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Abstract: The aim of this study was to investigate the spatio-temporal characteristics of the industry–
university research (IUR) collaboration efficiency of Chinese mainland colleges and universities,
from 2008 to 2018. A comparative analysis method was used to analyze the data from the Statistical
Yearbook of China’s Education Funds, the Compilation of Science and Technology Statistics of
Colleges and Universities, and the China Statistical Yearbook. The principal components were
extracted from relevant indicators of IUR capability in colleges and universities, with a principal
component analysis (PCA) method. The principal component scores and comprehensive scores
of 31 provinces in mainland China were calculated. The results showed that the efficiency of IUR
collaboration in Chinese colleges and universities has increased rapidly within the 11 years studied.
The efficiency in the eastern region has grown faster than that in the western region, and the gap
between the southern region and the northern region has also continued to widen. The results also
showed that the development of IUR collaboration efficiency of colleges and universities in mainland
China is unbalanced. Scientific and technological funds, and scientific and technological manpower,
were excessively concentrated in the southeast. Therefore, there is large room for improvement in the
overall development of IUR collaboration in Chinese colleges and universities.

Keywords: IUR collaboration; potential; spatio-temporal distribution; principal component analysis

1. Introduction

With the rapid increase in the quantity and the quality of Chinese colleges and univer-
sities, the function of these higher education institutions has gradually developed from
talent training to scientific research and social services. The competitiveness of colleges
and universities therefore depends heavily on their IUR collaboration efficiency [1]. These
higher education institutions have leading roles in the national innovation system, and
are responsible for innovation and knowledge distribution [2]. Companies rely heavily on
graduates and research sourced from colleges and universities. They take advantages of
university knowledge bases and technologies to develop products and improve production
processes, enhancing their competitiveness and profitability [3].

With the in-depth development of IUR collaboration, literature of this field is growing.
The current research is mainly focused on four aspects of IUR collaboration.

First, various studies have focused on the necessity and motivation of IUR collab-
oration. In recent years, the technology of Chinese companies has been continuously
improving; however, core technological areas that are key to the national economy, such
as electronics, automobile and civil aviation, still have much room for improvement. In
order to meet these social needs, the upgrading of Chinese higher education systems is
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particularly important. With this backdrop, IUR collaboration has achieved great break-
throughs. To some degree, these breakthroughs have demonstrated that the reform of
Chinese educational systems is advancing social development [4,5]. As a main source of
knowledge and technology, universities play an irreplaceable role in social development
and economic progress [6]. On one hand, companies can leverage research results from
universities to develop products and improve production processes [7]. On the other hand,
when companies meet real-life problems related to technology and the production process,
colleges and universities may help find solutions. This also offers opportunities to put
theories into practice, and expand the existing knowledge base [8].

Secondly, studies have also focused on the current situations, problems and measures
related to IUR collaboration. An analysis of the current IUR collaboration practices has
shown that although the government has advocated and formulated a series of policies to
encourage IUR collaboration, most companies still prefer a lower level of cooperation, and
hold a negative view towards more intensive cooperation with universities. Researchers
have systematically analyzed the composition of the technical capability in Chinese com-
panies [9,10]. Two components of technical capability were proposed: basic technology
capability and technological self-renewal capability. Game theory was also used to investi-
gate the strategic equilibrium solution, for both a ‘loose cooperation model’ and a ‘tight
cooperation model’ between companies, universities and other research institutions. By
comparing the net incomes of IUR collaboration under these two models, the impact of
enterprise technological capability on the optimal choice of the IUR collaboration model
was revealed. Finally, the nature of the impact was tested based on the survey data. Li [11]
proposed to improve relevant social systems such as legal system, policy and financial sup-
port. She also suggested to encourage the actions of colleges and universities to strengthen
the leading roles of the market, and improve the level of IUR collaboration by drawing on
IUR collaboration experience from developed countries [11].

Thirdly, there have been a number of studies focused on the mechanisms of IUR
collaboration. Some researchers have investigated four enterprise innovation modes
under oligopoly market structure, including patent cooperation, cooperative research
and development (RD), independent RD, and patent pool-based RD. Researchers have
pointed out that technology spillover and industrial characteristics are the main drivers
that influence the choice of enterprise IUR collaboration mode [12–14]. Li [15] and He [16]
both discussed the driving factors and mechanisms of collaborative innovation. Su [17]
and Kang [18] studied the regional collaborative innovation system. Schartinger et al. [19]
suggested there are two indicators in the evaluation system of IUR collaborative innovation
for scientific and technological enterprises, which are the level of process innovation and
the level of product innovation.

