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Abstract: With the socio-economic development in China, the central government pays more and
more attention to innovations. Universities, research institutes, and industries (URI) are the main
bodies of innovation. Therefore, in order to perform sustainable development of innovation, it is
essential for Chinese policy makers to better understand the relationship among URI innovations.
In this paper, indicators for evaluating URI innovations are collected, which are classified into three
subsystems. Utilizing regional data from 2009–2015 in China, the entropy method is subsequently
used to examine the contribution of indicators to the relative innovation subsystems. Then, a coupling
coordination degree model is developed based on the physical concept “coupling” to investigate
the relationship of URI innovation subsystems in China. The results reveal that in the period of
study: (1) research and development (R&D) input and output indicators are both important to the
regional innovation levels of URI, namely, they are critical for improving the coupling coordination
degree among the three innovation subsystems; (2) There is an increasing trend of the coupling
coordination of URI innovation system in China; however, the gap between regions/provinces
becomes larger due to different innovative resource endowments and socio-economic development
conditions. The results shown in this paper can provide important implications for policy makers to
obtain the sustainable development of URI innovation subsystems in China.

Keywords: URI innovation system; indicators; coupling coordination degree model; sustainable
development

1. Introduction

It is well known that universities and research institutes play a critical role to modern society
through generating knowledge and educating large proportions of the population [1]. In addition
to education and research, universities and research institutes have been undertaken different kinds
of roles, such as public service, improving regional socio-economic development and national
competitiveness, etc. Therefore, a “third mission” has been assigned to many universities and research
institutes through strengthening contact with knowledge users and promoting technology transfer,
on the initiative of government [2–4]. University–research institute–industry (URI) collaboration
has been a vital and sustainable element in the innovation system [5]. Over the past 30 years,
an innovation-oriented science policy has been adopted by many developed countries to facilitate the
connection of universities and industries [6], such as the United States [7], Japan [8], Singapore [9],
and European Union countries [10–12]. In China, since the 1950s, government has also encouraged
universities to participate in the research works of down-stream to improve the quality of
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industrial outputs. As stated in the report to the 19th National Congress of the Communist
Party of China in 2017, an innovative country will accelerate to be constructed, the forefront of
science and technology in the world will be targeted, the basic research will be strengthened,
and then, breakthroughs in forward-looking basic research and leading original achievements will
be achieved [13]. However, there are still existing problems in the development of Chinese URI
innovation collaboration. For example, the input structure of research funding in universities is
unreasonable, where most of the funding are from governments (63.14% in 2016) and only a small
part of the funding is from firms (30.51% in 2016) [14]. The development of URI collaboration is
unbalanced among different regions. From the geographical distribution of the 144 winners owed first
prize in the 2016 China-Industry-Research Cooperation Innovation Achievement Award, the number
of institutions from Beijing, Jiangsu, Guangdong, Zhejiang, and Shanghai accounts for 66.67%; those in
central region account for 12.5%, while those from the western region is even smaller. Therefore,
strategies and methods are needed to be developed to cope with the problems, effectively transfer
research results to Chinese industry to improve its competitiveness and innovation sustainability [15],
and improve the effect of URI innovation cooperation. Among the strategies and methods, one of the
critical steps is to investigate the dynamic state of coordination relationship of URI innovations in
different regions in China. Examining the relationship can further provide diverse strategy for regions
to improve the sustainability of URI innovation cooperation.

In the previous researches, numerous methods have been utilized to analyze the field of
university–research institute–industry relations, such as regression [16], descriptive methods [17],
and network analysis [18]. However, these methods are conducted on the basis of questionnaire or
interview or survey, which use subjective data to analyze URI relation. Even though objective data can
be obtained through survey, it is costly, laborious, time-consuming, and complex. Usually, the data
are on the basis of the micro level. Besides this, after reviewing the previous researches, scholars
often study one-way relationship among URI innovations. There is no scholar analyzing coupling
relationship through various interactions among URI innovations. Examining this relationship can
help policy makers understand the dynamic state of coordination of URI innovations in each region
and know which innovation subsystem should be improved before making effective innovation policy.
Based on the above analysis, it is essential to investigate coordination degree of the regional URI
innovation system with objective data and coupling coordination degree model, which can maintain
the innovation development in China to occur with a sustainable manner.

The remainder of this study is organized as follows: The previous researches concerning URI
collaborations are mainly reviewed in Section 2. Materials and methods are presented in Section 3,
which includes the descriptions of indicators and the computation steps of coupling coordination
degree model. Section 4 analyzes the empirical results of coupling coordination degrees of regional
URI innovation system in China. Then, based on the analysis, the conclusions and discussion of this
study are summarized in Section 5.

