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From the 2008 Beijing Olympic Games to the 2022 Beijing Winter Olympics, the

sustainable development of competitive sports has become more and more popular

in China. Therefore, for the sustainable development of China’s competitive sports,

first, the logical relationship of “pressure-state-response” is adopted to select the

index system, covering the elements of the economy, society, policy, and so on.

Principal component analysis and entropy weight method are used to construct

the comprehensive evaluation model of the sustainable development of competitive

sports. Second, through the coupling coordination method to study the coordinated

development of China’s competitive sports and economic society, and then from the

perspective of the obstacle factor diagnosis method to determine the obstacles to the

sustainable development of China’s competitive sports system. Finally, the DEA model

is used to predict the development level of competitive sports in China’s provinces

in the next 10–20 years. The research shows that the overall development level of

competitive sports in China is good, but there are certain differences among different

regions. Meanwhile, from the forecast results, the development level of competitive

sports in Hainan, Shanxi, Anhui, Jiangxi, Inner Mongolia, Gansu, and Ningxia may be

greatly improved in the future. Based on the above research conclusions, this study

puts forward some suggestions to give full play to the joint and synergistic development

effect among different regions, reasonably draw lessons from the advanced experience

of competitive sports development at home and abroad, and scientifically construct

the comprehensive development system of competitive sports. At the same time, the

research of this study provides some reference value for the sustainable development

of China’s competitive sports and the coordinated development of China’s competitive

sports and economic society.
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INTRODUCTION

With the rapid development of society, there are many standards
to measure the development level of a country, among which
competitive sports is one of them (Hou and Xiao, 2021). General
Secretary Xi Jinping has mentioned many times in his public
speeches that the relationship between sports and economic
society should be treated with dialectical thinking. Sports are not
only a sport but also a source of power to promote economic
and social development and a key productive force for social
wealth (Liu, 2011). In the process of economic development
in today’s society, personal demand for sports is becoming
more and more abundant, and this trend has gradually derived
a series of niche sports, thus driving the growth engine of
the social economy. General Secretary Jin Ping stressed that
“sports are an important social cause in today’s society, and
the competitive sports industry is an important support for
building a strong sports country, and a key component of
sustainable economic and social development (Qu and Gao,
2022)”. It can be seen that the development of competitive
sports is closely related to the economic development of
a country.

In recent years, to promote the sustainable development
of China’s competitive sports, China has implemented a series
of relevant policies. In 2019, China issued the Outline of
Building a Strong Country in Sports, emphasizing the need
to enhance the overall strength and international influence
of competitive sports (Wang, 2013). In 2020, the National
Sports Policy and Regulations Planning Work Key points in
2020 was issued, which clearly proposed to comprehensively
promote sports reform and strengthen the construction of
sports rule of law. In 2021, it issued the Guiding Opinions on
Accelerating the Development of the Sports Industry, stressing
efforts to develop the sports competition and sports performance
market and build influential and distinctive event brands (Du
et al., 2020). In the same year, in the 14th Five-year Plan for
Sports Development, China clearly stated that competitive sports
should be brought to a new level and the legal level of sports
should be further improved. In 2022, the state issued the Main
Points of Work on Mass Sports in 2022, stressing the need to
promote the formation of a higher-level public service system
for national fitness and push the cause of national fitness to
a new level with a more ambitious attitude (Zou and Tian,
2020).

With the attention of the state, China’s competitive sports
have been developing continuously. From the previous Olympic
Games, China has made a number of achievements, China’s
competitive sports career has gradually made breakthroughs
in various sports, and the 2022 Beijing Winter Olympic
Games skiing achieving new achievements is one of them
(Dong, 2015). Although the development of competitive sports
is of great significance to the economic development of
the society as a whole, it belongs to a huge system of
competitive sports. Once the inner system is impacted by the
external or internal resilience to drop, it will result in the
stagnation of the whole system or collapse phenomenon, thus
affecting the sustainable development of competitive sports and

even the entire social undertaking (Zhou, 2019). Therefore,
this study constructs a comprehensive evaluation model of
sustainable development based on the current development
status of the competitive sports system, studies the coordinated
development of competitive sports and economic society and
the hindering factors of sustainable development of China’s
competitive sports system, and predicts and analyzes the future
development of competitive sports (Ye, 2020; Yu and Ye,
2021) to promote the sustainable development of competitive
sports in China to put forward constructive suggestions.
The overall research framework of this study is shown in
Figure 1.

LITERATURE REVIEW

Winter Olympics and Competitive Sports
The development of competitive sports is a key part to promote
the sustainable development of a country’s economy and society.
After the 2022 Winter Olympics, many scholars conducted
research on the Winter Olympics and sports competitions (Su,
2020). Xia (2022) studied China’s demeanor as a great power in
the Beijing Winter Olympics under the background of sports
diplomacy, demonstrating the firm belief of our country and
nation in promoting the building of a community with a
shared future for humanity and the good image of sunshine,
prosperity, and openness, and enhancing the understanding and
understanding of people around the world about China. Cui
and Yin (2022) studied the effects after the Beijing Winter
Olympics, believing that the Beijing Winter Olympics promoted
the enlightenment value of China’s ice and snow culture
construction and the economic benefits of ice and snow, and
contributed theoretical wisdom to the post-effect of the Beijing
Winter Olympics and the development of the ice and snow
industry in the post-Olympic era. At the same time, Sun et al.
(2021) put forward some suggestions for selecting innovative
sports talents and exploiting the comprehensive benefits of the
Winter Olympics in the case of the Winter Olympics held in
South Korea in the same year. In addition to playing a vital
role in the Olympic Games, competitive sports are also closely
related to our daily life, especially their role in rallying people
and inspiring their spirits (Zhang and Sun, 2021; Zhang et al.,
2022).

Sustainable Development and Sports
Competition
At present, many scholars at home and abroad have conducted
relevant studies on the sustainable development of competitive
sports. Yang and Peng (2018) studied the systematic structure
of the sustainable development of reserve talents training in
China’s competitive sports and put forward the suggestion that
the sustainable development of reserve talents training in China
should organically unify the development degree of quantitative
dimension, the coordination degree of quality dimension, and
the continuity degree of mode dimension. Yang (2022) studied
the difficulties in the development of competitive sports in China
and put forward the countermeasures of innovative technology
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FIGURE 1 | The overall research framework of the study.