The fourth aspect is education under the background of IUR collaboration. American
cooperative education in 1946 was the starting point of “collaborative education” in IUR
collaboration. The University of Cincinnati emphasized the relationship between theory
and practice and sought ways to enrich their teaching contents and methods. The university
implemented this idea through the cooperation with other practical institutions [20–24].
The most representative model of university–enterprise collaborative education in the
world is the “dual system” in Germany. Practical learning in businesses takes up 60% of
students’ time. This learning system was based on university–business cooperation and
focused on skill training, applying the theory learned in university in real-world practice.
Through this form of education, described as “work–study alternation”, the university and
the business benefit from each other [25]. The engineering research center, and technical
and further education (TAFE) in Australia are, in essence, the IUR collaborative education
system guided by the government [26]. Jiang et al. [27,28] suggested that there was a
“prisoner’s dilemma”, related to the cooperative training of innovative talents among
industry, university and research institutes. The best solution was to build a system
among university/research institutions and businesses, which should be supported by
government policies and effective safeguarding measures. Zhou et al. [29], Cui et al. [30]
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and Huo et al. [31] have all suggested that the IUR collaborative education system in China
could be classified based on leading forces: universities, enterprises, research institutions
and the government. The IUR collaboration practices in the Chemical Engineering School of
Zhejiang Ocean University, Chen [32] have proposed that the collaboration needs financial,
legal and policy support.

In summary, the studies mentioned above are mainly focused on university–business
collaborative education, the IUR collaboration model, IUR collaboration evaluation meth-
ods and IUR collaboration case studies [33]. However, these studies relied heavily on
qualitative methods, rather than quantitative methods. Moreover, these studies mainly
took individual universities or businesses as research subjects, and therefore there was
a lack of studies at regional and national levels [34]. Moreover, there were a few studies
investigating the indicators of IUR collaboration efficiency in colleges and universities [8].
There are many indicators on the development and the quality of colleges and universities,
but there is no consensus on which indicators can represent IUR collaboration efficiency.
Research is also lacking on the changes in the spatio-temporal distribution of the IUR
collaboration efficiency of Chinese universities. Moreover, the impact of the change on
the development of Chinese businesses and society is not well understood [35]. It is there-
fore important to investigate the development of regional IUR collaboration efficiency
in universities, and find out the impact of the development on Chinese businesses and
regional economies.

The aim of this study was to investigate the development trend of mainland uni-
versities, and consider the spatio-temporal changes in the IUR collaboration efficiency
from 2008–2018. It also aimed to explore the impact of IUR collaboration efficiency on
the development of technology industries. Taken together, this study is dedicated to pro-
viding quantitative evidence for the benefit of IUR collaboration, for both universities
and businesses.

According to the aim of the study, the first hypothesis of this study was that IUR
collaboration efficiency had been increasing across different regions of the country during
2008–2018. The second hypothesis was that there was a significant difference in IUR
collaboration efficiency among different regions of China.

2. Materials and Methods

The data analysis in this study contains two parts. Firstly, the spatio-temporal changes
in the indicators of IUR collaboration efficiency on universities in mainland China, from
2008 to 2018, were analyzed. Secondly, a principal component analysis (PCA) was used
to extract the principal components from all the relevant indicators for IUR collaboration
efficiency in mainland universities in each province, in 2018. The principal component
score and comprehensive score of each province was calculated and ranked. The ranking
of regional gross domestic product (GDP) of each province in 2018 was introduced as a
reference for the IUR collaboration efficiency in each province.

2.1. Indicator Selection and Data Source

PCA was used when investigating the spatio-temporal change in the indicators of
IUR collaboration efficiency. PCA requires the indicators to be independent from each
other. In view of that, six main indicators were selected for comparison: the number
of universities; the number of teaching and scientific research personnel; the number
of achievement applications; the number of patent authorizations; income from patent
transfer, and technological and funding allocation in mainland universities from 2008
to 2018.

There are many other factors that influence IUR collaboration efficiency, including
fiscal and tax policies, regional economic development, industrial development conditions,
the external financing environment, as well as the nature, quality and discipline construc-
tion of the universities. Thus, a more in-depth analysis of the IUR collaboration efficiency
in universities in all provinces should be based on further research. This study selected
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14 indicators to construct the evaluation system of IUR collaboration efficiency (as shown
in Table 1), which were based on the relevant research results, expert consultation, and an
in-depth evaluation of the accessibility and reliability of the data.

