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Abstract

This paper constructs the 6E evaluation index system, a comprehensive index including the
dimensions of economy, effectiveness, efficiency, equity, earnings and equality, to measure
the sustainable higher education development of the 31 provincial regions of China by utiliz-
ing the information entropy weight-TOPSIS method. This paper then makes a spatial and
temporal analysis of the coupling coordination relationship among the dimensions of sus-
tainable higher education development by using the coupling coordination model. In addi-
tion, this paper proposes specific and applicable countermeasures for sustainable higher
education development. The results show that the comprehensive degrees of sustainable
higher education development in most regions are not high, and the coastal regions and the
Central-south China regions have higher grades; in addition, for most regions, the coupling
coordination degrees mainly remain stable, with mild growth in the respective classifica-
tions, and the gap between the west and other regions is declining. The improved method is
applicable to measure the sustainable development of higher education and to propose
detailed and appropriate suggestions for further development.

Introduction

In the early 1980s, Romer [1] proposed a new theory of economic growth, stressing that higher
education is important to improve the regional economy and human capital. This theory is
well supported by the proposition of sustainable development in education [2], the implemen-
tation of higher education development strategies in many countries [3], and the success of
countries’ economic growth and talent training [4][5]. In addition, higher education institu-
tions can help foster human sustainability [6]; thus, developing higher education institutions
with a sustainable perspective is a key focus. Before the 1990s, the concepts of University 1.0,
2.0 and 3.0, highlighting the aims of universities, were proposed. University 1.0 was primarily
concerned with the development of educational institutions themselves; University 2.0 mainly
focused on the coordination of teaching and research of universities [7], and University 3.0
added a new aspect: the contribution of knowledge to society and economics [8]. These three
versions of the aims have become the basis of higher education institutions’ competitiveness
and have received much attention from stakeholders. With the renown and common sense of
sustainability, University 4.0 is hereby proposed, illustrating that the development of higher
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education institutions should consider the sustainability of both the institutions themselves
and society [9].

The United Nations (UN) proposes the connotation of sustainable development in educa-
tion, and many countries have initiated programs to accelerate sustainable higher education
development (SHED) [2]; however, higher education still performs weakly with respect to sus-
tainability, and regional imbalances of SHED still exist [10,11]. In addition, particular factors
exist in different regions to hinder the advancement of SHED, and the coordination mecha-
nism among the factors affecting SHED is not clear [12]. Therefore, it is important to clarify
the coordination mechanism among the factors of SHED theoretically and empirically and to
explore efficient approaches to measure SHED.

This paper aims to construct an evaluation framework with an index system that can evalu-
ate SHED, to analyze the status of SHED, to measure the coupling coordination relationship of
the dimensions within SHED and to propose specific countermeasures to enhance SHED
through coordination. The paper is organized as follows. Section 2 is the literature review; sec-
tion 3 is the introduction of the study area and data sources; section 4 is the construction of
the SHED evaluation framework and index system and the introduction to the evaluation pro-
cess; section 5 is the discussion of the results; section 6 gives specific countermeasures of
SHED; and in the final part, section 7, conclusions and future prospects are given.

Literature review

The sustainability of higher education refers to coordinated development involving the aspects
of environment, economics, culture, gender equality, community responsibility, etc. [13-16];
the long-term balance among them should be maintained [17]. The concept of SHED is com-
prehensive, including the interaction of higher education with the surrounding environment,
economic growth, societal equity, equality, quality enhancement, etc. Therefore, once the defi-
nition of SHED can be identified, we can determine indicators to measure SHED and its coor-
dination status [18].