FIGURE 2 | PSR model.

guidance and innovative development ideas. Peng and Yang
(2021) studied the development strategy and innovation path
of China’s competitive sports during the “14th Five-year Plan”
period and put forward suggestions to build a new model of
major sports competition preparation with multiple participants

of the government and social forces and focus on resolving
structural contradictions of competitive sports. Wang (2019)
studied the current situation of the development of competitive
sports in China, deeply analyzed the strategic dilemma of
competitive sports, and put forward a number of suggestions,
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FIGURE 3 | Flowchart of constructing an evaluation model.

such as gradually narrowing the regional economic gap, and
formulating the combination of unity and division according
to the regional characteristics. Yang and Li (2021) studied the
strategic mission and innovation path of China’s competitive
sports in the new era and proposed that competitive sports in
the new era should be “based on three new goals, shoulder four
new missions, implement five new ideas and practice six new
paths”. In addition, Huang (2021) used the PSR model to study
the sustainable development of competitive sports in China.
Han et al. studied the sustainable development of competitive
sports in the “post-Olympic” period of Olympic host countries
based on the theory of institutional regulation (Chun and Chun,
2011).

DEA Model and Sports Competition
Data envelopment analysis (DEA) is a method that can evaluate
multiple inputs and outputs. Its advantage lies in that it does not
need to form a production function to estimate the parameters,
it is not affected by the measurement units of input and
output variables, and the weight in the DEA method is not
affected by human subjective factors. At present, the research
of the DEA model in the field of sports mainly focuses on
the evaluation of the input-output efficiency of mass sports,
the evaluation of the benefit of competitive sports training,
and the evaluation of the financial input efficiency of sports-
related industries. Based on the dynamic DEA-SBM model, Zhu
(2018) studied the influence of social security input on the
output efficiency of competitive sports in 30 provinces and cities
from 2013 to 2016 and the differences among regions and put
forward suggestions for promoting the healthy and sustainable
development of sports in China. Man (2018) uses the DEA
model to calculate the efficiency of coordinated operation of
sports undertakings in 31 provinces of China, and constructs the
system dynamics model of coordinated sustainable development
of sports undertakings in China. Li and Li (2014) studied the
evaluation model of competitive sports efficiency in various
provinces and regions of China through the DEAmodel, and put
forward relevant suggestions on the development of competitive
sports efficiency in the low-efficiency group. You et al. (2016)
used the DEAmodel to study the training benefits of competitive
sports in various regions of China, providing a reference
for decision-making departments to formulate development
strategies for competitive sports. Li (2008) established a fair
DEA model and measured the performance of each country

TABLE 1 | KMO and Bartlett tests.

The number of tangents for KMO sampling 0.601

Bartlett spherical degree test Approximate chi-square 606.653

Degree of freedom 190

Significance 0

in six Summer Olympics by introducing various guarantee
domains of specific countries into DEA. Lei et al. (2014) treated
the Summer and Winter Olympics as a parallel system and
extended a parallel DEA approach to evaluate the efficiency of
each participant.

Based on the above analysis, most scholars conduct qualitative
research on the sustainable development of competitive sports
in China as a whole, but few divide China’s 31 provinces into
several regions for overall and regional quantitative research and
use the DEA model for prediction to draw relevant conclusions.
In view of this, this study innovatively divides China into
four regions according to the economic development of each
province, namely east, west, central and northeast, to carry
out relevant quantitative research. The possible contributions
of this study are as follows: (1) according to the economic
conditions of each province in China, it is divided into four
regions for local and overall research to analyze the heterogeneity
between regions and provide data basis for different regions to
formulate relevant policies according to local conditions. (2) PSR
model is used to select evaluation indicators to comprehensively
evaluate the sustainable development of China’s competitive
sports and obtain the development status of competitive sports
in different regions. (3) Study the coordinated development
of competitive sports and economic society in China with
the help of the coupling coordination method, and get the
relationship between competitive sports and economic and social
development in different regions. (4) Determine the hindering
factors of sustainable development of China’s competitive sports
system through the diagnostic method of obstacle factors,
and get the hindering degree of each factor to different
regions. (5) The DEA model is constructed to predict the
development level of competitive sports in each province in
China in the next 10–20 years, and the future development
status of competitive sports in different regions is obtained,
providing empirical basis for China’s relevant policies based on
local conditions.
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TABLE 2 | Explanation of total variances.

Constituent Initial eigenvalue Extract the square sum of the load

Total Variance percentage Cumulate (%) Total Variance percentage Cumulate (%)

1 8.920 44.598 44.598 8.920 44.598 44.598

2 3.330 16.652 61.250 3.330 16.652 61.250

3 1.683 8.413 69.663 1.683 8.413 69.663

4 1.296 6.479 76.142 1.296 6.479 76.142

5 1.041 5.206 81.348 1.041 5.206 81.348

6 0.729 3.643 84.991 — — —

7 0.640 3.198 88.190 — — —

8 0.528 2.637 90.827 — — —

9 0.410 2.049 92.876 — — —

10 0.361 1.804 94.680 — — —

11 0.296 1.481 96.160 — — —

12 0.235 1.174 97.334 — — —

13 0.153 0.762 98.097 — — —

14 0.117 0.587 98.684 — — —

15 0.090 0.450 99.134 — — —

16 0.069 0.343 99.477 — — —

17 0.064 0.318 99.795 — — —

18 0.025 0.123 99.918 — — —

19 0.010 0.048 99.965 — — —

20 0.007 0.035 100.000 — — —

RESEARCH ON COMPREHENSIVE
EVALUATION OF SUSTAINABLE
DEVELOPMENT OF COMPETITIVE
SPORTS BASED ON PSR MODEL

Construction of Sustainable Development
Index System for Competitive Sports
According to the economic development of each province,
this study divides China into four regions: eastern, western,
central, and northeast. In combination with the indicators
selected for the sustainable development of competitive sports
in China by using the PSR model in Huang’s article (Huang,
2021), and the similarity between competitive sports system
and natural system, the evaluation indexes of competitive
sports system are determined from the logic relation of
pressure-state-effect in the PSR model, and 20 second-level
indexes and five first-level indexes are selected in this study.
The evaluation index of the competitive sports system is
determined from the logical relation of pressure—state—effect
in the PSR model. At the same time, 20 secondary indicators
corresponding to the three modules of “pressure-state-response”
in the PSR model are selected according to the characteristics
of each indicator’s attributes. The PSR model is shown in
Figure 2.

