploration of the complex factors influencing the spatial distribution of soccer specialty schools, 
offering scientific insights for policy-making and resource allocation.

Grey relation analysis (GRA)
To thoroughly investigate the relationship between the spatial distribution of Chinese Youth Soccer Specialty 
Schools and various socio-economic and natural geographical factors, this study employed the Grey Relation 
Analysis (GRA) method. GRA is a quantitative analysis tool based on systems theory, capable of effectively 
revealing the degree of association between factors within a multi-dimensional and complex system67–69.

In this study, GRA was used to measure the impact of various influencing factors, such as GDP, population 
density, average altitude, and annual temperature, on the spatial distribution of soccer specialty schools. First, 
all variables were standardized to eliminate the influence of different units and scales on the analysis results. 
Subsequently, the grey relational coefficients and grey relational degrees were calculated to quantify the impact 
of these factors on the distribution of schools.

The grey relational coefficient is calculated using the following formula70:

 
ξ (x0, xi) =

min
i

min
k

|x0( k)− xi(k )| + ρ · max
i

max
k

|x0( k)− xi(k )|

|x0( k)− xi(k )| + ρ · max
i

max
k
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 where ξ (x0, xi) represents the grey relational coefficient between the reference sequence x0 and the comparative 
sequence xi at the kth sample, and ρ  is the distinguishing coefficient, typically set at 0.5. The grey relational 
degree, the average of all grey relational coefficients, reflects the overall association between each factor and the 
system’s behavior.

By applying grey relational analysis, the factors were effectively ranked, allowing the identification of those most 
significantly influencing the spatial distribution of soccer specialty schools. The results of the grey relational 
analysis provided detailed quantitative insights, revealing the comprehensive effects of multiple factors on the 
spatial distribution of soccer specialty schools and offering a robust scientific foundation for policy-making.

GeoDetector
Leveraging the spatial stratified heterogeneity detection technique, GeoDetector emerges as a robust spatial 
analytical tool designed to assess the concordance between the spatial distributions of dependent variables 
and their respective explanatory factors71,72. The foundational principle of GeoDetector is its ability to dissect 
spatial variance without being confounded by multicollinearity among explanatory variables. This makes it an 
indispensable methodology widely employed across various disciplines, including regional economics, spatial 
planning, and environmental science. Its application facilitates a nuanced understanding of geospatial dynamics, 
contributing significantly to the precision of regional analyses and the strategic development of context-specific 
interventions72,73.
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In this study, we used the Factor Detection function of GeoDetector to explore the factors affecting the spatial 
distribution of soccer specialty schools. The q-statistic, denoted as q, represents the explanatory power of each 
factor. It is calculated as74,75:

 
q = 1−

∑
L
h=1 Nhσ

2
h

Nσ 2

 where h represents each strata or subregion within the study area. Nh and N  are the number of samples in strata 
h and the entire study area, respectively. σ 2

h is the variance within strata h. σ 2 is the variance of the entire study 
area. The q-statistic ranges from 0 to 1, with higher q-values indicating that the factor explains a more significant 
proportion of the spatial variance in the distribution of soccer specialty schools. For example, a q-value of 0.8 
suggests that 80% of the spatial variation can be attributed to the specific factor under consideration.

To analyze the combined effects of multiple factors on the spatial distribution of soccer specialty schools, this study 
employed the Interaction Detection method within the GeoDetector framework. Interaction Detection assesses 
how the interaction between two factors influences their combined contribution to spatial heterogeneity76. 
By comparing the q-value of the interaction between two factors to the individual q-values of each factor, the 
interaction can be categorized as Bivariate Enhancement, Non-linear Enhancement, Independence, or Bivariate 
Weakening. These interactions are defined as follows: Bivariate Enhancement76–78: Occurs when the q-value of 
the interaction between two factors exceeds the sum of their q-values, indicating that their combined effect on 
spatial distribution is synergistic. Non-linear Enhancement: Identified when the q-value of the interaction is 
greater than the higher of the individual q-values but less than their sum, suggesting a significant but not fully 
additive interaction. Independence: Observed when the combined q-value equals the sum of the individual 
q-values, implying that the factors do not influence each other’s effects. Bivariate Weakening occurs when the 
combined q-value is less than the sum of the individual q-values, indicating that the interaction reduces the 
overall impact of the factors.

Data availability
All data generated or analyzed during this study are included in this published article and its supplementary 
information files.
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