Current studies are trying to determine the goals and aims of SHED and illustrate the corre-
lation between higher education and other aspects (such as environment, society, culture,
economy). To find appropriate influencing factors to measure SHED, studies seek approaches
to measure SHED [19]. In detail, the UN proposes the following dimensions of sustainability
in education: inclusiveness, gender equality, qualified education, lifelong education, and social
interactions [20,21]. Berchem proposes that competitive higher education depends on scien-
tific research, economic contributions, and social and cultural interactions [22]. By building
research labs or scientific centers, universities construct relationships with industry; thus,
higher education institutions develop in view of economic output [23-25]. Furthermore, one
of the aims of higher education is to cultivate competitive students in the job market [26,27];
thus, the cultivation of students with competitive knowledge is considered a factor of SHED
[28,29]. In addition, the UN proposes that international cooperation is one of the goals of sus-
tainable education [2], meaning that internationalization is one of the factors that describes
SHED. In addition, higher education institutions are suggested to admit both domestic and
international students to increase their potential competitiveness in the global labor market
[30] and to provide students with lifelong higher education opportunities to enhance the com-
petency of the higher education institutions [31]. The generalization and massification of
higher education are also mentioned as the goals of SHED, and these factors influence univer-
sity development [32]. The generalization and massification of higher education are affected
not only by population growth but also by changes in the population and industry structures
[33,34]; thus, the number of students and the relation with industry can be applied to evaluate
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SHED. Furthermore, scholars discuss the development of higher education from the perspec-
tive of the benefits of persons, demonstrating that human development and welfare are key
aspects for evaluating SHED [35,36]. Although there are studies on the goals of SHED, there is
no broad consensus regarding how to comprehensively measure SHED with its components’
interactions.

Efforts have been made to evaluate SHED from different perspectives, but the approaches
to measure SHED are still one of the main issues to be discussed [37]. Scholars have conducted
a variety of studies on this topic via qualitative or quantitative approaches. Qualitative research
mainly focuses on the origin and strategies of SHED [38,39], while quantitative research
mainly evaluates the sustainable development ability and competitiveness of higher education
[31,40], analyzes related factors affecting SHED [41], explores the coordination mechanism
between higher education and other factors [42], etc. However, previous studies are mainly
based on specific cities or universities, and the spatial-temporal interprovincial comparisons of
SHED components are relatively inadequate. In addition, there are debates in the evaluation
process; weighting is a key step in the SHED measurement procedure and can be divided into
two categories: the subjective method and the objective method. In the subjective method, pro-
fessionals determine the weighting coefficient of indicators by marking scores. The typical sub-
jective methods are the Delphi method [43] and analytic hierarchy process (AHP) [44]. The
objective approach is used to determine the weight of indicators based on the factual data to
avoid the deviation of factors and personal bias. The typical methods include cluster analysis
[31], gray correlation analysis (GCA) [45], principal component analysis (PCA) [46], informa-
tion entropy weight analysis (IEW) [47], and the technique for order preference by similarity
to an ideal solution (TOPSIS) [47]. Previous research has proven the deficiencies of the meth-
ods above. For instance, subjective weighting methods, such as the AHP and Delphi methods,
are proven to have poor objectivity and preciseness because of personal preferences and bias;
PCA is likely to lose information in the extraction of main components that are related to the
indicator numbers; GCA and cluster analysis are suitable if they are used jointly with other
methods, such as PCA and AHP, but they perform poorly when used independently in the
index weight determination [48]. Current studies taking measurements in the field of higher
education mainly use subjective approaches that neglect the importance of data, so the results
are not always convincing. In contrast, the combination of IEW and TOPSIS is an improved
approach in which the weights of the indices are determined according to the combined
weighting method. The ranking of the objects is decided by the ranking that approximates the
ideal solution [49]. IEW-TOPSIS can reflect the relative importance of the indicators using
data, making it highly applicable and convincing to the measure SHED. Applying IEW-TOP-
SIS to the measurement of SHED can achieve the intended purpose and represent advantages
over other existing approaches.

In conclusion, great efforts have been made in defining and evaluating SHED, but cur-
rently, there are no widely accepted and applicable evaluation metrics to measure SHED, so
the attempt to measure the performance of SHED and the interaction mechanisms among its
dimensions is difficult. In addition, current studies mainly focus on SHED from microscopic
perspectives, such as at the university or individual regional level, ignoring interregional com-
parisons, although spatial-temporal comparisons from a macroscopic perspective are helpful
for us to better understand SHED completely and comprehensively. In addition, the former
methods used to evaluate SHED are insufficient, and an improved method is needed to better
measure SHED. Therefore, it is necessary to construct an accepted and applicable evaluation
framework to measure SHED and use it for temporal and spatial evaluation and comparison
with an improved objective approach.
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Study areas and data sources
Study areas

