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Abstract: The competitiveness of higher education is an
important symbol to measure the level and potential of
economic and social development. Enhancing the competi-
tiveness level of higher education is an important driving
force to improve our education system and realize the high
quality and sustainable development of higher education.
At present, the measurement and multi-dimensional com-
prehensive analysis of China’s higher education competi-
tiveness are relatively scarce. Higher education system is a
complex system composed of multiple factors. This article
uses DPSIR model to transform the complex system opera-
tion mechanism into a relatively simple description. The
TOPSIS method considers the weights and interrelations
among the indicators. It is able to fully consider the impor-
tance of the indicators. This method can not only avoid the
influence of subjectivity and uncertainty but also evaluate
the decision scheme more comprehensively. The study
uses panel data from 31 provinces in China from 2008 to
2020 and utilizes the DPSIR model to construct a multidi-
mensional evaluation index system for measuring China’s
higher education competitiveness level. The entropy weight
TOPSIS method is employed to measure the higher educa-
tion competitiveness level and analyze its spatiotemporal
patterns. Traditional and spatial Kernel density estimation
methods, as well as Markov chain analysis, are used to
explore the dynamic evolution and long-term transfer trends
of higher education competitiveness levels. The Dagum Gini
coefficient is employed to analyze the differences and sources
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of higher education competitiveness level. The research find-
ings indicate that China’s overall level of higher education
competitiveness shows an increasing trend, with the eastern
region having a significantly higher level compared to other
regions. This study suggests integrating the concept of sustain-
able development, facing the gaps between regions, adopting
tailored development strategies, and reducing the disparities
in higher education competitiveness among regions. These
policy insights aim to provide theoretical references and
foundations for enhancing China’s higher education competi-
tiveness level as well as promoting high-quality and sustain-
able development in higher education.
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1 Introduction

Education is an important cornerstone for national rejuve-
nation and social progress. Higher education is an important
part of building a new pattern of education development in
China. It plays a key role in talent cultivation, scientific
research, and social services. Furthermore, higher educa-
tion is an important engine for national scientific and tech-
nological progress and social development. General
Secretary Xi Jinping emphasized, “Higher education in our
country should closely revolve around the goal of achieving
the ‘Two Centenary Goals’ and realizing the Chinese dream
of the great rejuvenation of the Chinese nation. Higher edu-
cation is of vital importance to China for the present and the
future, continuously providing high-quality talents for the
realization of China’s great rejuvenation.” Lin mentioned
that higher education provides a large number of high-
quality talents for the rapid development of modern society,
serving as a human and technological reserve for promoting
development and innovation in various fields of society.
Higher education plays an irreplaceable role in enhancing

8 Open Access. © 2024 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/econ-2022-0122
mailto:yinchenchen520QT@163.com

2 =— YiSunetal

the overall competitiveness of a country or society (Lin,
2020). The level of competitiveness in higher education
development is an important indicator of the level and
potential of economic and social development (Tang, 2021).
Kréageloh et al. (2019) argued that improving the level of
higher education competitiveness has an important impact
on the overall development of quality students. It also ben-
efits the steady improvement of the overall quality of the
entire nation and the optimization of the labor force’s
quality structure (Lukwago et al., 2023).

In 2015, the 70th United Nations General Assembly
adopted “Transforming Our World: the 2030 Agenda for
Sustainable Development,” which highlights that higher
education is a fundamental development goal for achieving
education equity and sustainable development. It plays a
crucial role in the path toward sustainable development in
the future (Ritchie-Dunham et al., 2023). At the same time,
sustainable development is both an objective requirement
for higher education to adapt to high-quality economic and
social development and a natural trend in its own develop-
ment stage (Simina, 2022). The higher education system
is a complex system consisting of multiple factors and orga-
nizations at various levels and dimensions. It is worth
conducting an in-depth analysis and exploration of the devel-
opment of higher education competitiveness, the existing
regional disparities among provinces, and the sources of
these disparities in China. To accurately present the current
status and competitiveness level of higher education devel-
opment, the choice of measurement models is of paramount
importance. Additionally, it is necessary to analyze the cur-
rent status and spatiotemporal disparities of China’s higher
education competitiveness from multiple perspectives com-
prehensively. Therefore, based on the framework of the
DPSIR model, this article combines the realistic conditions
of China’s higher education development environment with
the causal relationships related to sustainable development
in higher education to select various influencing factors and
indicators that reflect China’s higher education competitive-
ness level. This approach facilitates an accurate under-
standing of the current state of China’s higher education
competitiveness level and provides a research foundation
for further exploration of its development disparities.

Compared with previous studies, the existing literature
still lacks in-depth research. To fill this gap, this study has
three key objectives. First, the evaluation model of China’s
higher education competitiveness level under the perspec-
tive of sustainable development was constructed by using
the framework of “Driving force, Pressure, State, Impact and
Response” (DPSIR) and the method of Entropy weight Order
by Approximation to Ideal Solution (TOPSIS). Then, this
article deeply analyzed the competitiveness level of higher
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education in China from the dimensions of spatiotemporal
patterns and dynamic evolution trends. Third, it analyzes the
overall difference, inter-regional difference, intra-regional dif-
ference, and the source of difference in higher education com-
petitiveness level in our country. This article not only helped
to reveal the spatiotemporal heterogeneity of China’s higher
education competitiveness level but also helped to improve
the measurement model of China’s higher education competi-
tiveness level. In addition, it provides theoretical reference
and policy suggestions for the sustainable development of
higher education.

To address these unresolved key issues, the remaining
sections of the article are divided into five parts. Part 2
provides a literature review. Part 3 describes the research
methodology, data sources, and process of constructing the
evaluation index system for the competitiveness level of
Chinese higher education. Part 4 analyzes the spatiotem-
poral patterns and dynamic evolution of the competitive-
ness level of Chinese higher education. Part 5 discusses the
differences in the competitiveness level of Chinese higher
education and their sources. Finally, the research conclu-
sions, implications, suggestions, and future research are
presented in Part 6.

2 Literature Review

2.1 Competitiveness of Higher Education

The competitiveness of higher education is an important
area of research in the sustainable development of higher
education. The study of higher education competitiveness
initially emerged from research on corporate competitive-
ness (Kamal and Yesmin, 2022; Peng et al., 2022), industrial
competitiveness (Muerza et al., 2023; Yao et al., 2023), and
national competitiveness (Fainshmidt et al., 2016; Fang et al.,
2018), and as the research progressed, competitiveness the-
ories and research findings were gradually extended to the
study of higher education competitiveness. The concept of
higher education competitiveness originated from the field
of international competitiveness (Adamkiewicz, 2019). In his
1990 book The Competitive Advantage of Nations, Michael
Porter from Harvard Business School pointed out that the
sole meaning of competitiveness or competitive advantage
is productivity. Furthermore, the theory of national compe-
titive advantage attempts to explain and interpret how
nations create and maintain sustainable relative advantages
(Haj Youssef et al., 2019). In the context of higher education
competitiveness, it represents the relative advantages and
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capabilities that the higher education system possesses in a
particular region. Higher education is an important mea-
sure for labor force reproduction, as it transforms potential
labor into actual labor, thereby further promoting produc-
tivity development. At the same time, higher education is
also an important initiative for the reproduction and genera-
tion of scientific and technological knowledge. The improve-
ment of higher education competitiveness is not only a
fundamental requirement for building a strong higher educa-
tion country but also the fundamental approach to building a
high-quality higher education system. As a subsystem within
the larger social system, the higher education system plays an
increasingly important role in its development process. In
order to achieve high-quality and sustainable development
in our higher education system, it is necessary to maintain a
balance between the internal factors of higher education and
the external environment. When measuring the level of
higher education competitiveness, it is important to integrate
the theories of competitive advantage and sustainable devel-
opment, fully consider the driving forces and pressures faced
by the higher education system, and combine the current
status, impact, system feedback, and adjustment conditions.
From the multiple perspectives above, the level of competi-
tiveness in Chinese higher education can be effectively pre-
sented and analyzed.