2. Literature Review

In the previous researches, many scholars have analyzed the collaboration of the URI innovation
system. For example, Feller et al. analyzed the impacts of universities on innovation in industry from
surveys and interviews with 355 firms and found that firms mainly obtain the access to upstream modes
of knowledge rather than specific products and processes [19]. Relying on a unique data-set sourcing
from Capitalia survey, Maietta investigated how university activities effect enterprise innovation
inputs and outputs from the perspective of a low-tech industry [20]. Based on the data from
a unique firm-level dataset and regression model, Kafouros et al. xamined how collaborations with
universities and research institutes influence the ability of Chinese emerging market enterprises
to develop innovations [21]. However, the researches above mainly discuss the influence of
universities and research institutes on industries. Universities and research institutes are not
only the contributors to industrial innovation, but also the recipients of industrial research and
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development (R&D) support [22]. Gulbrandsen and Smeby studied the influence of industry
funding on research performance through questionnaire and regression [16]. They found that
professors with industrial funding would carry out more applied research, cooperate more with
other researchers both in academia and in industry, and report more scientific publications and
industry outputs. By collaboration among universities, research institutes, and industries, the most
significant benefit obtained by industries is access to new research and discoveries, and that gained
by universities is to complement their academic research, such as providing funds for lab equipment,
and searching for better insights for research [5]. Ankrah and Omar also elaborated the motivations
for universities–industry collaboration [23]. For example, from the perspective of universities,
the motivations are responsiveness to government policy [24], access complementary expertise [25],
state-of-the art equipment and facilities [26], funding for research [27], test application of theory [28],
etc. From the perspective of industry, they are commercializing technologies in universities [4],
cost saving [29], solutions to specific problems [30], etc. In this respect, URI subsystems can interactive
and benefit with each other through collaboration. In addition, there are also some scholars study the
obstacles among the URI innovation system. For instance, drawing on a large-scale survey and public
records, Bruneel et al. sought the nature of the obstacles to cooperation between universities and
industry, and also explore effect of different mechanisms on lowing barriers [31]. Zhu et al. presented
a dynamic analysis of industry–university–research institute cooperation conflict using interval grey
numbers provided by decision makers [32]. Overall, scholars have paid much attention to the mutually
motivation and obstacles for research collaboration among the URI innovation subsystems, and a lot
of advances have been made in the previous researches. However, generally, the data used by these
studies are mainly from questionnaire or interview which is subjective, or survey which is costly
and time-consuming. Also, the data are mainly based on the micro-level. In addition, there is
a lack of understanding concerning the coupling relationship among the URI innovations through
various interactions.

Investigation and calculation of the coupling process among URI innovation systems are important
for the realization of sustainable form of innovative society. Coupling, originating from physics,
is a phenomenon where two or more indicators interact and affect with each other [33]. Due to its
effectiveness to analyze the relationship between two or more subsystems, it has been widely used
in the field of environment. For example, Li et al. and He et al. developed a coupling coordination
degree model to examine the relationship between urbanization and environment in Lianyungang
and Shanghai, respectively [33,34]. Also, with this model, Tang evaluates the coupling coordination
between tourism and the environment [35]. However, this technique has seldom been applied to exam
the relationship among URI innovation system. Considering the urgent requirement for building
innovative society in China, it is critical to examine the coupling relationship among URI innovation
system in each region, then provide rational innovation policy suggestions for policy makers.

With this physical coupling concept, a coupling coordination degree model concerning URI
innovation system is developed, which would enable us to have a deeper insight of the relationship
among university–research institute–industry innovations. This model makes it possible to analyze the
dynamic coupling process of the three innovation subsystems under the background construction of
innovative country in China. Two main objectives are intended to achieved in this study. First, a range
of indicators are aimed to be evaluated by their respective contributions to the three innovation
subsystems, and the indicators that make the greatest contribution are identified. These indicators are
the basis for the coordination of URI innovation system and policy formulation, improving innovation
level of the subsystems. Second, the dynamic evolutions of coupling coordination degrees of URI
innovation system are aimed to be described, using various regional data during 2009–2015 in China.
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3. Materials and Methods

3.1. Innovation Evaluation Indicators and Data Source

To investigate the coupling relationship among the innovation subsystems of university,
research institute, and industry in China, indicators evaluating their innovation levels are collected
respectively. The indicators should cover the various aspects of university–research institute–industry
sustainability, at the same time, they should be the simplest indicators, which can promote data
collection, understanding, and dissemination. The indicator subsystems of university, research institute,
and industry consist of eight, eight, and eleven indicators, respectively (see Table 1).