To reasonably establish a comprehensive evaluation model
for the sustainable development of competitive sports, this study
performs corresponding data processing on the 20 secondary
indicators that have been selected, including taking the reciprocal
of the cost-based indicators, converting the data into efficiency

indicators, and then standardizing the data (Cai et al., 2021; Xu
et al., 2021). Then, the principal component analysis model is

used to reduce the dimensionality of 20 secondary data indicators

to obtain five first-level indicators. Finally, on this basis, the

entropy weight methodmodel is used to calculate the weight size,

and the expression of the comprehensive evaluation model of the

sustainable development of regional sports in China is obtained,

and the specific process is shown in Figure 3.

This study uses 20 secondary indicators and five first-level

indicators as criteria to measure the sustainable development

of regional competitive sports in China. Among them, the 20

secondary indicators are per capita GDP (P1), urbanization
rate (P2), total population (P3), the natural population growth

rate (P4), population density (P5), the proportion of illiterate

people over 15 years old (P6), the number of athletes who

have won world/Olympic championships (S1), the number

of gold medals in the National Games (S2), the number of
athletes on outstanding sports teams (S3), the number of

sports venues per capita (R1), the public budget expenditure

of the sports system (R2), the expenditure of culture, sports,
and media (R3), the number of full-time coaches (R4), the

number of sports reserve talents (R5), the number of referee

development (R6), the number of youth sports clubs (R7), the

number of schools in sports traditions (R8), tertiary sector

to REGIONAL GDP ratio (R9), sports lottery sales (R10),
and access to scientific research grants (R11). Five first-level

indicators obtained after dimensionality reduction by principal

component analysis are named competitive sports pressure
(CSP), competitive sports achievement (CSR), competitive sports
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TABLE 3 | Component scoring coefficient matrix.

Factor Ingredients

1 2 3 4 5

P1 0.21 0.3546 0.1461 −0.0537 −0.23

P2 0.1986 0.4007 −0.0218 −0.0352 −0.0529

P3 0.2386 −0.3334 −0.1446 −0.0036 0.0361

P4 −0.0743 −0.261 0.4659 −0.2523 −0.0695

P5 −0.1374 −0.04 0.0666 0.6294 0.2441

P6 0.1042 0.3803 −0.2638 −0.1292 0.1344

S1 0.241 −0.0831 0.1784 −0.1148 0.4736

S2 0.295 −0.0139 0.0601 −0.1406 −0.2573

S3 0.2938 −0.0146 −0.1374 0.0916 0.0235

R1 −0.0064 0.0463 0.6222 −0.0551 −0.2513

R2 0.2825 0.1234 0.2098 0.1868 0.1927

R3 0.3037 0.0295 0.0725 0.0087 0.1144

R4 0.2807 −0.1064 −0.154 0.1125 −0.2228

R5 0.2479 −0.1222 −0.199 −0.1415 −0.1449

R6 0.1545 −0.2005 −0.1552 0.3422 −0.2919

R7 0.2131 −0.1046 0.0785 −0.1431 0.5218

R8 0.2941 −0.167 0.0367 −0.0776 0.037

R9 0.1094 0.446 0.0336 −0.0264 0.0162

R10 0.2723 −0.2201 0.0457 −0.0258 −0.1554

R11 0.1965 0.0996 0.2781 0.5122 −0.0474

cost (CSC), competitive sports talent (CST), and competitive
sports benefit (CSB), respectively.

Modeling and Solving
In this study, the 20 indicators of the model are tested by Kaiser-
Meyer-Olkin (KMO) and Bartlett, and the test results are shown
in Table 1. From the results of this test, it can be seen that the
significance level of the 20 indicators of the model is high, and
each indicator passes the significance test of themodel, indicating
that the indicators of themodel can be further analyzed (Yang and
Huang, 2015; He et al., 2021).

This article calculates the values of the interpretation of the
total variance for these 20 indicators and the results are shown in
Table 2. Among them, the cumulative variance of components
1–5 is explained by 81.348%, which means that of the 20
components, the first five principal components can explain their
total variance of 81.348%. Therefore, from the results of the total
variance interpretation table, the first five principal components
can be extracted as indicators after dimensionality reduction
treatment (Lu and Shi, 2021; Yu and Wang, 2021; Sun et al.,
2022).

To be able to more reasonably determine the extracted
principal component index, a factor analysis gravel plot was
prepared for the 20 indicators, and the component score
coefficient matrix analysis was carried out, and the analysis
results were as follows.

In a factor analysis lithotripsy, the vertical axis represents the
eigenvalues, the horizontal axis represents the components, and
the steep parts in front of the eigenvalues are large and contain

more information. The polylines of factors 1, 2, 3, 4 and 5 in the
Figure 4 are steep, and the subsequent folds are relatively flat and
tend to be straight, and the first five factors can be extracted as
common factors. Meanwhile, the score coefficient matrix values
of each component are shown in Table 3.

After determining the five major principal component
indicators, the weight of the five major components was obtained
by using the entropy method of MATLAB. To facilitate readers’
understanding, the five first-level indicators were named CSP,
CSR, CSC, CST, and CSB, and the results are shown in Table 4.

From this result, it can be seen that physical units of
measurement can also be measured in entropy values. At the
same time, in the case of a larger entropy value, the more chaotic
the data, and the less valid information it carries, the lower the
corresponding utility value, so the corresponding weight is also
smaller. In addition, the research principle of the entropy value
method is mainly to use the information value brought by the
entropy value to determine the weight of each indicator, further
analyze the indicators through the basic principles, and then
bring the weights of each indicator into the description, and
finally summarize the analysis results to reach a conclusion.