The measurement of the level of higher education
competitiveness is a crucial issue that lays the foundation
for current and future research on higher education competi-
tiveness. This method not only helps us gain a comprehensive
understanding of the development status of regional higher
education but also provides theoretical guidance for the sus-
tainable development of higher education in our country.

2.2 Construction of the Higher Education
Competitiveness Measure

2.2.1 Evaluation Methods for Higher Education
Competitiveness

In order to present the current status and competitiveness
of higher education in China scientifically and reasonably,
the selection of measurement models is crucial. On the one
hand, scholars have employed qualitative analysis methods
to measure the level of higher education competitiveness
(Chang & Liu, 2019; Stoimenova, 2019). Li and Yu (2013)
assessed the competitiveness level of universities using the
expert rating method. Bileviciute et al. (2019) used Mykolas
Romeris University as an example to investigate both the
level of higher education competitiveness and modern
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innovative management methods in universities. Alfaro Ber-
nedo et al. (2021) conducted research showing that the Uni-
fied Enterprise Architecture model is a powerful tool for
supporting organizational management, which helps
improve the functional competitiveness of universities and
their overall competitiveness. Yang et al. (2020) analyzed the
international sustainable competitiveness of Chinese higher
education based on the Diamond Model theory and proposed
effective approaches to enhance China’s sustainable competi-
tiveness in the international education service market.
However, qualitative analysis methods often rely on the
experience and intuition of the analysts, which can be sub-
jective, so the evaluation of the research subject needs to be
scientifically assessed from an objective perspective.

Additionally, scholars have conducted quantitative data
analysis by constructing evaluation models to explore the
development of higher education. Estrada-Real and Cantu-
Ortiz (2022) analyzed the competitiveness of higher educa-
tion institutions using data from the QS World University
Rankings. They constructed models using statistical and
machine learning algorithms from the library of R Studio
software tool to predict the rankings of global universities
and forecast the competitiveness level of world universities
for the next decade. Moskovkin et al. (2023) identified two
indicators: the total number of universities in a country and
the average ranking of these universities over a period of
time. They normalized and weighted these indicators and
used them to analyze the competitiveness level of universi-
ties in a country through case studies. Kelly (2016) intro-
duced the Herfindahl index to analyze the competitiveness
level of certain disciplines within the UK higher education
system. The evaluation indicators mentioned in previous
studies may not fully cover multiple factors in the system,
neglecting comprehensive indicators and dynamic develop-
ment. Some scholars have used higher education efficiency
as a representation of higher education competitiveness
(Sun et al., 2023). For example, using the multi-level frontier
analysis, Naderi evaluated the competitiveness of faculties,
colleges, and universities by analyzing the efficiency scores
of two groups of departments at a university in Iran (Naderi,
2022). Tran et al. calculated the efficiency of 172 higher edu-
cation institutions in Vietnam during the inclusive period
from 2012 to 2016 using the data envelopment analysis
method. They examined the competitiveness level of higher
education institutions from aspects such as disciplinary dis-
tribution, autonomy, and internationalization (Tran et al.,
2023). However, higher education efficiency mostly presents
the level of competitiveness from the perspectives of input
and output, without providing a comprehensive depiction of
the development of the higher education system from a
sustainable development perspective.
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2.2.2 DPSIR Model

The Driving-force—Pressure—State-Impact—Response (DPSIR)
framework model is an evaluation model proposed by the
European Environment Agency (EEA) in 1993. It organizes
relevant indicators based on causal relationships and has
been widely used in environmental system assessments, gra-
dually becoming an effective tool for assessing the state of
environmental systems and causal relationships regarding
environmental issues (Duan et al., 2021). This model evolved
from a combination of the Pressure—State—Response (PSR)
model and the Driving—State—Response (DSR) model, incor-
porating their respective advantages (Yousafzai et al., 2022).
The DPSIR model enables a more comprehensive and
systematic analysis and evaluation of the continuous feed-
back mechanisms between indicators. Existing research has
predominantly focused on the application of the DPSIR model
in environmental assessments (Liu et al., 2022), resource man-
agement (Zhao et al., 2023), and other related areas. In the
DPSIR model, concerning environmental issues, the driving
forces (D) primarily consist of economic and social develop-
ment, as well as population growth, which exert a series of
negative pressures (P) on the ecological environment. These
pressures lead to the deterioration of the ecological state (S),
resulting in various adverse impacts (I) on human society. In
response, corresponding measures (R) are taken to improve
the current ecological environment, seeking harmonious
development between humans and nature. Despite being
an important theoretical framework widely used in environ-
mental governance (Wan et al.,, 2018; Zhao et al., 2021), there
has been limited research applying the DPSIR model to the
selection of evaluation indicators for higher education com-
petitiveness. Since the 1930s, scholars have been applying the
principles of ecological sustainability from the field of ecology
to the domain of education, introducing concepts such as
“educational ecology” (Yanli, 2020). In recent years, with the
development of higher education in China, many scholars
have started examining the current state of higher education
from a sustainable development perspective (Wang & Zhou,
2023). However, only a few studies have recognized the DPSIR
model as an important guiding framework for exploring sus-
tainable development initiatives (Kelly, 2016), demonstrating
the model’s completeness and effectiveness (Zhao et al., 2021).
In the field of higher education competitiveness research, the
DPSIR model also holds strong applicability. Firstly, the DPSIR
model allows for a comprehensive construction of an evalua-
tion indicator system for higher education competitiveness,
incorporating the five subsystems of driving forces, pressures,
state, impact, and response. This offers a new analytical fra-
mework for investigating the competitiveness of Chinese higher
education. Second, the higher education system exhibits
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characteristics of complexity and dynamism. This study
introduces the “Driving-force-Pressure-State-Impact-Response”
framework, which not only reflects the multi-level nature of
the evaluation elements of higher education competitive-
ness but also captures the cyclical nature of system
dynamics.

2.3 Entropy Weight TOPSIS Measurement
Method

Through combing the existing research, it is found that
there are many methods to evaluate the development of
education, mainly reflected in the combination of subjec-
tive empowerment and object view methods. Yang Lei used
this method to evaluate the development level of higher
vocational education in ethnic minority areas in our
country. In the comprehensive evaluation, the analytic hier-
archy process or Delphi method was used to determine the
weight of each index, and then the comprehensive index
was calculated for evaluation. In the view of the customer,
the comprehensive evaluation is mainly based on the prin-
cipal component analysis and factor analysis (Yang, 2018). Xu
(2014) used this method to calculate the comprehensive eva-
luation score of regional higher education level indicators.
Entropy-weight TOPSIS method is to use more comprehen-
sive evaluation methods. In the comprehensive evaluation,
the weight determination of each index is more customer-
oriented (Shen et al.,, 2013). The Entropy-weight TOPSIS method
can not only show the importance degree of a certain index in
the comprehensive evaluation index system when making
decisions but also reflect the changes of the weight of each
index over time. Therefore, it is more suitable for the compre-
hensive evaluation of education development level in the dis-
trict. Ke and Wang (2020) used the entropy-weight TOPSIS
model in the evaluation of urban higher education resources
carrying capacity, and achieved good practical application
results. TOPSIS method is a comprehensive evaluation method
for multi-objective decision analysis. It is sorted by solving the
relative distance between the evaluation object and the ideal
object. If the evaluation object is close to the optimal solution
reflects better performance, whereas the farther it is from the
optimal solution the worse the performance. The traditional
TOPSIS method is mainly based on expert opinions to deter-
mine the weight, which may deviate from the real results.
TOPSIS method usually does not require high sample data, it
can fully reflect the specific situation of each evaluation index,
so as to evaluate the comprehensive competitiveness of the
research object. Therefore, TOPSIS is widely used in risk assess-
ment, regional competitiveness, and other related fields.
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However, when using this method, the weight of each index
needs to be determined by expert evaluation, which is subjec-
tive to a certain extent and may lead to deviations in the
evaluation results. Entropy weight method is an objective
weight assignment method, which can calculate the weight
of each index according to the variation degree, so as to reduce
the error caused by subjective assignment. Therefore, the
entropy weight method can be used to improve the accuracy
of the evaluation when determining the weights.