Table 1. The indicators for evaluating the university–research institute–industry (URI) innovation level.

Subsystem Evaluation Indicator Unit Weight

University
innovation

Research and Development (R&D) internal expenditure x1 10,000 yuan 0.199
Proportion of enterprises funds in R&D internal expenditure x2 % 0.004

Researchers input x3 Persons*years 0.086
R&D project funding x4 10,000 yuan 0.204

The number of the published scientific papers x5 0.085
The number of patents x6 0.268

The number of universities x7 0.038
The number of the scientific publishing works x8 0.116

Research
institute

innovation

R&D internal expenditure y1 10,000 yuan 0.121
Proportion of enterprises funds in R&D internal expenditure y2 % 0.083

Researchers input y3 Persons*years 0.119
R&D project funding y4 10,000 yuan 0.132

The number of published scientific papers y5 0.136
The number of patents y6 0.158

The number of research institutes y7 0.139
The number of scientific publishing works y8 0.112

Industry
innovation

R&D internal expenditure z1 10,000 yuan 0.105
Proportion of government funds in R&D internal expenditure z2 % 0.030

Proportion of new products’ R&D expenditure in main business income z3 % 0.000
The number of enterprises’ R&D institutes z4 0.181

Expenditures on acquiring external technology z5 10,000 yuan 0.115
The number of R&D employees z6 0.104

R&D project funding z7 10,000 yuan 0.113
The number of high-tech enterprises z8 0.121

The number of patents z9 0.177
Proportion of new products’ sales revenue in main business income z10 % 0.018

Proportion of high-tech enterprises’ income in main business income z11 % 0.038

The data required for this paper is mainly from the China Statistical Yearbook on Science and
Technology [36]. Because the dimensions and magnitudes of the selected indicators in Table 1
are different, they should be normalized to make them comparable and facilitate further analysis.
Usually, indicators can be divided into two categories: benefit indicator that is the-bigger-the-better;
and cost indicator that is the-bigger-the-worse. In this paper, the indicators in Table 1 are all
benefit indicators. Taking the indicators in the university innovation subsystem as an example,
the normalization of different types of indicators is as follows:

qij =
xij − min

i
(xij)

max
i

(xij)− min
i
(xij)

(1)

where xij is the indicator in the university innovation subsystem. qij represents the normalized form
of the indicator xij. Similarly, the indicators in the other two innovation subsystems can also be
normalized based on the above equations.
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3.2. Methods

Regional URI innovation system is a complicated and dynamic system [37]. The three subsystems
participate in the innovative activities based on their own strength of innovation resources. Capitals,
researchers, and knowledge effectively exchange among the subsystems; as a result, coordinated
relationship can be formed and the system can evolve from disorder to order. Thus, it is critical to
understand the interactive coupling relationship among URI innovations. As can be seen in Figure 1,
industry is a centralization process of technology and commercialization. Based on the strengths in
R&D funds, equipment and facilities, market information acquisition, technology industrialization,
etc., it can obtain new production technology and attract experts from universities and research
institutes [38]. As a result, production efficiency can be improved, and competitive advantage
can be maintained. Universities and research institutes can produce knowledge and technology
for regions. On the basis of technology innovation and talent cultivation, they can make the
knowledge and technology industrialization by exporting expertise and technical support to industries.
Besides this, the difference between universities and research institutes is mainly in the type of research.
Universities focus on the fundamental research, while research institutes mainly direct towards applied
research. They can cooperate mutually through constructing laboratories and co-operated projects.
Therefore, research resources can be totally integrated, communication among talents can be realized,
and equipment can be shared mutually.
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Figure 1. The coupling coordination relationship among the URI innovation subsystems.

Based on the above analysis, the system composed of university innovation subsystem,
research institute innovation subsystem, and industry innovation subsystem could be defined as
a coupling system, where coordinating the coupling relationship is vital to realize a sustainable
innovation-oriented society. The coupling relationship of URI innovation system is measured by the
coupling coordination degree, which is obtained by a coupling model. The model contains two parts:
one is to determine the indicators’ weight and the other one is to obtain the coupling coordination
degree. The calculation steps are specified as follows.
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3.2.1. Weight Determination

Entropy method is an objective weighting method, which is free from decision makers’ subjective
information and has been frequently used in many fields [39]. After collecting the original data of the
three innovation subsystems, a data matrix Q is obtained as follows:

Q =


q11 q12 · · · q1n
q21 q22 · · · q2n

...
...