Table 1. IUR collaboration efficiency indicators.

Primary Indicators Secondary Indicators Units

University composition

Number of universities (X1)
Number of students (X2)

Number of teaching and research personnel (X3)
RD full time staff (X4) Person-year

Research investment
Allocation of science and technology funds (X6) Thousand yuan

Allocation of RD funds (X7) Thousand yuan
RD expenditure (X8) Thousand yuan

Technology transfer support

RD achievement application and full time technology service personnel (X5) Person-year
Allocation of RD outcome application funds (X9) Thousand yuan

RD outcome application expenditure (X10) Thousand yuan
Allocation of science and technology service funds(X11) Thousand yuan
Expenditure on science and technology services (X12) Thousand yuan

Science and technology output Number of patents authorized (X13)
Real income from patent sales (X14) Thousand yuan

As seen in Table 1, the 14 indicators were classified into 4 sections (denoted as primary
indicators), which were university composition, research investment, technology transfer
support, and scientific and technological output. It should be noted that any individual
secondary indicators should not be viewed on a standalone basis. For example, the
science and technology output of universities need to be protected by law, and a patent
application process is therefore necessary. The number of patents owned by a university,
and the revenue from these patents, will also reflect the level of scientific output of the
institution. Therefore, this study used these two measurable indicators (the number of
patents authorized and the real income from patent sales) to refer to the level of science
and technological output of a university.

The main data of this paper comes from the Statistical Yearbook of China’s Education
Funds, the Compilation of Science and Technology Statistics of Colleges and Universities,
and China’s Statistical Yearbook. The GDP data of each region was collected from the
website of China National Bureau of Statistics. The main material was the Compilation of
Science and Technology Statistics of Colleges and Universities (Higher Education Press),
which is compiled by the Department of Science and Technology of the National Ministry
of Education, and comprehensively reflects the overall status of IUR collaboration in
universities. The Statistical Yearbook of China’s Education Funds (China Statistics Press)
is compiled by the Finance Department of the National Ministry of Education and the
Statistics Department of Social Science, Technology and Cultural Industry of the National
Bureau of Statistics, which systematically reflects the source and use of national education
funds. According to our research needs, we selected the data from 2008 to 2018 for analysis.

2.2. Research Methods

Principal component analysis (PCA) is a commonly used multivariate analysis method,
which uses mathematical methods to reduce a large number of variables into fewer and
mutually independent underlying factors that summarize the essential information con-
tained in the variables [36], increasing the interpretability of the study results [37]. This
paper adopted the PCA method to analyze and evaluate the IUR collaboration efficiency of
each province in Mainland China.
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3. Results
3.1. Spatio-Temporal Change
3.1.1. Temporal Change

The changes in the number of universities, teaching and scientific research personnel,
achievement applications, patent authorization, annual net income from patent sales and
research investment across the years, were investigated. Linear regression models were
computed for the relationships between time and each variable, which are depicted in
Figure 1; the slope represents how much the variable increases or decreases every year.
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Figure 1. The temporal change of the six indicators for IUR collaboration efficiency from 2008 to 2018.

As can be seen from the figure, the number of colleges and universities in China has
increased from 827 in 2008, to 1974 in 2018, with an average annual growth of 120. With the
increase in the number of colleges and universities, the number of teaching and scientific
research personnel in colleges and universities has also expanded rapidly, rising from
751,795 in 2008, to 1,147,044 individuals in 2018, with an average annual growth of 37,697.

RD achievement applications, and science and dedicated RD personnel, showed a
downward trend from 2008 to 2011, with an average annual decline rate of 2089. However,
this increased from 25,721 in 2012, to 34,734 individuals in 2018, with an average annual
increase of 1194. It is obvious that compared with 2008, the change in dedicated RD
personnel in 2018 is not large. This can be due to the fact that colleges and universities were
not motivated to encourage faculties to participate in economic activities directly. Another
possible reason is that colleges and universities emphasized the teaching and research
responsibility of faculty members, but placed little focus on their economic activities. This
would have a certain impact on the application and marketing of the research outcomes [8].
Therefore, when China’s Premier Keqiang Li presided over the executive meeting of the
State Council on 5 December 2018, he introduced a series of reform measures to promote
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innovation, including allowing researchers to hold equity in the form of “technology shares
plus cash shares”.