Entropy TOPSIS method uses entropy weight method
to objectively determine the weight of each evaluation
index, which reduces the influence of subjective judgment.
This method ensures the scientific and accurate weight of
each index in the evaluation process and improves the cred-
ibility of the evaluation results. Entropy TOPSIS method can
quantitatively evaluate the competitiveness of higher educa-
tion, and provide an intuitive comparison for the education
competitiveness of provinces by measuring the standar-
dized index. In this way, the ranking and differences in
the higher education competitiveness of different provinces
can be clearly seen.

In general, the DPSIR framework and entropy TOPSIS
method contribute to various aspects by providing a sys-
tematic evaluation system, objective weight determination,
quantitative assessment of higher education competi-
tiveness, dynamic monitoring, and evaluation, promoting
higher education equity, improving higher education
quality, evaluating scientific and technological innovation
ability and supporting decision-making. It is helpful to effec-
tively evaluate the competitiveness level of Chinese higher
education. The application of these methods can not only
promote the in-depth understanding of the competitiveness
of higher education but also provide scientific basis and
decision support for improving the quality and equity of
education.

According to the above literature analysis, we find that
the existing research has the following research limita-
tions: First, previous studies ignore the analysis of higher
education competitiveness from the perspective of sustain-
able development theory. Secondly, the higher education
system presents the characteristics of complexity and dynamic.
Therefore, it is necessary to use an integrated analysis model
that can not only reflect the multi-level characteristics of the
evaluation elements of higher education competitiveness
but also capture the periodic characteristics of the system.
Third, existing studies lack an in-depth analysis of the
dynamic evolution dimensions of China’s higher education
competitiveness level.
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3 Research Methods and Data
Sources

3.1 Research Methods

In the following, several research methods related to this
study are described in detail. Firstly, the entropy weight
TOPSIS method is used to measure the competitiveness level
of higher education. Secondly, Kernel Density Estimation
and the Markov Chain Analysis Method are used to describe
the level of China’s higher education competitiveness, mainly
reflecting the regional differences and dynamic evolution
processes of the level of higher education competitiveness.
Finally, the Gini coefficient is used to describe the inter-
regional differences and intra-regional differences in the level
of competitiveness of higher education in China.

3.1.1 The Entropy Weight TOPSIS Measurement Method

In this study, the entropy weight TOPSIS method was
employed to measure the competitiveness level of higher
education in China (Abdel-Basset et al., 2018). This method
offers high precision and reliability. It not only effectively
avoids the influence of subjective preferences on indicator
weights but also overcomes the limitations of principal com-
ponent analysis, such as susceptibility to outliers (Ren, 2020).
The specific steps are as follows:

Step 1: Standardize the indicators using the range method.

Xi — mm(Xl])
max(Xy) - min(X;)’

X as a positive indictor
max(Xy) - Xj
max(X;) - min(X;)’

o))

X; as a negative indictor.

In the formula, Xj;, Z; represents the jth original value
of the higher education competitiveness indicator for the i
province, and represents the standardized value after nor-
malization, respectively.

Step 2: Calculate the information entropy E; for each
indicator Z; in the higher education competitiveness indi-
cator system.

n

1
E = ———> (4)In(4y), @

In n;3
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Aij = ZU/ZZU (3)

Step 3: Calculate the weights for each indicator.
1-

Wi=g———. 4
T TLA-B) @

Step 4: Calculate the weighted index for each indicator
of higher education competitiveness level.

Step 5: Calculate the distances D;” and D; between each
measured object and the best object S; and worst object S},

respectively.
m
D= |2 (Sf - Ry, ©)
j=1
m
D= |2 (S - Ry’ @)
j=1
In the formula, Sj= max(Ry, Ri,....Rim), Sj=

min(Rll) RiZ;---;Rim)-

Step 6: Calculate the relative closeness degree Ci between

each measured object and the ideal object.
D/

G=—1—.
i Di+ + D

8

The relative closeness degree C;, as represented in the
formula, ranges between 0 and 1. A higher value of Ci
indicates a higher level of competitiveness in higher edu-
cation for province i. Conversely, a lower value of ; indi-
cates a lower level of competitiveness in higher education
for province i.

3.1.2 Kernel Density Estimation

3.1.2.1 Traditional Kernel Density Estimation
Traditional Kernel Density Estimation is a non-parametric
method used primarily to study the unevenness of spatial
distributions. This method uses a continuous density curve
to describe the distribution pattern of a random variable,
thereby reflecting information about the location, shape,
and other characteristics of the variable’s distribution
(Yang et al., 2017). Kernel density functions can take various
forms, such as triangular kernel functions, rectangular
kernel functions, Gaussian kernel functions, and Epa-
nechnikov kernel functions. In this study, we selected
the Gaussian kernel density function to analyze the
dynamic evolution of the distribution of higher education
competitiveness. The calculation formula is as follows:
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= — L 9
fx) N le P ©)]
1 x2
= — -—1. 10
KX) T exp|—= ] (10)

In the formula, f(x) represents the density function of
the random variable x; N represents the number of obser-
vations; x; represents the independently and identically
distributed observations; X represents the mean of the
observations; h represents the bandwidth; and K (x) repre-

sents the Gaussian kernel density.

3.1.2.2 Spatial Kernel Density Estimation

The spatial Kernel Density Estimation method incorporates
spatial factors into the traditional Kernel Density Estimation,
allowing for the estimation of the probability density function
of a random variable undergoing spatial transformations
during a given period of time. By analyzing dynamic distribu-
tion maps, it accurately captures the patterns of change and
helps explain the long-term migration trends of provinces (Lu
et al,, 2018). In this study, the Gaussian kernel density function
is still selected for computation in the spatial estimation. The
formula for calculation is as follows:

fx,y)
= , 1
g0lx) 700 1)
¥ o(x-x) [rn-x
fix,y) = Ny ilex n K, h (12)

In the formula, g(y|x) represents the distribution status
of the random variable y conditional on the random vari-
able x. fj(x) represents the marginal kernel density func-
tion of x. f(x, y) represents the joint kernel density function
of x and y.

3.1.3 Markov Chain Analysis Method

The Markov chain analysis method is a special stochastic
process with discrete time and state. It involves discre-
tizing the data into n types and calculating the corre-
sponding changes and probability distributions over time
to approximate the entire process of evolution (Li et al.,
2021). The Markov chain method is primarily used to
describe the probabilities of transitioning from one state
to another for the subject of study. By analyzing the prob-
ability transition matrix, the dynamic evolution process of
the subject can be studied. In this study, the Markov chain
method is employed to analyze the dynamic evolution
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process of higher education competitiveness. The basic
model setup is as follows:

P =P{X;11 = b|X; = a, Xp-1 = A1, X2 =
= ao} = P{Xw+1 = bIX; = a}.

= At-,.. 1X0 (13)

In the formula, the sequence {X;} represents the Markov
chain, and X; denotes that the state in period ¢ + 1 is only
dependent on the state in period ¢.

In this study, higher education competitiveness is divided
into n state. Through the Markov chain model, the probability
P.p is calculated to transition the measured higher education
competitiveness level from state a in period t to state b in
period t + 1. The calculation formula is as follows:

Py = —- (14)

In the formula, n; represents the number of provinces
transitioning from state a at time period ¢ to state b at time
period t + 1; n; represents the total number of provinces in
state a at time period ¢t. p,, forms a n x n dimensional
Markov chain transition probability matrix, where the ele-
ments on the diagonal represent the probability of the
higher education competitiveness level remaining stable in
the current state. The larger the probability, the less fluid
the mobility of higher education competitiveness level. The
elements off the diagonal represent the probability of tran-
sitioning between different states of higher education com-
petitiveness level. The larger the probability, the less stable
the level of higher education competitiveness.

3.1.4 Dagum Gini Coefficient

Compared to the traditional Gini coefficient and Theil
index, the Dagum Gini coefficient not only handles the
issue of cross-overlapping between sample data but also
characterizes regional disparities in Higher Education
Competitiveness Level and decomposes the sources of
overall regional disparities (Mai et al., 2023). Therefore,
this study employs the Dagum Gini coefficient to analyze
regional disparities in Higher Education Competitive-
ness Level and their sources (Zeng et al., 2022). The
Dagum Gini coefficient and its decomposition formula
are as follows:

First, calculate the overall Gini coefficient for all provinces.