...
...

qm1 qm2 · · · qmn

 (2)

where qij represents the value of ith year against the jth indicator (i = 1, 2, . . . , m; j = 1, 2, . . . , n). m
and n are the numbers of years and indicators, respectively.

Step 1: Normalize the original data matrix

To make the indicators with different scales comparable, the original data matrix is normalized
as follows:

pij =
qij

m
∑

i=1
qij

(3)

where pij, belonging to (0, 1), is the normalized form of qij.

Step 2: Calculate the entropy of each indicator

ej = −k
m

∑
i=1

(pij × ln(pij)) (4)

where k is an adjustment factor, and k = 1/lnm. ej is the information entropy of the jth indicator.

Step 3: Obtain each indicator’s weight

Then, we can compute the weight of each indicator by

wj =
1 − ej

n
∑

j=1
(1 − ej)

(5)

where wj is the weight of jth indicator.

3.2.2. Coupling Coordination Degree Model

Coordinated development is a virtuous cycle to achieve the URI innovation system’s overall
evolution, where different subsystems cooperate and promote mutually. Usually, the cycling condition
is measured by coupling coordination degree, which can be obtained according to the following steps.

Step 1: Calculate comprehensive evaluation indexes of the three subsystems

Based on Equations (3) and (5), the comprehensive evaluation indexes are calculated by

CEId
i =

n

∑
j=1

pij × wj (6)

where CEId
i represents the comprehensive evaluation index of ith year in the dth subsystem (d = U, R and I).
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Step 2: Compute the coupling degree of the three subsystems

The coupling degree can be obtained by

Ci = 3 ×
{

CEIU
i × CEIR

i × CEI I
i

[CEIU
i + CEIR

i + CEI I
i ]

3

}1/3

(7)

where Ci is the ith year’s coupling degree of URI innovation system.

Step 3: Obtain the comprehensive evaluation index

Then, the comprehensive evaluation index of innovation system of URI can be obtained by

Ti = a ∗ CEIU
i + b ∗ CEIR

i + c ∗ CEI I
i (8)

where Ti is the ith year’s comprehensive evaluation index of URI. a, b and c are coefficient, belonging
to [0, 1], which represent the contribution of the university, research institute, and industry to the
comprehensive system, respectively. In this study, the three innovation subsystems are considered as
equally important, so the values of a, b, and c are equivalent, i.e., a = b = c = 1/3.

Step 4: Calculate the degree of coupling coordination among the three subsystems

Based on the above results, the coupling coordination degree model can be established as follows:

Di =
√

Ci × Ti (9)

where Di is the coupling coordination degree of the URI innovation system.
Then, according to the researches of Li et al. [33] and Liao [40], the development levels of coupling

coordination of the URI innovation system are divided into several categories, based on the coupling
coordination degree. As can be seen in Table 2, there are three primary classifications, six secondary
classifications, and 24 types of tertiary classifications. The tertiary levels are obtained by comparison
between the comprehensive evaluation indexes of universities, research institutes, and industries.



Sustainability 2018, 10, 1954 8 of 18

Table 2. The classification standard of coupling coordination of URI innovation system.

Primary Classifications Secondary Classifications Tertiary Classifications

Balanced development (BD) (Acceptable interval)
0.8 < D ≤ 1 Superiorly BD m = min (CEIU, CEIR, CEII) Superiorly BD with m lagged

CEIU = CEIR = CEII Superiorly BD with synchronous development of the tripartite

0.6 < D ≤ 0.8 Favorably BD m = min (CEIU, CEIR, CEII) Favorably BD with m lagged
CEIU = CEIR = CEII Favorably BD with synchronous development of the tripartite

Transitional development (Transitional interval)
0.5 < D ≤ 0.6 Barely BD m = min (CEIU, CEIR, CEII) Barely BD with m lagged

CEIU = CEIR = CEII Barely BD with synchronous development of the tripartite

0.4 < D ≤ 0.5 Slightly UBD m = min (CEIU, CEIR, CEII) Slightly BD with m lagged
CEIU = CEIR = CEII Slightly BD with synchronous development of the tripartite

Unbalanced development (UBD) (Unacceptable interval)
0.2 < D ≤ 0.4 Moderately UBD m = min (CEIU, CEIR, CEII) Moderately UBD with m lagged

CEIU = CEIR = CEII Moderately UBD with synchronous development of the tripartite

0 < D ≤ 0.2 Seriously UBD m = min (CEIU, CEIR, CEII) Seriously UBD with m lagged
CEIU = CEIR = CEII Seriously UBD with synchronous development of the tripartite
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4. Empirical Results

4.1. Analysis of Overall Innovation Level of the URI Subsystems

In this section, using the Equations (1)–(5), the indicators’ weights (see Table 1) and the
comprehensive evaluation indexes denoting innovation levels are obtained.