There are different means of technology transfers in colleges and universities, such
as patent transfers and patent implementation licenses. As shown in Figure 1, the num-
ber of patent authorizations of college teachers and students was increasing. In 2008,
17,418 patents were authorized, and in 2018, 184,934 patents were authorized, with an
average annual growth of 17,070.

As can be seen from the changes in the annual net income from patent sales in colleges
and universities in Figure 1, the income increased slowly from 279.13 million yuan in 2008
to 669.34 million yuan in 2015, and increased rapidly in the following years to 1895.9 million
yuan in 2018. The average annual growth of the net income of patent transfer in colleges
and universities from 2008 to 2018 was about 152.4 million yuan. It can be seen from this
that college teachers have paid more attention to the application and transfer of research
outcomes than the past, when focused more on patent applications. Meanwhile, this also
shows that the demand for research outcomes from colleges and universities has increased
across time [38]. Government funding for scientific research in colleges and universities
has also increased across the studied decade, from 65.5 billion yuan in 2008, to 205.3 billion
yuan in 2018, with an average annual growth of 12.4 billion yuan.

3.1.2. Spatial Change

Figure 2 demonstrates the growth rate of the six indicators related to IUR collaboration
efficiency in all mainland provinces, from 2008 to 2018.

The number of colleges and universities in Jiangsu, Shandong and Hebei increased the
most, with an average annual growth of 12, 10 and 9, respectively, followed by Zhejiang,
Fujian and Guangdong, whereas there was little change in Tianjin, Heilongjiang, Tibet,
Qinghai and Ningxia. The results reflect that eastern provinces had a higher average annual
growth than western provinces in terms of the number of colleges and universities.

The average annual growth in terms of the numbers of teaching and scientific research
personnel in colleges and universities were the highest in Jiangsu, Shandong and Guang-
dong (3375, 3154 and 2722, respectively), followed by Sichuan, Zhejiang and Beijing, and
the lowest in Heilongjiang, Tibet and Qinghai.

The average annual growth of full-time research and development (RD) achievement
applications and science and technology service personnel in Beijing, Jiangsu and Shandong
were the highest (175, 103 and 83, respectively). There was a downward trend in some
areas such as Shanghai, Guangdong and Chongqing.

The average annual growth of patent authorization in universities were the highest
in Jiangsu, Zhejiang and Shandong (2282, 1223 and 1164, respectively). The numbers in
Tibet, Qinghai, Ningxia, Hainan, Inner Mongolia and Xinjiang were relatively low. This
showed that there were significant differences in the number of patent licenses in different
mainland provinces, and the distribution was relatively uneven. The eastern provinces
were holding significantly more patents than those in the central and western regions. This
also showed that the scientific research achievements of eastern colleges and universities
have changed from mere focus on theories, to the combination of theoretical study and
application [39,40]. The average annual growth of the net income from patent transfer of
colleges and universities in Beijing, Shandong, Shanghai and Jiangsu were the highest,
which were 54.97 million yuan, 23.96 million yuan, 16.71 million yuan and 14.85 million
yuan, respectively, whereas Fujian, Tianjin, Hebei, Yunnan and Hainan were the lowest.

The average annual growth of government funding for scientific research in colleges
and universities were the highest in Beijing, Guangdong, Jiangsu and Shanghai (1.55 billion
yuan, 1.53 billion yuan, 1.33 billion yuan and 1.03 billion yuan, respectively). Only Tibet
showed negative growth.
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3.2. Principal Component Analysis
3.2.1. Standardization of Data and Tests for Sampling Adequacy

SPSS 19.0 software was used to standardize the original data, and then test the PCA
sampling adequacy with Kaiser–Meyer–Olkin (KMO) measures and Bartlett’s test of
sphericity (BTS). The result of the KMO measure of sampling adequacy was 0.882, in-
dicating that there were sufficient items for each factor. BTS was at 1005.515 (p < 0.001)
(Table 2). The results from both tests showed that the data was appropriate for the purpose
of principle component analysis.

Table 2. KMO and Bartlett’s Tests.