Z] 12;. 121 lzr 1|T]1

T
20°T '

(15)
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In the formula, j and h represent different regions, i
andr represent different provinces, Q represents the total
number of provinces, k also represents the total number
of provinces, Q(Q,) represents the number of provinces
within the region j(h), T;i(Tj,) represents the higher edu-
cation competitiveness level of the province i(r) within
the region j(h), and T represents the average higher edu-
cation competitiveness level of all provinces.

Secondly, decompose the Gini coefficient G into within-
region disparity G,,, between-region disparity G,;, and super-
variation density G; using the subgroup decomposition method.

9 <G
G = Ziilzr]:ﬂTji = Tirl (16)
Jj ZQ]T] ’
% % Tl 17

i=1r= IQ]Qh(T +Th)’

In the formula, G; represents the Gini coefficient
within region j, and Gj, represents the Gini coefficient
between region j and region h.

k
Gw = 2 GU;, (18)
j=1
k j-1
Gw = 2 2 Gu(UVi + UnV))Djn, (19)
j=2h=1
k j-1
G = Y ) Gu(UjV + UyV))(1 - D). 20)
j=2h=1

In the formula, U; = Q/Q, V; = QT;/QT; Dj, represents
the mutual influence of Higher Education Competitiveness
Level between region j and region h. The calculation formula
is as follows:

_ G~ Up

Dj, = dn + Ujh’ 21
© y

d = [a5 [ - 0daR), @)
0 0
© y

U = [dR) [ - 0)dF). 23)
0 0

In the formula, dj, represents the difference in Higher
Education Competitiveness Level between region j and
region h. Fy(Fp) represents the cumulative distribution
function of Higher Education Competitiveness Level in
region j(h).



8 — YiSunetal

3.2 Construction of Evaluation Indicator
System

The selection of indicators follows principles such as com-
prehensiveness, scientific rigor, representativeness, and
operational feasibility. This process involves three stages:
policy document analysis, theoretical construction, and
expert consultation.

Phase one is the data collation stage. Collecting rele-
vant policy documents and literature related to the devel-
opment of higher education in China, and analyzing them
to identify theoretical models and relevant indicators asso-
ciated with higher education competitiveness. Phase two is
the theoretical construction stage. Based on the funda-
mental theoretical viewpoints of the DPSIR model and
the operational characteristics of the higher education
development environment, and combining the basic con-
notations of the five aspects of indicators in the model:
driving force, pressures, state, impact, and response, the
characteristics represented by the indicators identified in
the previous stage of policy document analysis are incor-
porated into these five aspects of indicators. At the same
time, some indicators that are less relevant to the study or
have conflicting content are excluded. Phase three is the
expert consultation stage. Interviews are conducted with
seven university teaching administrators and five univer-
sity faculty members holding the rank of associate
professor or higher. The indicator system, which was pre-
liminary screened in the previous stage, is further refined
based on the input from the experts. Adjustments are made
to the indicators according to the experts’ recommenda-
tions. Higher education competitiveness is a complex system
influenced by multiple factors. In this study, based on the
DPSIR framework, the indicators are ultimately confirmed
from the perspectives of driving force, pressures, state,
impact, and response (Yussif et al., 2023).

First, the driving force (D), is behind the development
of the higher education system and the main factor that
helps to improve the competitiveness of higher education.
Second, pressure (P), refers to the direct demand placed on
the sustainable development of higher education in the
context of building an educationally strong nation. Third,
state (S), refers to the current development of higher educa-
tion competitiveness under the dual influences of driving
force and pressure. The state is presented through two
aspects: student enrollment scale and faculty size. Fourth,
impact (I), refers to the effects generated by the changes in
higher education competitiveness. It represents the ultimate
outcomes and effects resulting from the combined influence
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of “driving force,” “pressure,” and “state.” Fifth, response
(R), refers to the feedback and regulatory conditions within
the higher education system. The capacity for such adjust-
ments is also an important manifestation of higher educa-
tion competitiveness.

Based on the above analysis, this study selects 37 fun-
damental indicators from the perspectives of “driving
force,” “pressure,” “state,” “impact,” and “response” to con-
struct a measurement index system for assessing the com-
petitiveness of higher education in China. The table below
(Table 1) presents the constructed index system.

3.3 Data Sources

This study covers 31 provinces in China from 2008 to 2020,
excluding Hong Kong, Macao, and Taiwan. The data
were obtained from official publications such as “China
Statistical Yearbook,” “China Science and Technology
Statistical Yearbook,” “China Urban Statistical Yearbook,”
and “China Population and Employment Statistics
Yearbook,” and the official website of the Ministry of
Education, and the missing data were filled by linear
interpolation. That is, the linear relationship of known
data points is used to estimate the missing values. A
linear function is used to fill in the missing values based
on the values before and after the known data points. If
we know that the values at x; and x; are y, and y,, we can
use formula A y, =y, + (¥, - ¥;)06 - %)/(% - x) to cal-
culate the values from y,, and finally, it is realized by
Excel software. Furthermore, considering the influence
of price factors, indicators such as per capita GDP and
per capita disposable income that involve price factors
were adjusted using a constant price based on 2008.

4 The Spatial Pattern and Dynamic
Evolution Trend of China’s Higher
Education Competitiveness Level

This study aims to measure the level of competitiveness in
China’s higher education from 2008 to 2020. By doing so, it
not only captures the horizontal variations in higher edu-
cation competitiveness among different provinces but also
provides a clear representation of the dynamic compar-
abhility of evaluation results.
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4.1 Spatial Pattern of China’s Higher
Education Competitiveness Level

In order to provide a more intuitive display of the devel-
opment trend of China’s higher education competitiveness
from 2008 to 2020, this article divides the 31 provinces
(autonomous regions and municipalities directly under the
Central Government) into eastern, central, and western regions
according to the classification method of the National Bureau
of Statistics. The average measurement results of higher educa-
tion competitiveness in the three regions and the country as a
whole are shown in Figure 1. As can be seen from Figure 1, the
Higher Education Competitiveness Level in the country and the
three regions has significantly increased from 2008 to 2020.
Specifically, the higher education competitiveness level in the
eastern region is far higher than the national average, the
higher education competitiveness level in the central region
is on par with the national average, and the higher education
competitiveness level in the western region is far lower than
the national average, only about half of the national average.
Moreover, the growth rate of Higher Education Competitive-
ness Level in the three regions is quite similar, showing a
coordinated improvement trend.

This study selects four time points, namely 2008, 2012, 2016,
and 2020, and classifies the Higher Education Competitiveness
Level of each year into five grades: low level (0.002-0.1222),
lower-middle level (0.123-0.263), middle level (0.264-0.423),
upper-middle level (0.424-0.631), and high level (0.632—0.990).
Using ArcGIS 10.8 software, the spatial distribution of Higher
Education Competitiveness Level in various regions of China in
2008, 2012, 2016, and 2020 is plotted, as shown in Figure 2.

As can be seen from Figure 2, with the passage of time,
the overall level of higher education competitiveness has
generally increased. Initially, high-level higher education
competitiveness was scattered in areas such as Beijing,
Jiangsu, Guangdong, Shanghai, and Hubei. Later, it concen-
trated in the eastern coastal areas, with Guangdong, Jiangsu,
and Zhejiang becoming the leaders. These areas experienced
rapid economic development and abundant job opportu-
nities, resulting in a siphoning effect in the eastern region,
attracting a large amount of social resources, promoting the
development of higher education in the eastern region, and
pushing forward its high-quality development process. Areas
with low-level higher education competitiveness were mostly
located in remote central and western regions, which were
greatly affected by non-man-made factors such as economic
development, natural environment, and climate. The devel-
opment of higher education was relatively slow, and the gap
with the developed provinces in the eastern region continued
to widen, with no leapfrogging improvement or development
achieved among neighboring provinces.