First, as shown in Table 1, the weights of four indicators in the university innovation subsystem,
i.e., the number of patents (x6), R&D project funding (x4), R&D internal expenditure (x1), and researchers
input (x3), are the greatest, which are 0.268, 0.204, 0.199, and 0.086, respectively. From a point of overall view,
these indicators’ weights occupy 75.7% of the total, especially the indicators, x6 and x4, occupying 47.2%.
Thus, they have significant influence on the regional university innovation system. As a whole, the number
of patents and R&D inputs (i.e., funding and researchers) are the most important factors that have an impact
on the universities’ innovative activities in a region. The comprehensive development level of university
innovation subsystem in different regions is depicted in Figure 2. As can be seen in Figure 2a, obviously,
there is an increasing trend from 2009–2015 in all regions in China. The comprehensive level in eastern China
is the highest, followed by western China, central China, and northeast China, successively. This is because
that the eastern China occupies many research resources of universities. Figure 2b presents the ratios of the
four important indicators’ values in different regions. Eastern China occupies the most in all indicators from
2009 to 2015. For example, in 2015, nearly 59% of R&D internal expenditure, 49% of researchers input, 56% of
R&D project funding, and 63% of the number of patents are owned by eastern China. Thus, eastern China’s
university innovation level is higher than those in other regions.
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Second, in the innovation subsystem of research institute, we can see from Table 1 that the number
of patents (y6) has the most important impact, of which the weight is 0.158. It is followed by the number
of research institutes (y7), the number of published scientific papers (y5), and R&D project funding (y4),
whose weights are 0.139, 0.136, and 0.132, respectively. These four indicators account for 56.5% in the total
influence. This means that regional research institutes should not only pay attention to research results
(i.e., y5 and y6), but also consider the research investment (i.e., y4 and y7). Figure 3 shows the evolutions of
research institutes’ innovation level in different regions from 2009–2015. From Figure 3a, apparently, there is
a rising trend in regions except northeast China. From the view of different regions, we can see that the
research institute’s innovation level in eastern China is also the highest, just like the university innovation
subsystem. The reason for this is that eastern China has the most resources of research institutes. As can
be seen in Figure 3b, more than half of the values of indicators (i.e., y4, y5, and y6) are in eastern China.
Although the percentage of indicator y7 is not exceed 50% in eastern China, it is still the greatest in all
regions. Thus, research institutes’ innovation level of eastern China is also the highest.
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Figure 3. Evolutions of innovation levels of research institutes in different regions in China.

Third, in the industry innovation subsystem, it can be clearly seen in Table 1 that the number
of enterprises’ R&D institutes (z4), the number of patents (z9), the number of high-tech enterprises
(z8), and the expenditures on acquiring external technology (z5) are the indicators whose weights
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rank top four. They are 0.181, 0.177, 0.121, and 0.115, respectively. Their total influence accounts
for 59.4%. This indicates that the input (i.e., z4 and z5) and research output (i.e., z9) have the most
important impact on the regional innovation level of industries. Besides this, high-tech enterprises
can also facilitate the comprehensive innovation level of industries in a region. Except declining in
2011 due to the changes of statistical standards, industries’ comprehensive innovation levels have
a trend of increasing in eastern China, central China, and western China (see Figure 4a). However,
the innovation changes in northeast China had two stages: it decreased from 0.11 to 0.06 in 2009–2012,
and increased from 0.06 to 0.10 in 2012–2015. Overall, the innovation changes in northeast China
declined in the period of research. As can be seen in Figure 4b, the percentages of the four important
indicators’ values reduce from 2009 to 2015 in northeast China. For example, the percentages of z4, z5,
z8, and z9 in the northeast reduced from 4%, 10%, 6%, and 5% in 2009 into 2%, 8%, 4%, and 3% in 2015,
respectively. One of the main reasons is that the industries in northeast China rely much on resources
and are investment-driven, leading to its relatively low innovation ability.
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4.2. Analysis of the Coupling Coordination Degree

With Equations (6)–(9), the coupling coordination degrees of different regions and provinces are
calculated, which are plotted in Figure 5 and Table 3.
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in China.