As one of the largest countries globally, China enjoys approximately 9600 square kilometers
and consists of 34 provincial administrative units, including 23 provinces, 4 municipalities, 5
ethic autonomous regions, and 2 special administrative regions. China has recently witnessed
rapid development in sustainability in various fields, including higher education. Its higher
education is playing a competitive role: according to the statistics from the Educational Statis-
tics Yearbook of China, in 2018, there were 7.53 million undergraduates and 0.60 million post-
graduates graduating from 2663 higher education institutions, 3,889 billion yuan invested in
education, 1.31 million scientific papers issued, 45,591 science and technology publications,
and 278 thousand patents applications. However, a regional imbalance of SHED and conflicts
of resource allocation have accompanied the recent rapid growth of higher education in
China. Therefore, taking the provincial units of China as research objects and measuring the
development status and the coupling coordination of SHED are of importance to enhance the
regional balance and accelerate the sustainability of higher education in different regions. In
this study, 31 provincial units are selected as research objects, while 3 units (Hong Kong,
Macau and Taiwan) are excluded due to significant differences. The 31 objects are Yunnan,
Hebei, Shandong, Henan, Guizhou, Shanxi, Heilongjiang, Jiangsu, Liaoning, Jilin, Fujian,
Jiangxi, Hubei, Shaanxi, Guangdong, Gansu, Hunan, Anhui, Sichuan, Hainan, Zhejiang, Qing-
hai (22 provinces), Beijing, Tianjin, Shanghai, Chongging (4 municipalities), Inner Mongolia,
Tibet, Xinjiang, Ningxia, and Guangxi (5 ethic autonomous regions). (Fig 1)

The choice of the provincial regions in China as the study case can make the research repre-
sentative. First, China is the largest developing country in the world and has experienced rapid
development and large regional differences in recent decades, and research on SHED in China
can promote understanding of the development of higher education in emerging countries.
Second, the current research mainly focuses on specific regions and lacks spatial and temporal
comparisons among regions in measuring SHED, and this paper can fill this gap by comparing
the provincial differences among the 31 regions in China.

Data sources

The data obtained are from the China Statistical Yearbook (2013-2017), Educational Statistics
Yearbook of China (2013-2017), China Statistical Yearbook on Sciences and Technology
(2013-2017), and China Torch Statistical Yearbook (2013-2017). Data of certain indicators
are calculated and converted through original materials with formulas.

Study methods
Construction of the evaluation framework

From the sustainability perspective, the evaluation framework of SHED should be more com-
prehensive than other frameworks evaluating business or industries because we need to con-
sider the sustainable coordination mechanism among the dimensions of SHED. According to
the review of the above literature, the evaluation framework of SHED should focus on equity
and equality, which are the requirements of sustainable education proposed by the UN. In addi-
tion, economy, effectiveness, efficiency, and earnings should be introduced into the framework
of SHED. Economy refers to the sustainable contribution of higher education to the economic
output; effectiveness refers to the sustainable contribution of the research output to organiza-
tional targets; efficiency refers to the ratio of output and input and evaluates whether the higher
education of a region develops efficiently with sustainability; equity refers to the sustainable
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Fig 1. Study area.
https://doi.org/10.1371/journal.pone.0233747.9001

contribution to the interaction with the society, including the education service provided; earn-
ings refer to the annual performance, which illustrates the quality enhancement of higher edu-
cation; and equality refers to the contribution of gender and racial equality to higher education
development. These 6 dimensions can be summarized as 6E according to the initial letter of the
words and can comprehensively illustrate the coordinated performances of SHED. The 6E
framework is a new and advanced one compared with the former frameworks, as it consists of
economy, effectiveness, efficiency, equity, equality and earnings from the sustainability perspec-
tive and addresses the coordination mechanism of the SHED dimensions (Fig 2).

Construction of the evaluation index system

According to the 6E evaluation framework, indicators are screened and selected to measure
SHED (Table 1). The selection principles are as follows. First, the indicators should be repre-
sentative in illustrating SHED; second, the indicators should be widely accepted and cited and
easy for the public to understand; third, the indicators should be applicable after eliminating
multicollinearity; and fourth, the data of the indicators should be accessible [50].

(1) Economy refers to the contribution of SHED to economic development. The economic
contribution of higher education is mainly indirect, so the statistics of National University
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Science Parks (NUSPs) supported by higher education institutions (HEIs) are selected to eval-
uate the economic contribution of higher education. In detail, there are 4 indicators: area of
incubation space of an NUSP, number of new tenants in the NUSP in that year, income of the
incubation corporations in the NUSP, and taxes paid by incubation corporations in the NUSP.

(2) Effectiveness refers to the outcomes and performance of HEIs corresponding to their
goals for research and science output. It represents the quality of SHED in science and technol-
ogy. In this dimension, there are 4 indicators: numbers of scientific papers issued, publications
on science & technology, patents, and research & development projects.