Ten thousand person

Unit

The growth rate of per-student expenditure on the operation of higher education

institutions.
The number of newly added teachers compared to the previous year

Indicator level

System feedback

Factor level

Criterion level

Table 1: Continued

Goal level
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Figure 1: Average higher education competitiveness level and their trends in the country and the three major regions.
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Figure 2: Spatial and temporal pattern of china’s higher education competitiveness level from (a)-(d) 2008 to 2020. Review number: GS (2019) 1822.
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From the perspective of spatial evolution characteris-
tics, there are differences in the level of higher education
competitiveness across the country, with most high-level
areas concentrated in the eastern coastal regions. The
overall pattern shows a gradient differentiation trend of
high in the east, low in the west, high in the south, and low
in the north. The evolution characteristics over time indi-
cate that the long-term evolution of Higher Education
Competitiveness Level in various provinces is based on
the pattern, showing a significant path dependency, making
it difficult to achieve leapfrogging improvement in the short
term. With the passage of time, the spatial imbalance of
China’s higher education competitiveness level will continue
to exist and the gap will continue to widen, making it more
difficult to bridge the gap.

The country’s development has followed a relatively
good trend, but the regional development imbalance caused
by factors such as resource endowment, location conditions,
and national policies has not been effectively alleviated but
has gradually expanded. Therefore, both high-level and low-
level regions need to identify their weaknesses, focus on
breakthroughs, and achieve more comprehensive and coor-
dinated development.

From the perspective of dynamic evolution, under the
spatial condition, the results of static Kernel density esti-
mation and dynamic Kernel density estimation are similar
but different. When the level of higher education competi-
tiveness of adjacent provinces is at a high level, there is no
spatial positive correlation between the static and dynamic
estimation results. When the level of higher education com-
petitiveness of neighboring provinces is at a medium or low
level, considering the time factor, the spatial positive corre-
lation between provinces is significantly weakened.

4.2 Dynamic Evolution Trend of China’s
Higher Education Competitiveness Level

4.2.1 Kernel Density Estimation of China’s Higher
Education Competitiveness Level

First, unconditional Kernel density estimation is used to
investigate the changing trend of China’s higher education
competitiveness level from year ¢ to ¢ + 3; second, the static
Kernel density estimation method under spatial conditions
is used to reveal the spatial correlation relationship between
the higher education competitiveness level of each province
and that of its neighboring provinces during the same period,;
finally, considering the time span on the basis of spatial
dynamic Kernel density estimation method, the impact of
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neighboring provinces’ higher education competitiveness
level in year t on the higher education competitiveness level
of the province in t + 3 years is analyzed. In the Kernel
density estimation under spatial conditions, this article
selects the binary adjacency matrix to investigate the spatial
correlation between provinces. In the Kernel density graph,
the x-axis and y-axis represent the higher education compe-
titiveness level, and the z-axis represents the density of each
point in the X-Y plane. In the density contour map, both the
x-axis and y-axis represent the higher education competi-
tiveness level, and the density contour lines represent dif-
ferent density values. The closer the contour lines are to the
center, the higher the density value, and the more densely
packed the contour lines, indicating a larger density change
and a steeper corresponding Kernel density graph shape.

4.2.2 Unconditional Kernel Density Estimation of China’s
Higher Education Competitiveness Level

In Kernel density graphs and density contour maps, the
positive 45° diagonal line is usually used as a marker for
changes in the evolution trend of higher education compe-
titiveness level. In unconditional Kernel density estimation,
the x-axis represents the higher education competitiveness
level of the province in year t, the y-axis represents the
higher education competitiveness level of the province in
t + 3 years, and the z-axis represents the probability density.
If the probability mass tends to be near the positive 45°
diagonal line, it indicates that the trend of higher education
competitiveness level from ¢ to t + 3 years is relatively stable;
if the probability mass tends to be near the negative 45°
diagonal line, it indicates a significant change in the higher
education competitiveness level from ¢ to t + 3 years; if the
probability mass concentrates near a specific scale on the y-
axis and parallel to the x-axis, it indicates a converging trend
of higher education competitiveness level. According to
Figure 3, the unconditional Kernel density estimation
probability of the competitiveness level of higher education
in China is mainly distributed around the positive 45°
diagonal line. This suggests that without considering
spatial conditions, the competitiveness level of higher
education in each province of China demonstrates
strong continuity.

In addition, there are four peaks in the probability
mass, which are distributed near the x-axis at 0.2, 0.5, 0.7,
and 0.9. The peak near 0.9 is slightly lower than the 45°
diagonal line, indicating that under unconditional assump-
tions, provinces with a higher education competitiveness
level above 0.9 tend to experience a decline in the growth
rate of higher education competitiveness level after 3 years.



DE GRUYTER

4.2.3 Spatial Static Kernel Density Estimation of China’s
Higher Education Competitiveness Level

Figure 4 reports the results of Kernel density estimation
under spatial static conditions, that is, the evolution of the
higher education competitiveness level of a province con-
sidering the impact of neighboring provinces’ Higher Edu-
cation Competitiveness Level. In Figure 4, the X-axis represents
the higher education competitiveness level of neighboring
provinces in year ¢, the Y-axis represents the higher education
competitiveness level of the province in year ¢, and the Z-axis
represents the probability density of Y under X condition. If
China’s higher education competitiveness level shows a pro-
vincial convergence trend, and there is a positive spatial cor-
relation between neighboring provinces’ Higher Education
Competitiveness Level, that is, high-level provinces cluster
with high-level provinces, and low-level provinces cluster
with low-level provinces, then the probability mass will tend
to be near the positive 45° diagonal line.

According to Figure 4, the evolution trend of China’s
higher education competitiveness level under spatial static
conditions exhibits a “discontinuity” phenomenon. Specifi-
cally, with 0.6 as the dividing line for the higher education
competitiveness level of neighboring provinces, the evolu-
tion trends are quite different. When the higher education
competitiveness level of neighboring provinces on the
X-axis is below 0.1, the probability body is parallel to the
X-axis, indicating that being adjacent to provinces with a
level below 0.1 does not significantly improve the higher
education competitiveness level of the province. When the
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higher education competitiveness level of neighboring pro-
vinces on the X-axis is between 0.1 and 0.6, the probability
body tends to be close to the positive 45° diagonal line,
indicating that the spatial positive correlation is more sig-
nificant at this time. The flow of educational resources,
technology, and human capital between neighboring pro-
vinces contributes to the coordinated development and
mutual improvement of Higher Education Competitiveness
Level across provinces. When the higher education compe-
titiveness level of neighboring provinces is above 0.6, the
probability body significantly deviates downward, concen-
trating at 0-0.2 on the Y-axis, indicating that being adjacent
to high-level provinces does not significantly affect the
improvement of the higher education competitiveness level
of the province. When there is a significant gap between the
Higher Education Competitiveness Level of neighboring pro-
vinces and the province, the flow of elements related to
higher education tends to be more concentrated in the
more developed provinces, causing a siphoning effect in
neighboring provinces.