Through five first-level indicators: competitive sports pressure
(CSP), competitive sports results (CSR), competitive sports cost
(CSC), competitive sports talents (CST), competitive sports
benefits (CSB) were integrated, and finally, a mathematical
model for evaluating the comprehensive evaluation of the
sustainable development of regional competitive sports in China
was as follows:

CSS = 0.3729CSP + 0.1641CSR+ 0.1561CSC + 0.1754CST

+ 0.1314CSB. (1)

Among them, CSS is a comprehensive evaluation index for the
sustainable development of regional competitive sports in China.
CSP, CSR, CSC, CST, and CSB are five indicators.

The standardized data of each province are brought into the
comprehensive evaluation model of regional competitive sports
in China. The comprehensive score of each province is obtained
and the sustainable development level of competitive sports in
each province is sorted according to the score to obtain the results
as shown in Table 5.

From Table 5, it can be seen that among the provinces
in the eastern region of China, Guangdong has the highest
comprehensive score for competitive sports, with a score of
95.468; among the provinces in the western region, the highest
comprehensive score for competitive sports is Sichuan, with a
score of 61.321 Among the provinces in the central region, the
highest comprehensive score for competitive sports is Hubei,
with a score of 61.059; among the provinces in the northeast
region, the highest comprehensive score for competitive sports
is Liaoning, with a score of 63.299. In addition, by comparing
the scores of various regional provinces, it can be found that
the provinces in the eastern region have a large advantage in
the overall trend of scoring, and the other three regions and
provinces are not much different. Further investigation into the
reasons behind this is mainly due to the differences in the level of
economic development, environmental factors, and geographical
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FIGURE 4 | Twenty factor analysis gravel plots.

location of each region. Specifically, the economic development
level in the eastern region is higher than that of the central
and western regions, and most of the sports innovation talents
are concentrated in the central and eastern regions; while the
western regions lack talent resources and sports resources are
scarce. At the same time, there are more sports in the central
and eastern regions, resulting in the efficient development of
the competitive sports system; while the western regions are
remote due to their geographical location. There are fewer sports
that can be developed, resulting in a lower level of development
of competitive sports. In addition, the state’s financial subsidy
support for the development of sports in the eastern region is
relatively large, which in turn, has a higher degree of promotion
effect on the sustainable development of the competitive sports
system; and the financial support for the other three regions is
comparative It is not as strong as the support in the eastern
region, which in turn, plays a certain role in inhibiting the
sustainable development of the competitive sports system.

EMPIRICAL ANALYSIS OF COORDINATED
DEVELOPMENT BETWEEN CHINA’S
COMPETITIVE SPORTS SYSTEM AND
ECONOMIC SOCIETY BASED ON
COUPLING COORDINATION METHOD

Competitive sports are an important force to support economic
and social development, and economic development is a booster
to promote competitive sports to a higher level, and the two are
closely linked. Based on the above-mentioned evaluation model,

it is first necessary to standardize the data of each province,
and then use the data of the secondary indicators given by each
province. The principal component analysis method calculates
the weights of the five first-level indicators, and then calculates
the coupling coordination degree between the three subsystems
of China’s competitive sports and the coordinated development
of the economy and society according to the pressure (P), state
(S), and response (R) data of each province, and finally solves the
coupling coordination degree of each province, and the specific
calculation formula is as follows:

C =

{

F(P)× G(S)× Q(R)/

[

F(P)+ G(S)+ Q(R)

3

]3
}3

. (2)

In Equation (2), C is the coupling degree between the
competitive sports system and the level of coordinated economic
and social development. The value range is (0, 1), the size
of the C value is determined by the evaluation value of the
competitive sports system and the level of coordinated economic
and social development, and the C value becomes larger
with the enhancement of the interaction relationship between
the two coordinated development levels. Where F(P), G(S),
and Q(R), respectively, represent the comprehensive evaluation
values of pressure, state, and response, which are calculated by
means of principal component analysis in Section Introduction
comprehensive evaluation values of pressure, state, and response
are represented.

Drawing on the research results of existing scholars and
combined with the actual situation studied in this study, the
coordinated development of China’s competitive sports system
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TABLE 4 | Weight calculation results of the entropy method.

Item Information entropy

value e

Information effect

value d

Weight

coefficient w

CSP 0.8732 0.1256 37.29%

CSR 0.9442 0.0558 16.41%

CSC 0.9469 0.0531 15.61%

CST 0.9403 0.0597 17.54%

CSB 0.9553 0.0447 13.14%

and economic and social development is divided into the
following four types according to the value of coupling degree,
as shown in Table 6.

According to the above formula, the data are imported into the
SPSS software, and the coupling degree of the competitive sports
system and the economic and social development of 31 provinces
in China is calculated as shown in Table 7.

According to Table 7, the 31 provinces in the Chinese
region are divided into four types according to the intensity of
interaction between the competitive sports system and the level
of economic development, and only Beijing, Jiangsu, Guangdong,
and Shanghai 4. The level of coupling and coordination
between the competitive sports system and economic and social
development in various provinces has reached a good level;
Liaoning, Zhejiang, Fujian, Shandong, and Hubei have reached
a good level. The coupling type of Sichuan, Shaanxi, and Tianjin
is primary, indicating that the province has begun to show
a trend of mutual checks and balances, and the competitive
sports system and the economy and society have shown
benign coupling characteristics Hebei, Hunan, Inner Mongolia,
Jilin, and Heilongjiang provinces. The interaction between the
competitive sports system and the economy and society has
been strengthened, and the internal correlation degree of the
three subsystems has gradually increased, which is manifested
as a reluctant coupling and coordination type; the coupling and
coordination degree between the competitive sports system and
the economy and society in the remaining 14 provinces is on the
verge of being out of balance. Therefore, from the above analysis,
it can be found that most provinces in the eastern region have
developed well in coordination with the economic level, followed
by the central region, and the northeast and the western region
are relatively backward, that is, the coupling coordination level
shows a decreasing trend of the eastern → the central → the
northeast→ the western part.

Comprehensive analysis of the reasons for the occurrence
of the above phenomena is mainly in the following aspects:
for the eastern region, first, the eastern region is mostly
located in the coastal area, with a high level of economic
development, strong innovation ability, rich sports resources,
and the development of competitive sports. The development
provides a solid foundation. Second, the state has invested more
in the economy and material resources of the eastern region,
attracting a large number of talents, especially sports talents,
making the coordinated development of competitive sports and
economic levels more cutting-edge. Third, the residents of the

TABLE 5 | Comprehensive evaluation scores and ranking tables of provinces by

region.