(3) Efficiency refers to the input-output ratio of higher education to evaluate SHED effi-
ciency. The main participants and stakeholders, such as faculty, students, fiscal investors, etc.,
are considered, and the evaluation indices based on the ratio between output and input are
selected. There are 5 indicators, namely, the number of students per 100,000 population, stu-
dent-teacher ratio, funds per number of students, R&D radio of input of funds to expenditures,
and ratio of teachers with a PhD to the number of full-time teachers.

(4) Equity refers to both the public participation in higher education and the public welfare
from higher education. To achieve the goal of sustainable development, it is important for
HEIs to communicate and interact positively with communities and the public; therefore, the
interaction with the public is reflected in this dimension. Five indicators are selected to evalu-
ate the participation and benefits of the public. In detail, the indicator “number of part-time
teachers” demonstrates the input from the public; the numbers of enrolled postgraduate stu-
dents, enrolled undergraduate students, students enrolled in self-directed classes, and students
in in-service training are the remaining 4 indicators used to evaluate the public welfare from
SHED.
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Table 1. Evaluation index system of SHED.

System

Dimension Indicator

Sustainable higher education development (A1) Economy (B1) Area of incubation space of NUSP (C1)

https://doi.org/10.1371/journal.pone.0233747.t001

Number of new tenants in NUSP (C2)
Income of the incubation corps. in NUSP (C3)
Taxes of incubation corps. in NUSP (C4)
Effectiveness (B2) Number of scientific papers issued (C5)
Number of publications on S&T (C6)
Number of patents (C7)
Number of R&D projects (C8)
Efficiency (B3) Number of students per 100,000 population (C9)
Student-teacher ratio (C10)
Funds per student (C11)
R&D radio of input of funds to expenditures (C12)
Ratio of doctor’s degrees to the number of full-time teachers (C13)
Equity (B4) Number of part-time teachers (C14)
Number of enrolled postgraduate students (C15)
Number of enrolled undergraduate students (C16)
Number of students enrolled in self-directed classes (C17)
Number of students in in-service training (C18)
Earnings (B5) Number of HEIs (C19)
Amount of educational personnel (C20)
Floor area of school buildings (C21)
Areas occupied by HEIs (C22)
Number of books & magazines in libraries (C23)
Number of PCs (C24)
Number of classrooms (C25)
Amount of fixed assets (C26)
Equality (B6) Ratio of female postgraduates (C27)
Ratio of female undergraduates (C28)
Ratio of female R&D personnel (C29)
Ratio of female educational personnel (C30)

Ratio of international graduates (C31)

(5) Earnings refer to the annual performance of HEIs together with their infrastructures,
which directly illustrates SHED from the perspective of quality. Eight indicators are selected in
this dimension, including the numbers of HEIs, educational personnel, books & magazines in
libraries, PCs, classrooms, fixed assets, floor area of school buildings, areas occupied by HEIs,
etc. These indicators comprehensively represent the condition of assets and resources of HEIs
in terms of absolute quantity.

(6) Equality refers to the equality of gender and race; in other words, this dimension repre-
sents the participation and contribution of women and international interactions to SHED.
Gender and racial equality are goals for achieving sustainability in education, so this study
adds “equality” to evaluate whether women and international students enjoy equal opportuni-
ties in achieving and supporting higher education. Women and international students are the
main participants in HEIs either as faculty or as students; therefore, 5 indicators are selected
from the student and faculty perspectives: ratios of female postgraduates, female undergradu-
ates, female R&D personnel, female educational personnel, and international graduates. The
ratios illustrate the equality of women and international students in SHED.
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Compared with former frameworks and indicators in the measurement of SHED, the 6E
evaluation framework with the index system presents several advantages. The 6E framework
includes 6 dimensions and 31 indicators and is more comprehensive than other alternatives
that may ignore certain key dimensions of SHED; in particular, the 6E framework considers
the economic contribution of higher education (economy) and emphasizes the contribution of
women (equality), which is not common in the previous alternatives and is also more suitable
to measure the sustainability of higher education. In addition, the indicators are representative
and easy to apply; thus, the index system is likely to be widely accepted and adopted in future
research.