4.2.4 Kernel Density Estimation of China’s Higher
Education Competitiveness Level under Spatial
Dynamic Conditions

Figure 5 reports the Kernel density estimation results
under spatial dynamic conditions, which consider both
spatial factors and the time span, further examining the
dynamic changes in the future development level of higher
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Figure 3: Unconditional Kernel density graph and density contour lines of China’s higher education competitiveness level. (a) Unconditional Kernel

density, (b) unconditional Kernel density contour lines.
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Figure 4: Kernel density map and contour lines of China’s higher education competitiveness level under spatial static conditions; (a) spatial static

Kernel density, (b) spatial static Kernel density contour lines.

education competitiveness in a province due to its neigh-
boring provinces in the current period. In Figure 5, the
X-axis represents the higher education competitiveness
level of neighboring provinces in year t, and the Y-axis
represents the higher education competitiveness level of
the province in year t + 3. Compared with spatial static
conditions, the overall probability body distribution under
spatial dynamic conditions is similar but with some differ-
ences, indicating that the time factor can affect the interaction
between provinces in the development of China’s higher edu-
cation competitiveness. Similar to Figure 4, Figure 5 also uses
0.6 as the dividing line for the higher education competitive-
ness level of neighboring provinces. When the higher
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education competitiveness level of neighboring provinces in
year ¢ is between 0 and 0.6, the probability body tends to be
close to the positive 45° diagonal line, indicating that the
higher education competitiveness level between provinces
shows a spatial positive correlation. Compared to Figure 4,
the probability body distribution in the Y-axis direction in
Figure 5 presents a more dispersed trend, indicating that the
spatial correlation of Higher Education Competitiveness Level
between provinces is weakened under the condition of time lag.
When the higher education competitiveness level of neighboring
provinces on the X-axis is above 0.6, the 3-year lag period does
not show significant differences. Overall, for neighboring pro-
vinces with higher Higher Education Competitiveness Level, the
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Figure 5: Kernel density map and contour lines of China’s higher education competitiveness level under spatial dynamic conditions: (a) Spatial
dynamic Kernel density, (b) contour lines of spatial dynamic Kernel density.
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time condition has not played a significant role in promoting the
upward transfer of the province’s higher education competitive-
ness level. However, for neighboring provinces with low and
medium Higher Education Competitiveness Level, extending the
time span can significantly reduce the spatial correlation effect
between provinces.

4.2.5 The Markov Chain Analysis method of China’s
Higher Education Competitiveness Level

This study uses the Markov chain analysis method to
explore the direction and transition probability of Higher
Education Competitiveness Level in different regions and
further explain the dynamic evolution trend of China’s higher
education competitiveness level based on the Kernel density
estimation analysis. This article divides China’s provinces’
Higher Education Competitiveness Level (HECL) into four
levels using the equal division method: low level (0 < HECL
< 25%), medium-low level (25% < HECL < 50%), medium-high
level (50% < HECL < 75%)), and high level (75% < HECL). The
Markov transition probability matrix of China’s higher edu-
cation competitiveness level state transition for 2008-2020 is
then calculated with a time lag of 1 year, 2 years, 3 years, and
4 years, as shown in Table 2.

Table 2 shows that regardless of the time span, the
probability values on the diagonal are higher than the prob-
ability values in other positions. Except for the medium-low
level at ¢ = t + 4, the other diagonal probability values are
greater than 0.5, indicating that when not considering the
impact of spatial factors, the trend of Higher Education

Table 2: Traditional Markov transition probability matrix of higher
education competitiveness level in China

Time span Type | 1l 1] v
t+1 | 0.844 0.135 0.021 0.000
1] 0.097 0.720 0.140 0.043
1] 0.000 0.174 0.750 0.076
\ 0.000 0.000 0.088 0.912
t+2 | 0.767 0.211 0.022 0.000
1l 0.133 0.627 0.205 0.036
1] 0.000 0.209 0.651 0.140
\ 0.000 0.012 0.122 0.866
t+3 | 0.702 0.250 0.048 0.000
1] 0.130 0.584 0.247 0.039
1] 0.013 0.197 0.618 0171
\ 0.000 0.027 0.110 0.863
t+4 | 0.633 0.316 0.051 0.000
1] 0.134 0.478 0.343 0.045
1] 0.000 0.246 0.551 0.203
\ 0.000 0.016 0.094 0.891
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Competitiveness Level in various provinces of China is rela-
tively stable, with low mobility but strong persistence. It is
difficult for provinces at different levels to achieve level
transitions. This result is consistent with the unconditional
Kernel density estimation result. As the time span increases,
the probability values on the diagonal decrease, and the
convergence trend of Higher Education Competitiveness
Level in various provinces weakens with the delay of
time, and the stability gradually decreases. Second, the state
transition of Higher Education Competitiveness Level in pro-
vinces usually occurs at adjacent level intervals. Under dif-
ferent time spans, the transition probabilities of each level
are almost zero, indicating that the transition speed of
Higher Education Competitiveness Level in various pro-
vinces is slow. As the time span increases, the probability
of low-level to medium-high level transitions increases year
by year, suggesting that provinces with lower Higher Educa-
tion Competitiveness Level may achieve faster development
in a certain period in the future, while other provinces may
have difficulty achieving leapfrog development.

Table 3 presents the Markov transition probability
matrix considering spatial lag terms. As shown in Table
3, regardless of the time span, the probability values on
the diagonal are greater than those in other positions, indi-
cating that when considering both time and space factors,
the mobility trend of Higher Education Competitiveness
Level in adjacent provinces is significantly enhanced.

When the higher education competitiveness of adja-
cent provinces is at medium-low and medium-high levels,
the probability values on the diagonal are lower than those
when the higher education competitiveness of adjacent pro-
vinces is at low and high levels. When the higher education
competitiveness of adjacent provinces is at a medium level,
the Higher Education Competitiveness Level of various pro-
vinces begin to show a significant positive spatial correla-
tion, which is consistent with the conclusions drawn from
the Kernel density estimation analysis under the spatial con-
ditions mentioned earlier. Secondly, under various time
spans, the probability values not directly adjacent to the
diagonal values are also mostly zero or close to zero, indi-
cating that as the time span extends, it becomes challenging
for provinces to achieve leapfrog development in higher
education competitiveness, regardless of the level of higher
education competitiveness of adjacent provinces.

The traditional Markov chain analysis shows that the
development trend of higher education in each province of
China is relatively stable. With the extension of time span,
the stability of each province’s higher education competi-
tiveness level is gradually weakened. Spatial Markov chain
analysis shows that after considering the spatial factor, the
level of higher education competitiveness of each province
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remains unchanged. Whether considering the spatial factor
or not, the level of higher education competitiveness of each
province is difficult to achieve a leap forward improvement.

5 Analysis of Differences and
Sources of Higher Education
Competitiveness Level in China

To further analyze the regional differences in Higher
Education Competitiveness Level across the country and
the three major regions of East, Central, and West, this
study uses the Dagum Gini coefficient and its subgroup
decomposition method to analyze the regional differences
and sources of Higher Education Competitiveness Level in
China. The results are shown in Table 4.

DE GRUYTER

5.1 Overall Difference Analysis of Higher
Education Competitiveness Level in
China

According to the results reported in Table 4, the overall
difference in Higher Education Competitiveness Level in
China shows a downward trend. The overall Gini coeffi-
cient of Higher Education Competitiveness Level in China
decreased from 0.445 in 2008 to 0.378 in 2020, with an
overall decline of 15.1%. During the sample observation
period, the overall difference in Higher Education Compe-
titiveness Level in China showed a trend of first decreasing
and then increasing. Specifically, from 2008 to 2016, the
overall Gini coefficient of Higher Education Competitiveness
Level showed a downward trend year by year, reaching a
minimum of 0.323 in 2016, and then rebounding slightly.
From 2017 to 2020, the higher education competitiveness
level in China showed a slight upward trend during this

Table 3: Spatial Markov transition probability matrix of higher education competitiveness level in China