Region Province Overall evaluation score Position

Eastern region Guangdong 95.468 1

Shanghai 85.158 2

Jiangsu 82.272 3

Beijing 75.904 4

Shandong 72.184 5

Zhejiang 70.623 6

Tianjin 60.706 7

Fujian 57.59 8

Hebei 54.792 9

Hainan 43.159 10

Central region Hubei 61.059 1

Hunan 55.268 2

Henan 54.268 3

Shanxi 51.689 4

Anhui 50.631 5

Jiangxi 47.763 6

Western region Sichuan 61.321 1

Shaanxi 54.213 2

Inner Mongolia 53.323 3

Chongqing 49.587 4

Guangxi 47.796 5

Yunnan 47.664 6

Gansu 46.794 7

Xinjiang 46.083 8

Ningxia 42.474 9

Guizhou 41.905 10

Qinghai 41.01 11

Tibet 38.648 12

Northeast region Liaoning 63.229 1

Heilongjiang 56.737 2

Jilin 52.099 3

eastern region are more open-minded, can well accept the rapid
development of competitive sports, and at the same time realize
the inextricable relationship between competitive sports and the
level of economic development, which can effectively promote
the improvement of their living standards and then coordinate
them the level of development works better. For the central
region, the current economic development level is in a period
of transition, not as active as the eastern region, and at the same
time, affected by the geographical location. Many high-end sports
talents are reluctant to come to the central region, resulting in
the coupling and coordination between the competitive sports
system and the economic level being not as good as in the
eastern region. For the northeast region, the development of
competitive sports talents is not comprehensive enough. Due
to the geographical location of the northeast region, most of
the athletes trained are engaged in ice and snow sports, such
as the 2022 Beijing Winter Olympics. Many Olympic athletes
in China are from the northeast region, such as Wu Dajing, Jin
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TABLE 6 | Classification of competitive sports systems and economic and social coupling types.

The degree of coupling value Coupling type Features

C ∈ (0, 0.3) Verge of coupling out of balance The degree of interconnectedness between the competitive sports system and the economy

and society is low

C ∈ (0.3, 0.5) Reluctantly coupled coordination The intrinsic relevance of the three subsystems is gradually increasing

C ∈ (0.5, 0.8) Primary coupling coordination There is a benign coupling between the competitive sports system and the economy and

society

C ∈ (0.8, 1.0) Good coupling coordination High level of coordination and coupling period, high degree of interconnectivity

Boyang, and so on. Although the level of sports development in
the northeast of China is significantly better than that of other
regions for Winter Olympics, the athletes in the northeast region
are slightly inferior to the more well-known Olympic Games
than the Winter Olympic Games. Second, the level of sports
development does not match the level of economic development.
The overall level of sports development in the eastern region
is high, but the overall level of economic development is low,
which leads to a low degree of coupling and coordination
between the two. First, the geographical location of the western
region is relatively remote, the level of economic development
is backward, and the lack of sports resources has led to the
development level of competitive sports in the western region
lagging behind that of the central and eastern regions. Second, the
state has invested less in the development of sports in the western
region. Its innovation ability is weak and the development of
the local competitive sports system has not been able to keep up
with the pace of the development of the international competitive
sports system in time, making it difficult to attract sports
innovation talents. Third, the thinking of residents in the western
region is relatively conservative, and they have not fully accepted
the new idea that competitive sports have gradually become
the sports of the whole people, resulting in a deviation in the
overall residents’ cognition of competitive sports, which in turn,
has limited the level of coupling and coordinated development
between the competitive sports system and the economic level.

OBSTACLES TO SUSTAINABLE
DEVELOPMENT OF CHINA’S
COMPETITIVE SPORTS

Research Ideas
After research and analysis of the development status of
competitive sports in various provinces in China and its coupling
and coordination with economic and social development to
promote the efficient and sustainable development of competitive
sports, the main obstacles to the sustainable development of
competitive sports will be studied below. First of all, the barrier
degree formula is used to calculate the obstacle degree of each
factor in each province, and the second is that all provinces
are divided into four regions: the eastern, central, western, and
northeastern regions. At the same time, to link the provinces
in the four regions, this study uses the gray association analysis
method. It uses the degree of an obstacle as an indicator for
analysis, and finally ranks the degree of an obstacle of each factor

to analyze the main obstacle factors affecting the sustainable
development of competitive sports in various regions.

Model Creation
Establishment of Diagnostic Model for Disorder

Factors
The barrier factor diagnosis model analyzes the data of various
indicators of competitive sports in various regions and calculates
the degree of obstacle of each factor from the two levels of
indicator categories and indicators, to determine the current
factors hindering sustainable development of competitive sports
in various regions. The blocking factor diagnostic model is
calculated as follows:

Iij = 1− Zij. (3)

Aij =
IijGj

∑20
j=1 IijGj

. (4)

In the above formula, Iij is the deviation degree of the JTH index
of the ith sample; Zij is the fitting degree of a single index; Gj is
the weight of the JTH index in the evaluation system; and Aij is
the hindrance degree of the JTH index of the ith sample.

Establishment of Gray Association Analysis Model
The gray correlation analysis method is used in supplier selection
decision-making for a large number of uncertainties and their
interrelationships, and organically combines quantitative and
qualitative methods to make the original complex decision-
making problems clearer and simpler, and the calculation is
convenient and can be used to a certain extent. The subjective
arbitrariness of decision-makers is excluded, and the conclusions
drawn are more objective and have a certain reference value. The
specific steps for the establishment of the gray association analysis
model are as follows:

(1) Determine the comparator (evaluation object) and the
reference number column (evaluation criteria). There are m
evaluation objects, n evaluation indicators, reference numbers
listed, x0{x0(k)|k = 1, 2, · · · , n} and comparative numbers
listed as columns xi

{

xi
(

k
)∣

∣k = 1, 2, · · · , n
}

, i = 1, 2, · · · m.
(2) Determine the weight corresponding to the value of each

indicator. The weight corresponding to each index can be
determined by using the analytic hierarchy method ω =

[ω1, · · · ,ωn], of which the weight corresponding to the
ωk(k = 1, 2, · · · , n) k-th evaluation index is used.
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TABLE 7 | Coupling degree between competitive sports system and economic

and social development.