Figure 5 describes the evolution path of coupling coordination degrees of the URI innovation
system in China and its four regions during the study period. It can clearly be seen that the coupling
coordination degree in China increases from 0.46 in 2009 to 0.83 in 2015, developing from slightly
unbalanced development (SBD) to superiorly BD (balanced development). In the terms of the
four regions, the coupling coordination degree is the greatest in eastern China and has moved into the
superiorly BD since 2012. The coupling coordination degrees of western China and central China are
between 0.3 (in 2009) and 0.5 (in 2015). Their innovation systems have developed from the stage of
moderately UBD (unbalanced development) into slightly UBD, while, compared with that in eastern
China, the gap becomes larger. The coupling coordination degree is the lowest and it decreases in
northeast China. Apparently, the changing routes are similar with those of comprehensive evaluation
indexes, which can explain the divergences between the coupling coordination degrees of regions.

Table 3. Coupling coordination degrees of the URI innovation system in different provinces in China
from 2009–2015.

Provinces 2009 2010 2011 2012 2013 2014 2015
Eastern China

Beijing (BJ) 0.585 0.596 0.622 0.650 0.688 0.707 0.726
Jiangsu (JS) 0.513 0.513 0.553 0.592 0.628 0.657 0.670

Shanghai (SH) 0.462 0.478 0.502 0.527 0.546 0.562 0.620
Guangdong (GD) 0.464 0.480 0.494 0.507 0.532 0.549 0.601

Shandong (SD) 0.416 0.423 0.443 0.456 0.477 0.497 0.509
Zhejiang (ZJ) 0.387 0.397 0.432 0.432 0.454 0.461 0.499
Tianjin (TJ) 0.293 0.303 0.308 0.320 0.341 0.353 0.367
Hebei (HB) 0.264 0.285 0.293 0.300 0.311 0.341 0.327
Fujian (FJ) 0.249 0.254 0.265 0.270 0.278 0.288 0.307

Hainan (HAN) 0.120 0.120 0.117 0.119 0.133 0.137 0.132
Central China

Hubei (HUB) 0.358 0.377 0.376 0.399 0.415 0.430 0.446
Anhui (AH) 0.284 0.290 0.307 0.332 0.354 0.368 0.386

Hunan (HUN) 0.309 0.312 0.337 0.370 0.374 0.377 0.375
Henan (HN) 0.298 0.308 0.325 0.326 0.346 0.358 0.374
Shanxi (SX) 0.246 0.249 0.250 0.260 0.267 0.260 0.261
Jiangxi (JX) 0.231 0.246 0.239 0.242 0.254 0.261 0.278
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Table 3. Cont.

Provinces 2009 2010 2011 2012 2013 2014 2015
Western China

Sichuan (SC) 0.353 0.366 0.383 0.405 0.408 0.427 0.445
Shaanxi (SNX) 0.325 0.328 0.350 0.354 0.381 0.396 0.408
Guangxi (GX) 0.232 0.244 0.247 0.241 0.248 0.252 0.260

Chongqing (CQ) 0.216 0.228 0.303 0.272 0.284 0.292 0.292
Yunnan (YN) 0.227 0.221 0.223 0.232 0.237 0.250 0.272
Gansu (GS) 0.211 0.230 0.220 0.224 0.224 0.228 0.227

Guizhou (GZ) 0.179 0.213 0.198 0.188 0.214 0.227 0.213
Inner Mongolia (NMG) 0.173 0.186 0.213 0.189 0.233 0.219 0.216

Xinjiang (XJ) 0.155 0.157 0.159 0.166 0.179 0.179 0.182
Xizang (XZ) 0.063 0.086 0.059 0.053 0.053 0.069 0.061

Qinghai (QH) 0.106 0.116 0.094 0.102 0.115 0.114 0.088
Ningxia (NX) 0.091 0.089 0.093 0.122 0.101 0.111 0.126

Northeast China
Liaoning (LN) 0.381 0.366 0.386 0.386 0.406 0.410 0.391

Jilin (JL) 0.283 0.270 0.274 0.278 0.277 0.289 0.318
Heilongjiang (HLJ) 0.304 0.305 0.305 0.316 0.323 0.327 0.333