Kaiser–Meyer–Olkin measure of sampling adequacy (KMO) 0.822

Bartlett’s test of sphericity
Approx.Chi-square 1005.515
Df 91
Sig. 0.000
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3.2.2. Standardization of Data and Tests for Sampling Adequacy

It can be seen from Table 3 that the first two components accounted for 88.011% of
the total variance, indicating that the two extracted principal components represented
88.011% of the information from the total 14 indicators, and were qualified to evaluate the
IUR collaboration efficiency of colleges and universities in all provinces. Therefore, two
principal components were extracted, namely Y1 and Y2.

Table 3. Total Variance Explained.

Rank
Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 10.863 77.593 77.593 10.863 77.593 77.593
2 1.458 10.418 88.011 1.458 10.418 88.011
3 0.735 5.250 93.261
4 0.509 3.637 96.898
5 0.153 1.089 97.987
6 0.112 0.801 98.788
7 0.071 0.504 99.291
8 0.047 0.338 99.630
9 0.026 0.184 99.814
10 0.013 0.090 99.904
11 0.010 0.071 99.975
12 0.002 0.012 99.987
13 0.001 0.007 99.994
14 0.001 0.006 100.000

According to the coefficients of the two principal components, the formula for Y1 and
Y2 were obtained:

Y1 = 0.153X1 + 0.287X2 + 0.275X3 + 0.277X4 + 0.273X5 + 0.294X6 + 0.282X7 +
0.282X8 + 0.274X9 + 0.273X10 + 0.272X11 + 0.259X12 + 0.26X13 + 0.25X14

(1)

Y2 = 0.648X1 − 0.192X2 + 0.181X3 − 0.083X4 + 0.254X5 − 0.138X6 − 0.251X7 −
0.237X8 + 0.022X9 + 0.023X10 + 0.086X11 + 0.075X12 + 0.359X13 − 0.402X14

(2)

It can be seen from the above formula that in the principal component Y1, the absolute
values of the coefficients of science and technology fund allocation (X6), number of graduate
students (X2), RD fund allocation (X7), RD fund expenditure (X8), full-time research and
development personnel (X4), and teaching and scientific research personnel (X3), are
greater than those of the other variables, so the principal component Y1 is a comprehensive
summary of the above six indicators. Y1 represents the comprehensive embodiment of
science and technology funds and science and technology manpower in colleges and
universities, which shows that it is essential to investigate IUR collaboration efficiency
in colleges and universities through these indicators. The government should not only
increase the investment in science and technology and RD funds in colleges and universities,
but also build a talent platform and improve the training system of postgraduates [41].

In the formula for principal component Y2, the absolute values of the coefficients of
the number of universities (X1), the annual net income from patent sales (X14), the number
of patent authorizations (X3), and the full-time personnel of RD achievement application
and scientific and technological services (X5) are large. This indicates that the principal
component Y2 mainly reflects the RD and outcome application ability of colleges and
universities in all provinces. The development of IUR collaboration is inseparable from
the output of scientific and technological achievements and the technological services to
the society. Only by reasonably transforming the research outcomes from colleges and
universities into production, can we promote regional industrial development and enhance
innovation ability [42–44].
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3.2.3. Principal Component Score and Comprehensive Score

Table 4 demonstrates the principal component scores of Y1 and Y2, and the com-
prehensive scores Y (Y = 0.77593Y1 + 0.10418Y2). The Y1 values were high in Beijing,
Jiangsu, Shanghai, Guangdong and Hubei, indicating the efficiency in using government
investment, and the science and technology manpower of colleges and universities in the
above five provinces, were at the forefront of the country.

Table 4. Provincial IUR Collaboration Efficiency Score in 2018.

Province Y1 Y2 Y Rank 1 (Y) Rank 2 (GDP)

Guangdong 3.57 0.22 2.79 4 1
Jiangsu 8.61 2.84 6.98 2 2

Shandong 2.04 1.47 1.74 7 3
Zhejiang 1.51 0.92 1.27 8 4
Henan −0.07 1.86 0.14 13 5

Sichuan 1.25 0.76 1.05 9 6
Hubei 2.88 0.6 2.3 5 7
Hunan 0.8 0.98 0.73 11 8
Hebei −0.55 1.39 −0.28 14 9
Fujian −1.25 0.44 −0.92 17 10

Shanghai 4.77 −1.93 3.5 3 11
Beijing 9.53 −3.79 7 1 12
Anhui −0.68 0.67 −0.46 15 13

Liaoning 0.56 −0.96 0.34 12 14
Shaanxi 2.36 0.35 1.87 6 15
Jiangxi −1.56 0.69 −1.14 19 16