Province The degree of coupling value Coupling type

Beijing 0.983 I

Jiangsu 0.942 I

Guangdong 0.901 I

Shanghai 0.858 I

Liaoning 0. 798 II

Zhejiang 0.795 II

Fujian 0.778 II

Shandong 0.732 II

Hubei 0.729 II

Sichuan 0.621 II

Shaanxi 0.608 II

Tianjin 0.598 II

Hebei 0.485 III

Hunan 0.463 III

Inner Mongolia 0.397 III

Jilin 0.368 III

Heilongjiang 0.342 III

Shanxi 0.292 IV

Anhui 0.283 IV

Jiangxi 0.267 IV

Henan 0.253 IV

Guangxi 0.251 IV

Chongqing 0.244 IV

Guizhou 0.231 IV

Yunnan 0.205 IV

Tibet 0.195 IV

Gansu 0.182 IV

Qinghai 0.180 IV

Ningxia 0.164 IV

Xinjiang 0.159 IV

Hainan 0.132 IV

I: Verge of coupling out of balance; II: Reluctantly coupled coordination; III: Primary

coupling coordination; IV: Good coupling coordination.

(3) Calculate the gray correlation coefficient:

ξi
(

k
)

=

min
s

min
t

|x0(t)− xs (t) |+ρ max
s

max
t

|x0(t)− xs(t)|

|x0
(

k
)

− xi
(

k
)

| + ρ max
s

max
t

|x0(t)− xs(t)|
.

(5)

The correlation coefficient listed on the xix0 k-th indicator
for the comparison sequence pairs the reference number,
where is the resolution coefficient. Among them, the two-
stage minimum difference and the two-stage maximum
difference are said to be, respectively, ρ ∈ [0, 1] |x0(t) −
xs (t) |maxs |x0 (t) − xs (t) |.

Generally speaking, the higher the resolution coefficient is,
the higher the resolution is. The smaller the ρ, the smaller
the resolution.

TABLE 8 | Obstacle scores and rankings by region.

Region Index Score Ranking

East division earth district S1 0.8386 1

R6 0.8026 2

R11 0.7941 3

P6 0.7829 4

R7 0.727 5

P5 0.6738 6

R8 0.6551 7

P3 0.6434 8

R2 0.6432 9

P4 0.6332 10

R3 0.6187 11

R4 0.617 12

R1 0.6089 13

R10 0.6059 14

R5 0.5564 15

S2 0.5558 16

S3 0.5489 17

P1 0.5232 18

P2 0.5188 19

R9 0.5031 20

Middle division earth district R11 0.8431 1

S3 0.7337 2

R3 0.7165 3

P1 0.714 4

P6 0.7117 5

P4 0.6911 6

R1 0.6899 7

R9 0.684 8

S2 0.6516 9

R2 0.6393 10

R4 0.6368 11

R10 0.628 12

P3 0.6134 13

P5 0.5917 14

R7 0.5752 15

R8 0.5669 16

S1 0.5667 17

P2 0.5562 18

R6 0.5466 19

R5 0.5042 20

West division earth district R8 0.8254 1

S1 0.7879 2

R11 0.7682 3

R5 0.7146 4

S3 0.6849 5

R6 0.6758 6

S2 0.6734 7

P3 0.6466 8

R4 0.613 9

P4 0.6127 10

(Continued)
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TABLE 8 | Continued

Region Index Score Ranking

R10 0.6098 11

R1 0.6096 12

R2 0.6055 13

R3 0.5985 14

P6 0.5903 15

R9 0.5688 16

P1 0.5639 17

R7 0.5571 18

P5 0.5527 19

P2 0.4882 20

East north earth district P4 0.7778 1

R5 0.7684 2

R6 0.7653 3

R2 0.7539 4

S1 0.7511 5

R1 0.7225 6

R7 0.7017 7

P6 0.6948 8

P2 0.6572 9

R4 0.613 10

R3 0.6076 11

S2 0.5897 12

P3 0.5895 13

R9 0.5864 14

P5 0.5851 15

R10 0.5809 16

R11 0.5789 17

R8 0.5735 18

P1 0.5636 19

S3 0.5616 20

(4) Calculate the gray weighted correlation degree. Gray
weighted correlation degrees are calculated as:

ri =
∑

m
k=1ωiξi(k). (6)

Where ri is the gray weighted correlation degree of the i-th
evaluation object to the ideal object.

Solve the Barrier Factors for Each Region
According to the Gray Association Method
According to the 20 indicators of “pressure-state-response”
included in the PSR model above, in this study, 20 indicators are
used as factors hindering competitive sports in various regions,
and the comprehensive score of each index in each region is
solved according to the obstacle factor diagnosis model and the
gray correlation method, and the higher the score, the greater
the obstruction of the index to the region. For example, in the
east of China area, this study first of all, the region will be
20 indicators data in turn into obstacle factor model, the solution
of each factor blocking degree, at the same time to will be linked

to the provinces in the four regions, this article USES the gray
correlation analysis method, using degree as index were analyzed,
and all indexes have to sort of get Table 8.

From the above solution results, the main obstacle factor can
be selected according to the score of each obstacle factor, and
the top five obstacle factor scores in each region are taken as the
main obstacle factors in this area. Therefore, the main obstacle
factors in the eastern region are the number of athletes who
have won the World/Olympic championship (S1), the number
of referees (R6), the number of scientific research funds (R11),
the proportion of illiterate people over 15 years old (P6), and the
number of youth sports clubs (R7). The main obstacle factors in
the central region are access to scientific research grants (R11),
the number of athletes on excellent sports teams (S3), cultural
and sports media expenditure (R3), GDP per capita (P1), and the
proportion of illiterate people over 15 years old (P6). The main
obstacle factors in the western region are the number of schools
in traditional sports (R8), the number of athletes who have won
World/Olympic championships (S1), the number of scientific
research funds (R11), the number of sports reserve talents (R5),
and the number of athletes on outstanding sports teams (S3).
The main obstacle factors in the northeast region are the natural
population growth rate (P4), the number of sports reserve talents
(R5), the number of referees (R6), the public budget expenditure
of the sports system (R2), and the number of athletes who have
won world/Olympic champions (S1). Figure 5 shows the gray
correlation degree of obstacles for each indicator in each region.