Note:
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In addition, we also compute the coupling coordination degrees of the 31 provinces in China
from 2009–2015 (see Table 3). According to the classification standard of coupling coordination in
Table 2, each province’s coordinated development stage of URI innovation system can be divided and
marked by different colors. It can be clearly seen that most of the provinces’ coordination degrees rise,
and the number of favorably BD also increase. By 2015, there are five provinces of which the coupling
coordination being in balanced development, compared with two provinces in 2009. The coupling
coordination degree in Beijing is the highest, which has stepped into the stage of favorably balanced
development since 2011. Following it are Jiangsu, Shanghai, and Guangdong, which are also in
the stage of favorably balanced development in 2015. Then, the coupling coordination in Shandong
develops into barely balanced development stage during the research period. These provinces so far are
in eastern China. However, the other provinces’ coupling coordination are in unbalanced development
with different extents during the study period. For example, although the coupling coordination in
Zhejiang increases from 0.387 to 0.499, it still in the phase of unbalanced development (developing
from moderately UBD into slightly UBD). This can also be seen in Hubei, Sichuan, Shaanxi, etc.

Further, Figure 6 depicts the URI comprehensive innovation levels and coupling coordination
degrees of each province in 2015. Through comparing the values of each subsystems’ comprehensive
innovation levels, we can understand which subsystem is lagged in each province, and should be paid
more attention to improve the coupling coordination.

(1) The coupling coordination degree of URI system in Beijing is the greatest, which is in the phase of
favorably BD. The values of the universities’, research institutes’, and industries’ comprehensive
innovation evaluations are 0.95, 0.92, and 0.17, respectively. Thus, the innovation system in Beijing
is classified into universities–research institutions leading type, with industry lagging. This is
because that more than half of the researchers and research fund are invested in universities and
research institutes. Many famous universities (e.g., Peking University and Tsinghua University)
and research institutes (e.g., Chinese Academy of Sciences and Chinese Academy of Social
Sciences) are concentrated in Beijing. Through Zhongguancun Science and Technology Park,
the innovation resources and results of universities and research institutes can be converted into
the practice. However, the comprehensive innovation level of industry is relatively lagged to the
other two subsystems. Therefore, in the future, Beijing could focus more on industries’ innovation.

(2) Except Beijing, the four provinces with balanced development (i.e., Jiangsu, Shanghai,
Guangdong, and Shandong) are located in coastal area. Comparing the three comprehensive
levels of these four provinces, we find that the coupling coordination in Jiangsu, Guangdong,



Sustainability 2018, 10, 1954 14 of 18

and Shandong is industries leading type. The corporate innovation development drives
the innovation of universities and research institutes in these provinces. In Shanghai,
the comprehensive innovation values of the universities, research institutes, and industries are
0.49, 0.25, and 0.25, respectively. Therefore, Shanghai is universities leading type. Its innovation
system is hindered by research institutes and industries.

(3) There are four provinces, i.e., Zhejiang, Hubei, Sichuan, and Shaanxi, whose coupling
coordination of URI innovation systems is in stage of slightly unbalanced development. They are
mainly in the eastern, central, and western regions. Among them, Hubei, Sichuan, and Shaanxi are
universities leading type; Zhejiang is industries leading type. Besides, the coupling coordination
in Zhejiang and Hubei is hindered by the innovation of research institutes subsystem, while the
coupling coordination in Sichuan and Shaanxi is impeded by industry innovation subsystem.
Through promoting the innovation level of the lagged subsystem, these provinces can relative be
easy to step into balanced development.

(4) The coupling coordination of URI innovation system in other 22 provinces is in unbalanced
development. Most of them are in the central and western China and northeast China.
For example, due to the special background of historical development, northeast China has
abundant educational resources, thus, Liaoning, Jilin, and Heilongjiang are universities leading
type. While their economic developments rely much on resources and investment, industries’
innovation is relatively low and the universities’ research results cannot be effectively transformed
into industries’ products. As a result, the innovation capacity of these provinces is relatively not
strong. Fujian and Chongqing are universities–industries leading type. They can improve
the innovation level mutually, but their innovation levels of research institutes are lagged,
which restricts the enterprises to obtain cutting-edge knowledges and technologies. Meanwhile,
this also affects research institutes to gain resources from industries to improve the developments
of themselves.
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Figure 6. URI comprehensive innovation levels and coupling coordination degrees of different
provinces in 2015.