tt +1 Type | [ If \Y tt+2 Type | [ Il \Y
| | 0.706 0.294 0.000 0.000 | | 0.625 0.375 0.000 0.000
[ 0.167 0.333 0.167 0.333 [ 0333 0.500 0.000 0.167
Il 0.000 0.333 0.333 0.333 Il 0.000 0.333 0.333 0.333
\Y 0.000 0.000 0.000 1.000 \Y 0.000 0.000 0.000 1.000
I | 0.923 0.058 0.019 0.000 I [ 0.833 0.146 0.021 0.000
[ 0.125 0.667 0.125 0.083 [ 0.150 0.600 0.150 0.100
Il 0.000 0.192 0.692 0.115 Il 0.000 0.280 0.560 0.160
\Y 0.000 0.000 0.045 0.955 \Y 0.000 0.000 0.050 0.950
1] | 0.643 0.286 0.071 0.000 If [ 0.771 0.157 0.071 0.000
[ 0.091 0.741 0.168 0.000 [ 0.200 0.600 0.200 0.000
If 0.000 0.136 0.718 0.145 Il 0.100 0.171 0.607 0.122
\Y; 0.000 0.000 0.122 0.878 \Y; 0.000 0.027 0.162 0.811
\Y | 0.923 0.077 0.000 0.000 \Y% | 0.917 0.083 0.000 0.000
I 0.053 0.684 0.263 0.000 [ 0.118 0.706 0.176 0.000
Il 0.000 0.211 0.737 0.053 Il 0.000 0.176 0.706 0.118
\Y 0.000 0.000 0.074 0.926 \Y 0.000 0.000 0.125 0.875
tt+3 Type | [ 1T \Y; tt+4 Type | [ If \Y;
| | 0.833 0.100 0.067 0.000 | [ 0.571 0.357 0.071 0.000
[ 0333 0.500 0.000 0.167 [ 0.167 0.500 0.167 0.167
Il 0.000 0.167 0.666 0.167 Il 0.000 0.333 0.667 0.000
\Y 0.000 0.000 0.000 1.000 \Y 0.000 0.000 0.000 1.000
[ | 0.795 0.182 0.023 0.000 I [ 0.683 0.293 0.024 0.000
[ 0.056 0.667 0.167 0.111 [ 0.143 0.429 0.286 0.143
Il 0.000 0.273 0.545 0.182 Il 0.000 0.250 0.550 0.200
\Y 0.000 0.056 0.000 0.944 \Y 0.000 0.000 0.000 1.000
1] | 0.700 0.229 0.071 0.000 If | 0.357 0.571 0.071 0.000
[ 0.167 0.583 0.250 0.000 [ 0.125 0.500 0375 0.000
Il 0.000 0.21 0.658 0.132 Il 0.000 0.257 0.571 0.171
\Y 0.000 0.030 0.182 0.788 \Y 0.000 0.034 0.138 0.828
\Y | 0.909 0.000 0.091 0.000 \Y | 0.900 0.000 0.100 0.000
I 0.059 0.706 0.235 0.000 [ 0133 0.600 0.267 0.000
Il 0.077 0.077 0.692 0.154 If 0.000 0.182 0.636 0.182
\ 0.000 0.000 0.095 0.905 \Y 0.000 0.000 0.111 0.889
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Table 4: Differences and decomposition of higher education competitiveness level in China

Year Gini Intro-regional difference Inter-regional difference Contribution rate (%)
coefficient
Eastern Central Western Eastern- Eastern- Central- Intro- Inter- Supervariation
Region Region Region Central Western Western region region density
Region Region Region

2008 0.445 0.502 0.331 0.221 0.377 0.612 0.459 26.20 60.26 13.54

2009 0.428 0.491 0.319 0.203 0.363 0.583 0.439 26.50 58.58 14.92

2010 0.421 0.467 0.321 0.190 0.364 0.573 0.415 26.60 59.17 14.23

2011 0.416 0.452 0.328 0.201 0.359 0.561 0.409 27.15 57.32 15.54

2012 0.405 0.442 0.307 0.191 0.304 0.528 0.408 27.05 56.03 16.92

2013 0.367 0.432 0.279 0.182 0.278 0.509 0.403 26.99 55.26 17.75

2014 0.369 0.423 0.285 0.179 0.289 0.510 0.389 27.08 55.84 17.08

2015 0.326 0.369 0.262 0.174 0.251 0.439 0.349 28.06 51.05 20.89

2016 0.323 0.360 0.262 0.174 0.251 0.435 0.344 28.05 50.94 21.01

2017 0.354 0.380 0.285 0.187 0.296 0.481 0.349 27.62 55.72 16.66

2018 0.355 0.394 0.279 0.171 0.287 0.490 0.359 27.21 56.52 16.27

2019 0.388 0.419 0.316 0.209 0.334 0.518 0.374 27.97 54.25 17.78

2020 0.378 0.417 0.301 0.211 0.328 0.502 0.366 28.07 53.78 18.16

period. Overall, this indicates that the differences in Higher
Education Competitiveness Level among provinces in China
are gradually decreasing year by year.

5.2 Analysis of Intra-regional Differences in
Higher Education Competitiveness Level
in China

According to the results reported in Table 4 and Figure 6,
the overall Gini coefficient of Higher Education Competi-
tiveness Level in China is similar to the intra-regional Gini
coefficient of the eastern, central, and western regions, and
there are differences in the evolution of the Gini coefficient
within each region. The Gini coefficient within the eastern
region is higher than the overall Gini coefficient and the
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Figure 6: Overall differences and intra-regional differences in higher
education competitiveness level in China.

Gini coefficient within the central and western regions.
From the perspective of the three major regions, the Gini
coefficient within the eastern region decreased from 0.502
in 2008 to 0.417 in 2020, a decrease of 16.9%. Among them,
the period from 2008 to 2014 was a stage of slight decline, the
period from 2014 to 2016 showed a significant decline, and
the period from 2017 to 2020 was a stage of slow growth with
limited fluctuations. The Gini coefficient within the central
region decreased from 0.331 in 2008 to 0.301 in 2020, a
decline of 9%, showing a fluctuating downward trend. The
Gini coefficient within the western region decreased from
0.221 in 2008 to 0.211 in 2020, a decline of 5%. The Gini
coefficient within the western region is only about half of
the overall national level. The western region initially had a
lower level of higher education and developed more slowly
compared to the eastern and central regions, so the differ-
ence in the Gini coefficient within the region is smaller.
Overall, the internal differences in Higher Education Com-
petitiveness Level in China’s three major regions show a
narrowing trend.

5.3 Analysis of Inter-regional Differences in
Higher Education Competitiveness Level
in China

According to the results reported in Table 4 and Figure 7,
during the sample observation period, the differences
between regions showed a decline or fluctuating down-
ward trend, with similar trends. After a slight decline,
there was a brief rise. From 2008 to 2020, the average



18 =— YiSunetal

0.7 | —%—Eastern China-Central China ~—#—Eastern China-Western China

—o— Central China-Western China
0.6

05
04 | NWQ
03 | w

02

Gini Coefficient

0.1 L L L L L L L L L L L L
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

Figure 7: Inter-regional differences in higher education competitiveness
level in China.

Gini coefficient of inter-regional differences in Higher Edu-
cation Competitiveness Level decreased in the following
order: Eastern Region — Western Region > Central Region
— Western Region > Eastern Region — Central Region. This
indicates that the difference in Higher Education Competi-
tiveness Level between the eastern and western regions is
the largest, while the difference between the eastern and
central regions is relatively smaller. The inter-regional dif-
ferences between the central region and other regions are
relatively stable, and the inter-regional differences show a
narrowing trend. From 2008 to 2020, the inter-regional differ-
ence between the eastern and western regions decreased
from 0.612 to 0.502, a decline of 19.97%. Among them, the
largest decline occurred from 2008 to 2016, with the inter-
regional difference between the eastern and western regions
decreasing from 0.612 to 0.435, a decline of 28.9%. From 2008
to 2020, the inter-regional difference between the eastern and
central regions decreased from 0.377 to 0.328, a decline of
13%. Among them, the largest decline occurred from 2008
to 2016, with the inter-regional difference between the
eastern and central regions decreasing from 0.377 to 0.251,
a decline of 33.4%. From 2008 to 2020, the inter-regional
difference between the central and western regions decreased
from 0.459 to 0.366, a decline of 20.3%, showing a fluctuating
downward trend.

5.4 Analysis of the Sources of Differences in
Higher Education Competitiveness Level
in China

From the perspective of spatial sources of regional differ-
ences, inter-regional differences, intra-regional differences, and
supravariate density are all spatial sources of regional differences
in Higher Education Competitiveness Level. Among them, intra-
regional differences measure the regional differences in Higher
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Education Competitiveness Level among provinces within the
three major regions; inter-regional differences measure the
pure regional differences between regions with high average
levels of higher education competitiveness and regions with
low levels of higher education competitiveness; and supra-
variate density measures the degree of cross-group cross-
over of inter-regional outlier values. As shown in Figure 8,
inter-regional differences are the main source of regional
differences in higher education competitiveness in China.
From 2008 to 2020, the average contribution of inter-
regional differences to the overall gap reached 55.75%,
the average contribution of intra-regional differences to
the overall gap was 27.27%, and the average contribution
rate of supravariate density was 16.98%. The contribution
rate of inter-regional differences in Higher Education
Competitiveness Level in China decreased from 60.26%
in 2008 to 53.78% in 2020, a decline of 10.75%; the contri-
bution rate of intra-regional differences in 2020 increased
by 7.14% compared to 2008, and the contribution rate of
supravariate density in 2020 increased by 34.12% com-
pared to 2008. Therefore, improving the Higher Education
Competitiveness Level in the central and western regions,
especially narrowing the gap between regions, is key to
addressing the imbalance in China’s higher education
development.