Chongqing −1.19 −0.09 −0.93 18 17
Guangxi −1.73 0.17 −1.32 21 18
Tianjin −0.97 −0.99 −0.86 16 19
Yunnan −2.26 −0.04 −1.76 23 20

Inner Mongolia −2.85 −0.35 −2.25 26 21
Shanxi −2.16 0.16 −1.66 22 22

Heilongjiang 1.05 −0.08 0.81 10 23
Jilin −1.49 −0.24 −1.19 20 24

Guizhou −2.77 −0.29 −2.18 24 25
Xinjiang −3.02 −0.59 −2.41 27 26
Gansu −2.77 −0.49 −2.2 25 27
Hainan −3.35 −0.84 −2.69 29 28
Ningxia −3.32 −0.88 −2.67 28 29
Qinghai −3.37 −0.91 −2.71 30 30

Tibet −3.59 −1.04 −2.89 31 31

Y2 values were high in Jiangsu, Henan, Shandong and Hebei, indicating that the
universities in the four provinces were high in RD and application ability, and that the
government investment has been utilized efficiently. Surprisingly, Beijing and Shanghai,
who used to have absolute advantages in economics and policy support, scored lower in Y2.
On one hand, Shanghai and Beijing are cities and have fewer colleges than other provinces,
such as Henan, Jiangsu and Shandong. On the other hand, there are great differences in
the quality of colleges and universities in those provinces. Beijing and Shanghai have most
high-quality universities, which employ a large number of RD personnel and graduate
students. Furthermore, RD output from universities in Shanghai and Beijing tend to have
broader outreach than local universities.

According to the comprehensive score, both Beijing and Jiangsu had scores higher than
five. It can be seen that the two provinces have absolute advantages in scientific research
and IUR collaboration. As the political and cultural center of China, Beijing has unique
geographical advantages in the process of development, while Jiangsu has superior overall
economic levels, complete establishment of industries and various high-quality universities.
Compared with Beijing, the development in Jiangsu is more balanced. Jinagsu not only
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ranked second in the comprehensive score, but also ranked second and first in Y1 and Y2
principal components, respectively. The western regions such as Xinjiang, Ningxia, Qinghai
and Tibet had low comprehensive scores of principal components. Hainan Province was the
only eastern province with lower scores. This shows that the efficiency of IUR collaboration
in the region is not only determined by regional economic conditions, but also related
to local leading industries. The leading industries of Hainan Province are tourism and
service industries. Therefore, its universities are low in IUR collaboration efficiency, and its
comprehensive score is the third lowest among all mainland provinces in the country.

The development of Chinese colleges and universities is inseparable from China’s
GDP growth. With the increase in GDP, the government and social capitals can invest
more flexibly in colleges and universities which, in turn, promote the growth of regional
economies and technologies. According to the comparison between the GDP ranking
and the IUR collaboration ranking of each province in 2018, it can be found that 65% of
the provinces had the regional IUR collaboration efficiency rankings equivalent to their
GDP rankings (the difference between the two ranks were less than 3). Among them,
Shandong, Zhejiang, Henan, Fujian and Inner Mongolia ranked significantly lower than
their GDP ranking in the country (see the red ranking numbers in Table 4). Except Inner
Mongolia, the economic conditions of the above regions are among the top in the country,
which have potential to make additional investment in colleges and universities. On the
contrary, 5 regions have significantly higher IUR collaboration rankings than their GDP
rankings (see the blue ranking numbers in Table 4). They were Beijing, Shanghai, Shaanxi,
Heilongjiang and Jilin, respectively. It can be inferred that, compared with other provinces,
the IUR collaboration in the five provinces has been fully supported by regional economic
development and government investment. However, it is also possible that the outcome of
IUR collaboration has not been fully transformed into applicable technologies or methods.
Therefore, these outcomes were not able to promote regional economic growth. Taking
Heilongjiang Province as an example, its IUR collaboration efficiency ranked 10th in the
country, but its regional GDP level ranked 23rd. On one hand, it is plausible that its regional
industrial structure could not meet the IUR collaboration requirements, which suggests the
need for adjustment and upgrading in the industrial structure. On the other hand, it may
be that the graduates or RD personnel from colleges and universities in Heilongjiang were
not willing to stay in the province, which hampered the regional economic development.