Calculation of the comprehensive degree of SHED

TOPSIS is an effective technique for ranking alternatives by measuring the Euclidean distance.
As a multicriteria decision-making approach, TOPSIS proposes that the alternatives being
evaluated have the shortest distance from the positive ideal solution (SS) and the longest dis-
tance from the negative ideal solution (LS). TOPSIS can be used in many industries and fields.
In this paper, IEW and TOPSIS are jointly utilized to achieve the research goals. The detailed
processes are as follows.

(1) Calculate the normalized value x; i is the alternative (i = 1,2,.. .,m), j is the indicator

(j=1,2,...n),and x;j is the value in the original matrix.

X;:
x/., = ) J (1)

DY Xij

Here, we define max, _,_, x;; and min,_;_, x; as the maximum and the minimum values of
indicator j.
(2) Calculate the information entropy IE.

1B, =—()"" finfij) (2)
where
o 1+ x;.
TXL X
(3) Calculate the weight W;.
1-— IE,

W=———0'— (4)
=30 IE

(4) Calculate the positive and negative ideal solutions P and N.

P = (maxx,, max x,,, ..., Maxx, 5
<1§i§m 171S1§m 29 ,1SiSm tn) ( )
N = (min x,, min x,, ..., min X, 6

(1§i§m Il’lfifm i2) ’lgigm m) ()

(5) Calculate the separation measure.
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(6) Calculate the relative closeness C, which is named the comprehensive degree of SHED
(C-SHED). The larger the value of C is, the better the status of SHED.

co LS
LS+ SS

©)

(7) Establish the evaluation grade of the C-SHED. The grade is constructed according to
the equalization concept, which guarantees the equality of intervals (Table 2).

Calculation of the coupling coordination degree of SHED

SHED in this study is combined with 6 dimensions according to the framework. There are cor-
relations among these dimensions, which restrict or enhance each other and evolve coordina-
tively. Coupling refers to the notion that the dimensions in SHED interact with each other,
and coordination refers to the sustainable relationship among the dimensions when they work
together harmoniously [50]; coupling coordination degree is used to measure the interactions
of coupling coordination status among the dimensions [51]. Using the coupling coordination
model, this study calculates the coupling coordination degree of SHED (D-SHED); the proce-
dures are as follows.

(1) Calculate the coupling degree CP, where Q(x), G(y), H(z), K(u), L(u) and M(u) are the
C-SHED of the 6 dimensions.

1

op— {Q(x) x G(y) x H(z) x K(u) x L(u) x M(u)}6

(Q(x)+G(y)+H(z)+K(u)+L(u)+M(u))5
6

(10)

(2) Calculate the coordination degree CO. a, B, ¥, 3, €, and { are the coefficients. Referring
to the existing research [42] and the characteristics of SHED, the dimensions contribute
equally to SHED, and therefore, o =0.17, 3 =0.17,y=0.17,8 = 0.16, € = 0.17, and { = 0.16.

CO = aQ(x) + BG(y) + YH(z) + 8K(u) + €L(u) + {M(u) (11)

(3) Calculate the coupling coordination degree DE.

DE = +/CO x CP (12)

Referring to previous research [51], the evaluation classification of DE is constructed

(Table 3).
Table 2. Evaluation grade of C-SHED.
Value C>0.75 0.50 < C<0.75 0.25 < C<0.50 C<0.25
Grade Excellent Good Fair Poor

https://doi.org/10.1371/journal.pone.0233747.1002
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Table 3. Evaluation classification of D-SHED.

Value of DE Classification

1>DE>0.8 High coordination
0.8 > DE > 0.7 Intermediate coordination
0.7> DE > 0.6 Primary coordination
0.6 > DE > 0.5 Reluctant coordination
0.5>DE> 0.4 Approaching imbalance
0.4>DE>0.3 Slight imbalance
0.3>DE>0.2 Moderate imbalance

02>DE>0 High imbalance

https://doi.org/10.1371/journal.pone.0233747.1003

Results and discussion
Analysis of C-SHED

The values and ranks of the C-SHED in China from 2013 to 2017 are shown in S1 Table, and
the change trends of the values are shown in Fig 3.