6 Conclusions and Implications

6.1 Main Contributions

In this article, using the DPSIR model, the authors con-
structed an evaluation index system for Higher Education
Competitiveness Level from the perspectives of driving
force, pressure, state, impact, and response. The authors

B intraregional contribution rate Oregional contribution rate O intensity of transvariation
100%
90% I
80% I
70%
60%
50% I
40%
30% |
20%
10%
0%

Contribution Rate

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

Figure 8: Spatial sources of regional differences in higher education
competitiveness level in China.
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employed the entropy weight TOPSIS method to measure

the Higher Education Competitiveness Level of 31 provinces

in China from 2008 to 2020 and further analyzed their spa-
tiotemporal pattern. Based on this, the authors analyzed the
dynamic evolution and long-term transition trends of Higher

Education Competitiveness Level using traditional spatial

Kernel density estimation methods and Markov chain ana-

lysis method, and examined the differences and their sources

in Higher Education Competitiveness Level using Dagum’s

Gini coefficient. The research conclusions are as follows:

(1) From the measurement results, during the sample
observation period, China’s higher education competi-
tiveness level showed a steady upward trend, with the
average level of higher education competitiveness rising
from 0.282 in 2008 to 0.335 in 2020, an overall increase of
18.79%. However, the overall level remains relatively
low, with only one-third of provinces reaching the
national average level. There are significant regional
differences and distinct regional characteristics, pre-
senting an imbalanced spatial pattern of development
with stronger performance in the east and weaker per-
formance in the west.

(2) From the perspective of dynamic evolution, under spa-
tial conditions, the results of static Kernel density esti-
mation and dynamic Kernel density estimation are
similar but different. When neighboring provinces’ Higher
Education Competitiveness Level are at a high level, there is
no spatial positive correlation between provinces in both
static and dynamic estimation results. When neighboring
provinces’ Higher Education Competitiveness Level are
at medium or low levels, considering the time factor, the
spatial positive correlation between provinces is signifi-
cantly weakened. Traditional Markov chain analysis
shows that the development trends of higher education
in various provinces in China are relatively stable, and
the stability of Higher Education Competitiveness Level
in each province gradually weakens with the extension
of time span. Spatial Markov chain analysis shows that, con-
sidering spatial factors, the Higher Education Competitiveness
Level of each province remains unchanged, and it is diffi-
cult for the Higher Education Competitiveness Level of
each province to achieve a leapfrogging improvement,
regardless of whether spatial factors are considered or not.

(3) Interms of regional differences, the overall differences
in Higher Education Competitiveness Level show a
downward trend, with inter-regional differences being
the main source, with an average contribution rate of
55.75%. The differences mainly come from the differ-
ences between the three major regions, and the internal
differences within the three major regions also show
different degrees of downward trends. Among them,

Higher Education Competitiveness Level and Regional Disparities in China

-—_ 19

the internal differences in the eastern region have the
largest decline, followed by the central region, and
the western region has the smallest decline. In addition,
the differences between the eastern and western regions
are the largest, the differences between the central and
western regions are intermediate, and the differences
between the eastern and central regions are the smallest.

6.2 Policy Implications

Access to quality higher education can significantly impact
social mobility and reduce inequality. Governments and
institutions must ensure that education remains accessible
to all segments of society, regardless of socio-economic
background, ethnicity, or geographic location. To further
improve China’s Higher Education Competitiveness Level,
reduce regional differences, achieve high-quality and sus-
tainable development of higher education, and promote
the construction of China’s modern education system,
this article draws the following implications and sugges-
tions based on the above research conclusions:

(1) Thoroughly implement the concept of sustainable devel-
opment. At present, China’s higher education competitive-
ness level is still relatively low, and local governments and
universities should fully recognize the important role of
higher education in promoting economic and social devel-
opment. In October 2019, six departments, including the
National Development and Reform Commission, jointly
issued a national pilot program for the integration
between industry and education. The program proposed
deepening the integration between industry and educa-
tion to promote the organic connection of education
chains, talent chains, industry chains, and innovation
chains. This strategic measure aims to facilitate mutual
penetration, coordination, and advancement of educa-
tion-oriented development, talentled development,
industry innovation development, and high-quality eco-
nomic growth. The 20th National Congress report empha-
sized the importance of pursuing education-oriented
development, self-reliance and self-improvement in
science and technology, and talent-driven leadership. It
highlighted the need to expedite China’s journey towards
becoming a powerhouse in education, science, and talent.
The report called for establishing a mechanism for the
coordinated development of higher education and
industry clusters, aiming to integrate talent cultivation
with social needs and scientific research innovation
with achievement transformation. Universities were
urged to leverage their strengths in areas like enterprises,
industries, technologies, and talents to deepen industry-
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education integration. They should create interdisci-
plinary platforms for applied technology research and
transformation, foster professional ability innovation,
support innovation and entrepreneurship incubation,
and facilitate the organic connection of industry chains,
innovation chains, education chains, and talent chains.

(2) Adopt tailored development strategies to drive the upward
leap of higher education competitiveness. The higher edu-
cation competitiveness level in the eastern region has
always maintained a leading advantage, while the higher
education competitiveness level in the western region is
relatively lagging. The primary task for the western region
is to learn from successful development experiences in
order to enhance the foundational level of higher educa-
tion. Continued efforts should be made to increase support
in terms of funds, talents, and technology in the central
and western regions. It is important to provide the neces-
sary guarantee conditions for the development of higher
education in these regions, promoting their continual
enhancement of higher education competitiveness and
gradually narrowing the gap with the eastern region.

(3) The issue of regional disparities in the development of
higher education, particularly between the three major
regions, needs to be effectively addressed. In order to
achieve a new leap in the level of higher education
competitiveness in each province, there should be a
focus on the leading and linking roles of developed pro-
vinces in the east. This involves promoting the flow of
educational and technological resources, enhancing
regional relevance, strengthening communication and
cooperation among regions, rational resource allocation,
and fully utilizing and developing the spatial spillover
effects of higher education development. By driving the
radiation effect of developed regions on relatively back-
ward regions, we can prevent the further expansion of
regional development imbalances and achieve coordi-
nated development of higher education across multiple
regions. Central and western regions, based on their
own resource advantages, should work in conjunction
with relevant government support policies. They should
tap into resources and talent, strengthen the construction
of the higher education system within the region, and
enhance the level of higher education competitiveness.

6.3 Research Limitations

In the era of globalization, countries are increasingly competing
in the knowledge economy. Higher education institutions serve
as hubs for knowledge creation, dissemination, and innovation,
playing a crucial role in driving economic growth and pros-
perity. Although this study has measured the level of higher

DE GRUYTER

education competitiveness in China and explored regional dis-
parities, there are limitations to this research. First, this study
was based on panel data from 31 provinces in China, and the
research scale is relatively macro. In the future, panel data at
the city level could be used for analysis, as there may be some
differences in the status of higher education competitiveness at
the small scale, and spatial correlation and spillover effects
between small-scale regions may be more obvious. Analyzing
at the city level would be helpful in a more comprehensive and
detailed analysis of China’s higher education competitiveness.
Secondly, while this study has conducted an in-depth analysis of
the current situation of China’s higher education competitive-
ness from multiple perspectives, the driving mechanisms
behind this phenomenon require further research. In the
future, a driving mechanism model could be constructed to
effectively reveal the transmission paths and mechanisms of
the various elements of the higher education system. In the
future, we will conduct a comparative study of higher educa-
tion systems in different countries or regions, which can pro-
vide valuable insights into the factors driving competitiveness
and the effectiveness of various policy interventions.
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