4. Discussion and Conclusions

Chinese colleges and universities have developed rapidly in the past 10 years. The
number of colleges and universities, teaching staff, investment in scientific research, student
training and scientific research have grown at a significantly higher speed, compared with
the same development periods in European and American history. This could be due to the
following factors: first, the increase in GDP and the demand for economic development.
Secondly, the growth rate of national investment in higher education is much higher than
the GDP growth rate, which brings sufficient financial support to the development of
universities. Thirdly, colleges and universities have made great contributions to the devel-
opment of their regional economies. The contribution rate of scientific progress to GDP in
some provinces has even reached 59.5%, which indicates the significant contribution of
scientific progress on China’s economic development [45]. In other words, the develop-
ment of colleges and universities promotes the development of their respective regional
economies. Comparing the U.S. with China, we can find that IUR collaboration in the U.S.
started 80 years earlier. Universities have participated in technological innovation led by
the government and have achieved great success. The U.S. government has offered great
support to its universities in the transformation process of their scientific research systems.
The advantages of American universities in scientific and technological innovation enable
them to obtain financial support from multiple parties, including the federal government
and state governments, who have established special funds for IUR collaboration [46].
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The indicators of IUR collaboration efficiency in mainland Chinese universities have
increased rapidly. The results of PCA showed that over the last decade universities have
increased by 1.45 million graduate students, 85,667 full-time RD personnel, 167,516 patent
authorizations and 161,676 million yuan of patent transfers. These increases were the result
of national and local investments. China’s RD investment surpassed Japan for the first
time in 2013, and the amount of scientific research investment ranked second in the world.
Most of this scientific research investment was put into colleges and universities, which
has promoted the development of colleges and universities. Compared with Sweden,
the growth of China’s GDP was more effective in promoting IUR collaboration efficiency.
Although Sweden has higher RD funds, in terms of their GDP level, the ability of its
IUR collaboration output to serve the society is not much better than China’s, and its
commercialization rate of research outcomes is low [47].

There were significant regional differences in the development speed of mainland
Chinese colleges and universities. Results have shown that the main regional difference
in the comprehensive strength of IUR collaboration efficiency in colleges and universities
used to be between the East and the West. More recently, it was between the North and
the West. There were great differences in IUR collaboration efficiency among the Southern
regions (Jiangsu, Zhejiang, Guangdong, Shanghai and Shandong), the Northern and the
Western regions. Sichuan, which is in the western region, had great advantages. Similarly,
regional differences exist in China’s high-tech industry. The high-tech industry is mainly
situated in the East Region, and the growth rate in this region is also the fastest. There is a
large gap between the overall level of high-tech industry in China and the level of that in
the Eastern region, which is in line with the empirical law of inverted “U”. The regional
differences in the Central and Western regions are small, and tend to decrease [48].

According to the principal component scores and comprehensive scores of IUR collab-
oration efficiency in various regions of mainland China, the efficiency is mainly related
to regional economic development. It was found that 65% of provinces had a similar
regional IUR collaboration efficiency ranking to their GDP ranking (i.e., the difference
between the two ranks was less than three). The top three provinces in terms of economic
development were Beijing, Shanghai and Jiangsu, which also ranked highly in IUR collabo-
ration efficiency. Beijing and Shanghai mainly rely on government investment and have
advantages in talent. In comparison, the development in Jinagsu was more balanced, and
this province is more efficient in the utilization of funds, offering better social services. The
IUR collaboration efficiency in West China is still low, due to its relatively weak economic
development. Meanwhile, there were also regions where the IUR collaboration ranking
was far behind the GDP ranking, for example, Heilongjiang Province. In terms of policy,
the country should continue to increase the investment in the development of colleges
and universities, promoting the application of research outcomes. The government should
also coordinate regional economy and IUR collaboration for their mutual benefits. Our
research showed that the efficiency of IUR collaboration in developed regions was better
than that in the central regions. Hubei and Jiangsu provinces were leaders in terms of IUR
collaboration efficiency in the central regions and developed regions, respectively.

The results of this study have implications for policymaking related to the develop-
ment of IUR collaboration in China and other countries. However, there are still some
limitations to the current studies. The indicators and regional differences of IUR collabo-
ration efficiency in Chinese mainland colleges and universities have been discussed, but
the data used in this study could only reveal the change in the recent 10 years. Therefore,
future research could include a wider range of years when investigating the changes in
IUR collaboration efficiency. Moreover, further investigations are needed to establish the re-
gional differences in the development of Chinese businesses, and the relationship between
their development and national IUR collaboration.
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