According to the gray correlation degree of the index obstacle
in each region, it can be found that the top five obstacle factors
in different regions are different, and there are also differences
in the obstacle scores. For example, in the eastern region with a
good level of competitive sports development, when some hard
resources are reduced, such as the number of world/Olympic
champion athletes, the number of referees, and the number of
scientific research funds, the development of scientific research
funds and other resources are reduced. It will hinder the
development of eastern competitive sports. The first is the human
resource factor. Competitive sports itself is a sport that relies
on human development and the number of champion athletes
and the number of referees will directly affect the development
of competitive sports. Second, the factor of scientific research
funding. The amount of government investment in sports in the
eastern region will also directly affect its development, and when
the amount of funding declines, it will hinder the development of
competitive sports in the eastern region. The same is true of the
other three regional analysis principles, although the difference is
that the degree of resistance of each factor is different, and there
is regional heterogeneity.

PREDICTION OF THE FUTURE
DEVELOPMENT OF COMPETITIVE
SPORTS BASED ON THE DEA MODEL

After understanding the current situation, coordinated
development and hindering factors of competitive sports
development in various provinces and regions, the following
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FIGURE 5 | Gray correlation degree of barriers for various indicators in various regions.

article will predict the sustainable development of competitive
sports in China’s provinces in the next 10–20 years. In this study,
the model in the data envelopment analysis will be used, and
the pressure and response of the C2R PSR model in the previous
article will be used as the input index and the state as the output
index, to evaluate the future level of sports development and
obtain the level of development of scale remuneration.

Suppose there are n DMU, and each DMU has m kinds of
inputs and S kinds of outputs. Let x(i = 1, · · · ,m; j = 1, · · · , n)
represent the input quantity of the ith kind of the JTH DMU,
yrj = (r = 1, · · · , s; j = 1, · · · n) represent the output quantity
of the RTH kind of the JTH DMU, vi(i = 1, · · · , n) represent the
weight of the input of the ith kind, and jr(r = 1, · · · s) represent
the weight of the output of the RTH kind.

Vector Xj,Y j
(j = 1 , . . . , n) represents the input

and output vectors of decision unit J, respectively,
and v and u represent the input and output weight

vectors, respectively, Xj = (x1j, x2j, · · · , xmj)
′

Yj =

(y1j, y2j, · · · , yij)
′

uj = (u1, u2, · · · , um)
′

vj = (v1, v2, · · · , vs)
′

.

The efficiency evaluation index of the defined decision unit j is:

hj = (uTYj)/(v
TXj), j = 1, 2, · · · , n. (7)

The mathematical model for evaluating the efficiency of the
decision unit is:

max
uTYj0

vTXj0
, (8)

s.t.

{

uTYj0

vTXj0
≤ 1, j = 1, 2, · · · n,

u ≥ 0, v ≥ 0, u 6= 0, v 6= 0.
(9)
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With the Chaarnes-Cooper transform, the above model can be
transformed into an equivalent linear programming problem
ω = tv, u = tu, t = 1

vTXj0
as follows:

maxVj0 = uTYj0.

s.t.







ωTXj − uTYj ≥ 0, j = 1, 2, · · · , n,

ωTXj0 = 1,
ω ≥ 0, u ≥ 0.

(10)

It can be shown that model (9) is equivalent to model (10).
The dual linear programming model of the linear programming
problem has clear economic significance. The following is the
dual form of the model (11):

minθ.

s.t.







∑n
j=1 λjXj ≤ θXj0,

∑n
j=1 λjYj ≥ Yj0,

λJ ≥ 0, j = 1, 2, · · · , n.

(11)

According to the algorithm, the technical efficiency value and
the pure technical efficiency value are calculated with known
data, and the sum of the two is calculated to predict the scale
income of each province, and when the scale income of the
province increases, it indicates that the province has a better
development of competitive sports in the next 10–20 years. The
results of the specific scale income of each province are shown in
Table 9.

From the above prediction results, it can be seen that Hainan,
Shanxi, Anhui, Jiangxi, Inner Mongolia, Gansu, and Ningxia will
be 20 in the next 10 years. The increase in the annual scale of
income indicates that the development of competitive sports in
these provinces is better in the future and has a large room for
growth. The unchanged scale income of other provinces indicates
that the development of competitive sports in these provinces in
the next 10–20 years is relatively unchanged, mainly due to the
fact that in these provinces and Hainan and Shanxi, compared
with Anhui, Jiangxi, Inner Mongolia, Gansu, and Ningxia, the
increase in scale income is small.

Based on the prediction results, we delve into the reasons
behind it. In recent years, a number of policies promulgated by
China have repeatedly emphasized the coordinated development
of various regions and balanced the incoordination between
regions, and the development trend of competitive sports in
the next 10–20 years is also moving toward this aspect, which
is in line with the current and future economic and social
development of the era background. At present, the level of
competitive sports development in the central and western
regions is not as good as that in the eastern region mainly
in terms of human and material resources, there is a certain
lag. When the resources have been balanced, the government
departments to improve the resource supplement to the central
and western regions, its future development utility will be greatly
improved compared with the present, there has been an increase
in scale efficiency; and the current level of competitive sports
development in the eastern region is good, and the resources in
all aspects are close to being satisfied. The marginal benefits of

TABLE 9 | Scale gains by province.