Generally, from the temporal perspective, the C-SHEDs in most regions of China from
2013 to 2017 were not high, and the development trends were mildly fluctuant. Only one
region (Beijing) reached the grade of “excellent” once (in 2014), and only two regions had val-
ues above 0.5 in most years, which was “good” in the evaluation grade of the C-SHED (Beijing
and Jiangsu), while most regions had scores below 0.5 and received grades of “fair” or even
“poor”. In detail, Beijing and Jiangsu stood at the top of the ranking, with most scores over
0.50 and grades of “good”, proving that these two regions had developed the best C-SHED in
China, though their development grades could still be promoted to better status. Specifically,
Jiangsu ranked at the top, proving the correctness of a folk saying in China: “For education
development, all regions should learn from Jiangsu”; Beijing was competitive mainly due to its
status as the national capital and the preferential policies received from the central govern-
ment. Moreover, Ningxia, Qinghai, and Tibet were the last three during these five years.

0.900

0.800

0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000
2013 2014 2015 2016 2017
—4—Tibet —8—Ningxia === Qinghai Shanxi == Inner Mongolia
—8—Xinjiang == Hainan = Gansu === Guizhou —4—Jilin
—f— Guangxi =d—TFujian == Chongqing - Anhui Jiangxi
Yunnan = Tianjin Shaanxi ——Hebei —@—Hunan
—#—Heilongjiang =>¢=Henan =¥=Liaoning —@— Sichuan === Shandong
Zhejiang Guangdong Hubei Shanghai Beijing
== Jiangsu

Fig 3. Trends of C-SHED.
https://doi.org/10.1371/journal.pone.0233747.g003
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Located in West China, these three regions lacked innate advantages in higher education, so
the C-SHEDs were not satisfactory. Specifically, Tibet consistently ranked last from 2013 to
2017, so more efforts were needed to enhance its C-SHED. In addition, the other regions
shared similar situations: they ranked at the middle level (grade “fair” or “poor”) with mildly
fluctuating trends. Among them, Guizhou fluctuated greatly in 2015 but remained stable with
a “poor” grade in the rest of the years, which was mainly because of the high values of the total
revenue of and taxes paid by incubated enterprises in the NUSP in 2015. The regions with fair
and poor performance should pay more attention to SHED and upgrade their status.

The geographical distribution of the average grades of C-SHED:s is visualized by ArcGIS
10.2 (Fig 4); it is shown that there are certain geographical correlations of C-SHEDs in China.
From the spatial perspective, the noncoastal regions had relatively lower grades of C-SHEDs,
while the coastal regions and the Central-south China regions had higher C-SHEDs, which
was mainly due to the geographical, historical and economic advantages of the coastal regions
and the Central-south China regions. These regions had a longer history of higher education
in China, greater financial support, and key and prestigious universities to lead the local
SHED, so these regions enjoyed relatively higher C-SHEDs. In contrast, most areas in the west
and noncoastal areas had low grades on C-SHEDs mainly because of the fewer resources for
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SHED, weaker SHED foundation, and lack of prominent universities as the leading models in
SHED.

Analysis of D-SHED

The D-SHED values are shown in S2 Table, and the temporal trends of D-SHED are shown in
Fig 5.

From the temporal perspective, the coordination degrees of the regional economy, effec-
tiveness, efficiency, equity, earnings and equality of SHED coupling in most regions of China
from 2013 to 2017 mainly remained stable in the respective classifications, and a few regions
experienced great increases. Among them, Fujian, Inner Mongolia, Guangxi, Hainan, Gui-
zhou, Qinghai, and Ningxia witnessed large changes from high imbalance in 2013, with values
of 0, to higher coordination classifications in 2017. Specifically, Fujian changed from high
imbalance in 2013 to slight coordination in 2014 (0.5145) and kept that status in the following
years; it leaped up 4 levels. Guangxi and Guizhou maintained high imbalance in 2013 and
2014 and then changed to slight coordination in the remaining years (0.5085 and 0.5043,
respectively, in 2017), indicating that the D-SHEDs of these regions maintained relatively
moderate levels in the remaining years. Inner Mongolia and Hainan maintained high imbal-
ance in 2013 and 2014 and then approached imbalance in the next 3 years (0.4758 and 0.4542,
respectively, in 2017); Qinghai and Ningxia presented a slight imbalance after 2015 (0.3578
and 0.3813), illustrating that these regions experienced transition periods from imbalanced to
average in recent years. These regions changed greatly mainly because of their low D-SHED
status at the beginning (0 in 2013), which was caused by the imbalanced coordination in the
economy dimension: there were no NUSPs in these regions, so no values were available in this
dimension. Compared with the other 5 dimensions, the economy dimension presented highly
imbalanced coordination development, which led to a high imbalance of the D-SHED for
these regions.
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Fig 5. Trends of D-SHED.
https://doi.org/10.1371/journal.pone.0233747.9005
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Fig 6. Geographical distribution of D-SHEDs. (a) 2013; (b) 2014; (c) 2015; (d) 2016; (e) 2017.
https://doi.org/10.1371/journal.pone.0233747.9006