5. Conclusions and Discussion

In the context of building an innovative country in China, effective URI innovation collaboration
is critical to improve the national innovation level. However, URI collaboration has some problems
in China, such as the unbalanced research funding structure and development level of regional URI
collaboration. Before taking actions to increase the sustainability of URI collaboration, the relationship
among URI innovations in different regions must be understood. Using the coupling coordination
degree model developed in this study makes possible to investigate the dynamic relationship among
URI innovations in different regions in China. A valuable evidence base is offered in this empirical work
to enhance the innovation levels of URI system, and then, to obtain more sustainable development.
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As the analysis results show that the number of patents and R&D project funding are the major
indicators both contributing to the regional innovation level of universities and research institutes at
the subsystem level. For industries, except the number of patents, the number of enterprises’ R&D
institutes is also an important indicator for the regional innovation level. In other words, they are the
most important determinants of universities and research institutes in the coupling relationship among
URI innovation system in China in the period of 2009–2015. This indicates that measuring regional
innovation levels of URI should not only focus on output indicators (i.e., the number of patents).
It is advisable to also pay attention to input indicators (i.e., R&D project funding and the number of
enterprises’ R&D institutes). In this respect, government policy makers should support more research
funding for URI to further improve their innovation levels.

Besides this, we focus on the evolutions of the coupling coordination degree among URI
innovation systems in different regions in China. We find that, except northeast China, the coupling
coordination level of the URI innovation system has a trend of increasing in China and other
regions in the period of study. One of the main reasons is that it is pushed by the national strategy
of innovation-driven development. Simultaneously, intermediary organizations, such as national
university science park, collaborative innovation center, and strategic alliance of industrial technology
innovation, also facilitate the overall increase of URI innovation system. These organizations accelerate
the innovative resources (e.g., funds, personals, facilities) to flow among the subsystems, and promote
the resource integration, technology cooperation, and achievements conversion. Although the coupling
coordination degree continues to rise on the whole, the gap between regions/provinces also increases
in the period of study. Eastern China has traced a shift from the favorably BD to superiorly BD;
western China and central China shift from the stage of moderately UBD into slightly UBD; northeast
China keeps in the stage of moderately UBD. Due to excellent innovation environment and the
rich resources of universities and research institutes (e.g., the number of research institutes, R&D
projects, patents, R&D project funding, researchers, etc.), eastern China has formed the coordinated
URI innovation system with universities–research institutes leading type or industries leading type.
Although the innovation level of universities of some provinces in other regions is outstanding, such as
Sichuan, Heilongjiang, etc., there is a lack of cooperation and exchange between the universities and
industries, leading to relatively low coupling coordination of URI innovation system.

The above discovery contributes to the literature and suggests meaningful policy implications.
First, the previous researches mainly focus on one-way effect, namely, studying the influence of
universities/research institutes on industries, or the influence from the perspective of opposite
direction. Furthermore, they mainly use or collect data in micro level. In this paper, utilizing regional
data in China, a coupling coordination degree model is developed to describe the relationship of
URI innovations through various interactions. As the analysis results in this study, the dynamic
coupling relationship among URI innovation subsystems has been intensified under the background
of constructing innovation society in China. Second, on the whole nation, when maintaining the
coupling coordination of innovation in eastern China, the central government should provide more
favorable policy support for improving innovation level of central and western China and northeast
China. From the terms of different provinces, innovation development policies should be made
according to the coupling coordination degrees, innovative resource endowments, and socio-economic
development conditions. For the provinces with industries leading type (i.e., Jiangsu, Guangdong,
Zhejiang, and Shandong), to better improve the innovation level of universities and research
institutes, governments can provide more research funding for them, simultaneously, the governments
can create communication conditions to strengthen the link among URI. For the provinces with
universities/research institutes leading type (e.g., Beijing, Heilongjiang, Sichuan, Hubei, etc.),
the provinces in different regions have different strategy: for those in eastern China, the construction of
cooperative research platforms should be further strengthened to maintain the balanced development
of URI innovation system; for those in the other regions, the communication channels should be built
to motivate the innovation demand of enterprises and make the achievements of universities and
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research institutes industrialize. Besides this, for the provinces with unbalanced development of URI
innovation system, the innovation capacities of the three URI subsystems should all be improved
through a series of policies to guide the input of innovative elements (e.g., research fund, researchers,
etc.) into these provinces.

Although the developed model in this study can investigate the dynamic coupling relationship
among innovation subsystems. There are still existing limitations which shall be studied in the future.
First, due to the limit of data sourcing, most of the indicators can only measure individual innovation
subsystem. The study lacks indicators which can measure the links among the three subsystems
in a direct way. In the further research, this type of indicators would be searched through survey.
Second, the role of government is also important in the regional innovation system, while the study
not considers it. Thus, in the future, we would study if the role of government can be integrated in the
model to better understand the interactive relationship among different subsystems.
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