Province TEV* PEV** Scale gains

Beijing 1 1 Unchanged

Tianjin 1 1 Unchanged

Hebei 1 1 Unchanged

Shanghai 1 1 Unchanged

Jiangsu 1 1 Unchanged

Chekiang 1 1 Unchanged

Fujian 1 1 Unchanged

Shandong 1 1 Unchanged

Guangdong 1 1 Unchanged

Hainan 0.672 1 Increasing

Shanxi 0.885 1 Increasing

Anhui 0.781 1 Increasing

Jiangxi 0.729 1 Increasing

Henan 1 1 Unchanged

Hubei 1 1 Unchanged

Hunan 1 1 Unchanged

Inner Mongolia 0.977 1 Increasing

Guangxi 1 1 Unchanged

Chongqing 1 1 Unchanged

Sichuan 1 1 Unchanged

Guizhou 1 1 Unchanged

Yunnan 1 1 Unchanged

Tibet 1 1 Unchanged

Shaanxi 1 1 Unchanged

Gansu 0.739 0.755 Increasing

Qinghai 1 1 Unchanged

Ningxia 0.844 1 Increasing

Xinjiang 1 1 Unchanged

Liaoning 1 1 Unchanged

Jilin 1 1 Unchanged

Heilongjiang 1 1 Unchanged

*TEV is an abbreviation for technical efficiency values, **PEV is an abbreviation for Pure

technical efficiency values.

continuous transportation of resources are not significant and
are manifested in the same fluctuations as the current level of
competitive sports development, so the scale benefits brought
by it are close to the same. In summary, in the coming time,
there is a large room for improvement in the development
level of competitive sports in the central and western regions,
and various government departments and sports departments
should pay attention to and increase the allocation of resources
to the central and western regions to promote the coordinated
development of competitive sports between regions and ensure
the sustainable development of the entire Chinese competitive
sports system.

CONCLUSION

In today’s era of rapid development, competitive sports
have become an important indicator to measure the level of

Frontiers in Psychology | www.frontiersin.org 13 July 2022 | Volume 13 | Article 925909

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Zhang et al. Sustainable Development of Competitive Sports in China

China’s comprehensive strength. The sustainable development
of competitive sports has important practical value and
theoretical significance for promoting China’s economic
development, stimulating patriotic feelings, and carrying
forward the spirit of Chinese civilization. In this study,
based on constructing the indicators of the comprehensive
development level of competitive sports, the PSR model, the
coupled coordination method, the obstacle factor method,
and the DEA model are used to align. The development
status of national competitive sports was evaluated at a
comprehensive level and the coordinated development of
competitive sports and economic and social development
was studied. The obstacles to the sustainable development
of China’s competitive sports system were studied, and
the future 10-2 was studied. The 0-year development
situation is predicted. The main conclusions obtained are
as follows:

(1) From the perspective of the overall macro pattern of
China, the overall development level of China’s competitive
sports development level is good, but there are certain
differences between various regions. Specifically, the level
of competitive sports development in various provinces in
the eastern region is higher than that in the other three
regions, and in the eastern region, Guangdong Province
has the best level of competitive sports development. There
is little difference in the development level of competitive
sports in the western region, the central region, and
the northeast region, and the provinces corresponding to
the highest level of competitive sports development in
each region are Sichuan Province, Hubei Province, and
Liaoning Province.

(2) From the perspective of the degree of coordination between
China’s competitive sports and economic development level,
only the level of coupling and coordination between
the competitive sports system and economic and social
development in Beijing, Jiangsu, Guangdong, and Shanghai
has reached a good level; the coupling type of Liaoning,
Zhejiang, Fujian, Shandong, Hubei, Sichuan, Shaanxi, and
Tianjin is primary, indicating that the provinces have begun to
show a trend of mutual checks and balances; Hebei, Hunan,
Inner Mongolia, The interaction between the competitive
sports system and the economy and society in the five
provinces of Jilin and Heilongjiang has been strengthened;
the coupling and coordination degree between the competitive
sports system and the economy and society in the remaining
14 provinces is on the verge of imbalance.

(3) From the perspective of the obstacle factors hindering the
sustainable development of competitive sports in China, there
are differences in the hindering factors in different regions.
The main obstacle factors in the eastern region are the number
of champion athletes, the number of referees developed, and
the scientific research funds; the main obstacle factors in
the central region are scientific research funds, the number
of athletes of outstanding sports teams, and the expenditure
on culture, sports, and media; the main obstacle factors in
the western region are the number of schools in traditional

sports projects, the number of champion athletes, and the
number of scientific research funds; the main obstacle factors
in the northeast region are the natural population growth
rate, the number of sports reserve talents, and the number of
referee development.

(4) Judging from the prediction results of China’s competitive
sports in the next 10–20 years, Hainan, Shanxi, Anhui,
Jiangxi, Inner Mongolia, Gansu, and Ningxia—these seven
provinces in the competitive sports may have a large level of
improvement and the room for improvement is larger. Other
provinces in recent years the development of competitive
sports may be close to saturation, so it is difficult to have a
more obvious improvement in the future, that is, compared
with the above provinces, the development space is small, the
scale benefits are low.

To ensure high quality and sustainable development of China’s
competitive sports, this study puts forward the following three
policy suggestions based on the above analysis and conclusions.
First, we should give full play to the effects of joint and synergistic
development among different regions. To form a unified
internal mechanism in education, science and technology and
personnel training, and promote the coordinated development of
competitive sports in multiple regions. Provincial governments
should recognize the shortcomings of their own development
while affirming the development of competitive sports in their
own regions, and strengthen the cooperation with other regions
to develop competitive sports in each region into the spirit
of China’s great power (He et al., 2022; Zhu et al., 2022).
The results of empirical analysis show that the development
level of competitive sports in the eastern region is better than
that in the central and western regions. Therefore, the central
and western regions should learn from the eastern region
to promote the coordinated development of various regions.
Second, draw on the advanced experience in the development
of competitive sports at home and abroad. Based on the results
of the empirical analysis, this article 10–20 years for China’s
future development of competitive sports horizontal space is
larger, but want to make the high quality and sustainable
development of competitive sports in China, our country needs
to continue to optimize sports team internal structure, improve
the level of the regional development of competitive sports,
draw lessons from various countries to implement the effective
policies and programs. For example, the Incentive policies issued
by the United States for competitive sports athletes include
education, life, and hobby cultivation from childhood. China
can carry out reasonable reform and innovation according
to the national conditions of China, constantly improve the
development level of competitive sports, and achieve high
quality and sustainable development of regional competitive
sports. Third, we will scientifically build a comprehensive
development system for competitive sports. In the research
results of this study, there is heterogeneity in the development
of competitive sports in different provinces. One of the main
reasons is the unreasonable allocation of resources among
regions. Therefore, to maximize the effectiveness of regional
sports, each region should jointly build a set of comprehensive
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evaluation sports to measure the development of its various
indicators and form a fair evaluation mechanism for the
development of competitive sports in each region according to
the evaluation system. This measure can effectively promote
the allocation of resources in each region to optimize the
allocation of resources and realize the efficient development of
competitive sports.
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