On the other hand, the remaining regions maintained a relatively stable status. Among
them, Tibet was a special case, as its D-SHED maintained the value 0, meaning that it main-
tained the status of high imbalance for the entire 5-year period. This was because there were
no NUSPs in Tibet, which led to an imbalance between the economic dimension and the other
dimensions that has persisted until the present. In addition, Beijing and Jiangsu maintained
high D-SHEDs (above 0.7), and Beijing even enjoyed the status of high coordination in 2014
(0.8495), demonstrating that the two regions maintained coordination among the 6 dimen-
sions in SHED. Furthermore, other regions held relatively stable status, and the D-SHEDs fluc-
tuated between the level of approaching imbalance (0.4-0.5) and primary coordination (0.6—
0.7), proving that the SHEDs of these regions have remained coordinated to some degree in
recent years. However, it is also noticeable that the trend of Beijing was declining slightly
(from 0.7811 in 2013 to 0.7534 in 2017), so a comprehensive approach should be taken to opti-
mize the D-SHED and to prevent potential degeneration.

To analyze the spatial changes of the D-SHEDs dynamically, ArcGIS 10.2 was utilized to
visualize the results from 2013 to 2017, as shown in Fig 6. There are two findings from the fig-
ure. (1) The D-SHED in China was generally improving over the five years because increasing
numbers of regions were achieving higher coupling coordination classifications, especially
Guizhou, Guangxi, Fujian, Inner Mongolia, Ningxia, Qinghai, and Hunan: the D-SHEDs of
these regions obviously increased from lower classifications to higher ones. The general
improvement of the D-SHEDs demonstrated that the dimensions of sustainable higher educa-
tion developed coordinatively and harmoniously, and related policies aiming to enhance and
promote the sustainable higher education development and competitiveness proposed by the
authorities had positive effects. (2) The D-SHEDs in the western regions were lower than those
in the central and eastern regions of China; however, the gap between the west and other
regions was declining. This is consistent with the current reality in China: although the western
regions of China were less developed in terms of SHED due to historical and geographical
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reasons, the gap among regions was diminishing because of the special policies or strategies
for western regions, such as the West China Development Strategy and the Special Founda-
tions for Western University Policy, so the western regions were gradually catching up with
other places. However, although the gap is declining, regional differences in D-SHED: still
exist; therefore, corresponding countermeasures are required for different regions to effec-
tively and efficiently enhance D-SHED:s.

Countermeasures

The relatively stable statuses of SHED and the geographical differences among regions indicate
that it is necessary to take corresponding and specific countermeasures to accelerate higher
education development with the philosophy of sustainability in different regions. Therefore,
the following countermeasures are proposed for further effective and efficient actions.

For the western regions, where C-SHEDs and D-SHEDs are relatively low, great efforts are
needed to enhance SHED in almost every aspect. Potential countermeasures are as follows.

(1) Compensate for innate weaknesses (such as developing national university science
parks) and make use of intrinsic advantages (such as accentuating the leading role of the local
key universities) to achieve benign coordination among the dimensions of higher education
and realize the sustainable development of higher education. For instance, it is encouraged
that Tibet compensate for the shortage in SHED by setting up national university science
parks. In addition, it is possible for Gansu to explore the innate potential of its local key univer-
sities and support those institutions as the engines of SHED.

(2) Make use of supportive policies (such as the policy of West China Development and the
Special Foundations for Western University Policy) to construct mechanisms for interaction
with the high SHED regions. In detail, western regions can cooperate with advanced regions
in the east and learn both the philosophy and practical skills related to SHED from them. For
instance, Ningxia in the west can initiate co-research programs with eastern regions so that it
can enhance the research outputs in the effectiveness dimension.

(3) Make use of the geographical advantages of border regions to achieve international cooper-
ation (such as SHED international forums or co-research programs) so that leapfrog development
in sustainable higher education can be realized. For instance, Tibet, Xinjiang and Inner Mongolia
can initiate international cooperation with neighboring countries, such as India, Russia and Mon-
golia, under the national strategic frameworks to enhance higher education equality.

For most central regions, with a SHED status at the intermediate level, the focus should be
on individual characteristics and targeted actions to enhance SHED. Several actions are pro-
posed, as follows.

(1) Make more precise positioning of the local SHED (e.g., higher education aiming to
serve the local economic and social development, support national strategies, lead global
changes) and develop sustainable higher education with a differentiation strategy. Analyzing
the characteristics carefully and taking targeted actions are necessary; for example, it is neces-
sary for Henan to reconsider its SHED strategy, reposition the NUSP and enhance the contri-
bution of the NUSP by attracting more synergistic industries so that the coordination status of
SHED can be improved in the economy dimension.

(2) Establish cross-regional or cross-disciplinary higher education alliances, utilize outside
resources and platforms, form resource-sharing and cooperation mechanisms, and create win-
win situations. For example, it is possible for Heilongjiang to encourage the participation of
private capital in SHED, construct integrated platforms where cooperation between universi-
ties and corporations is possible, and enhance the coupling coordination status of SHED in the
equity dimension.
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For most coastal regions, where SHED and the coupling coordination degrees are high, on
the premise of keeping the status quo, it is necessary to optimize the structure of SHED and
enhance the overall performances. Detailed countermeasures could be taken, as follows.

(1) Encourage innovation to find new growth points of SHED by introducing supportive
policies, such as special supportive policies for innovation programs facilitating SHED and
tax-reducing policies for enterprises engaged in technological innovation in the higher educa-
tion field. For example, in the context of constructing the Shanghai Free Trade Zone, Shanghai
can propose new policies to support HEIs and related corporations to initiate innovation pro-
grams and accelerate the sustainable development of higher education.

(2) Set up special funds to encourage multilateral participation in exploring the new modes
and the future trends of SHED and therefore guarantee the competitiveness of SHED. For exam-
ple, as the top 2 regions, Beijing and Jiangsu can spend more of their budgets on supporting
researchers to explore new modes of SHED and to share their advanced experiences with other
regions. In detail, Beijing needs to devote more funds to reverse its downward trend of SHED.

Conclusions and prospects

This paper selects the 31 provincial regions of China as cases, studies the comprehensive status
and the coupling coordination level of sustainable higher education development with IEW-
TOPSIS and the coupling coordination model, and makes the following conclusions.

(1) At present, the C-SHEDs in most regions of China are not high, and the development
trends are mildly fluctuating. Spatially, there are geographical correlations of C-SHEDs in
China: the coastal regions and the Central-south China regions have higher grades of
C-SHEDs, and the noncoastal regions have relatively lower C-SHEDs.

(2) Currently, the D-SHEDs in most regions of China mainly remain stable in their respec-
tive classifications, and a few regions have experienced great increases. Over the five-year
period studied, the D-SHED in China is generally improving; in addition, the D-SHEDs in the
western regions are lower than those in the middle and eastern regions; however, the gap
between the west and the east is declining.

(3) The philosophy of sustainability is an effective and necessary tool to enhance the SHED
in China, and there is still a long way to go. Corresponding specific countermeasures are
required for different regions to achieve coordinated SHED development.

There are several contributions of this paper, which are as follows.

(1) This paper constructs the 6E evaluation framework, which is a new and advanced
framework compared with the previous frameworks used to measure SHED; based on this
framework, this paper then constructs the evaluation index system with indicators that are
applicable to objectively and comprehensively evaluate SHED. The framework and the index
system well analyze the development and coordination status of sustainable higher education.

(2) This paper uses IEW-TOPSIS and the coupling coordination model to measure the
comprehensive development status and the coupling coordination level of SHED, and it
proves that IEW-TOPSIS and the coupling coordination model are effective in measuring the
performance of higher education. In addition, this paper addresses the deficiencies of former
studies, which mainly focus on a single case and analyze the coupling relationship between
only 2 dimensions.

(3) According to the unique characteristics of the regions, this paper proposes specific and
practical countermeasures that are suitable for different places. These countermeasures con-
tribute to a better understanding of the coupling coordination relationships of SHED in 6
dimensions and contribute to better application of the 6E evaluation framework in SHED
practice.
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There are some limitations. The evaluation index system should be multidimensional with

representative indicators, but due to the limited accessibility of certain data, some relevant

indicators or factors must be ignored (e.g., international cooperation); furthermore, due to

their significant differences, certain regions, such as Hong Kong, Macau and Taiwan, are also
neglected, which makes this study not perfect. These limitations are prospects for future
research and merit further discussion.
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