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Abstract — In this work, China's provincial regional innovation performance is evaluated using the index system in the Annual 
Report of Regional Innovation Capability of China (data for 2014). Three theoretical hypotheses are proposed based on a summary 
of existing research. The first one states that the innovation capability of an enterprise is closely related to the regional innovation 
performance. The second hypothesizes that knowledge creation capacity is directly proportional to regional sustainable 
development indices. The third suggests that knowledge acquisition capacity is positively correlated with an enterprise's capacity to 
improve the technological and international competitiveness of regional industries. Principal component analysis (PCA) is 
subsequently used to establish a model using the Stata software package (v12). The relationships between China's regional 
innovation performance and some relevant indices are revealed for five provinces and cities in China. Therefore, the hypotheses 
are essentially verified by our research conclusions and three policy suggestions for improving regional innovation performance 
are also presented. 
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I. INTRODUCTION 

 
In recent years, there has been an increase in the 

independent innovation capacity, strength, and 
competitiveness of science and technology in China's 
provinces. In such a context, the support and guiding effect 
of technology on regional economic and social development 
has improved significantly. This is especially the case for the 
developed provinces in eastern China, e.g. the Yangtze River 
delta region. However, compared with developed countries, 
the capacity and performance of regional innovation in 
China are still somewhat deficient. Revealing the key factors 
that promote regional innovation, and proposing 
countermeasures and suggestions to accelerate regional 
innovation, have a positive role in promoting the 
development of regional innovation. To facilitate 
achievement of this aim, one first needs to scientifically and 
objectively evaluate the regional innovation capacities of 
China's provinces. Then, any disparities in regional 
innovation capacities of the relevant provinces can be 
compared, and the correlations among the relevant 
innovation indices analyzed using well-established methods 
of quantitative analysis.  

Currently, the most authoritative research reports 
detailing innovation capability include the Annual Report of 
Regional Innovation Capability of China (hereafter 
abbreviated to “the Report”) [1] by the Chinese Academy of 
Science and Technology for Development, and the Report of 
Independent Innovation Capability of China's Enterprises [2] 

by the Monitoring Center of the National Bureau of Statistics 
of China for Economic Prosperity.  

The Chinese Academy of Science and Technology for 
Development defines 'regional innovation capability' as the 
capacity of a region to transform knowledge into new 
products, processes, and services. Their evaluation is a 
comprehensive one based on five indices: knowledge 
creation, knowledge acquisition capability, the enterprise's 
innovation capacity, innovation environment and 
management ability, and innovation performance. Evaluation 
is conducted using a comprehensive weighted method. After 
the basic indices are nondimensionalized, layered integration 
is carried out using weights derived by experts. The value 
thus obtained quantifies the aggregate utility value of the 
innovation capacity of each of the provinces and cities 
considered [3]. 

The Report of Independent Innovation Capability of 
China's Enterprises from the National Bureau of Statistics 
constructs an evaluation index system for independent 
innovation capability of enterprises from the perspective of 
technological innovative ability. The system includes four 
first-level indices, i.e. potential resources, evaluation, 
production capability, and an environmental index for 
technological innovation.  

The Report is published annually since 2001. It is a 
comprehensive and continuous research report concerned 
with the construction of China's regional innovation system. 
It has tracked and evaluated China's regional innovation 
capacity for 14 years with high authority, sustainability, and 
advancement. Thus, it constitutes an invaluable reference for 
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objectively evaluating the current level and progress made in 
regional innovation capability. Guided by the document: 
Report of International Competitiveness by the 
internationally renowned Institute for Management 
Development (Lausanne, Switzerland), scholars evaluate 
China's regional innovation capability in the report based on 
five main aspects. The five aspects include: knowledge 
creation capability, knowledge flow capability, the 
enterprise's technology innovation capacity, innovative 
environment, and economic performance of the innovation. 
The data in the report is entirely collected from published 
statistical yearbooks and government reports (mainly the 
China Statistical Yearbook, China Statistical Yearbook on 
Science and Technology, China Statistics Yearbook on High 
Technology Industry, China Industry Statistical Yearbook, 
and Report of Statistics and Analysis of China Science and 
Technology Papers). This helps to guarantee the accuracy 
and testability of the data.  

Based on index data taken from the Report, in this work, 
a principal component analysis (PCA) is made of the 
regional innovation capabilities of the top five provinces and 
cities in China (Jiangsu, Guangdong, Beijing, Shanghai, and 
Zhejiang). By doing so, we attempt to reveal the 
relationships between China's regional innovation 
performance and the relevant influencing factors [4]. The 
rest of this study consists of the following five parts. Section 
2 is a literature review. Section 3 constructs the PCA 
evaluation indices and overall model based on the Report. 
Section 4 compares the principal components of the indices 
for regional innovation capability so as to show the 
relationship between regional innovation performance and 
the relevant factors. Policy suggestions are proposed 
according to our research conclusions in Section 5. Section 6 
summarizes the conclusions and puts forward prospective 
new research directions.  

To begin with, however, we concisely summarize our 
intent to propose the following theoretical hypotheses:  

 Hypothesis 1: An enterprise's innovation capability 
is closely correlated with regional innovation 
performance. 

 Hypothesis 1.1: Comprehensive indices for 
enterprise innovation are positively correlated with 
regional macroeconomic indices. 

 Hypothesis 1.2: Knowledge creation capability is 
positively correlated with regional sustainable 
development and environmental index. 

 Hypothesis 2: Knowledge creation capability is 
positively correlated with regional sustainable 
development. 

 Hypothesis 3: Knowledge acquisition capability 
exhibits a positive correlation with improving the 
capability of enterprise technology and international 
competitiveness of regional industry. 

 

II. LITERATURE REVIEW 

At present, the empirical studies conducted by Chinese 
scholars aimed at evaluating regional innovation 

performance are mainly focused on three aspects. The first 
involves discussing performance evaluation systems and 
index construction for regional science and technology 
innovation. Numerous scholars have screened indices related 
to regional technological innovation performance based on 
connotations and elements of the performances. In addition, 
they also tend to construct an extensive evaluation system 
based on four aspects including input and productive, 
diffusion, and supporting capacity for technological 
innovation [5].  

Secondly, scholars have studied different methods of 
evaluating the performance of regional science and 
technological innovations. For example, empirical research 
has been carried out on regional innovation performance in 
China based on analytical hierarchy processes, fuzzy 
mathematics, and factor analysis [6]. In addition, various 
scholars have conducted research on evaluating the 
performance of regional science and technological 
innovations using data envelopment analyses, extension 
synthesis evaluation methods, and PCA [7].  

Third, comprehensive research has been carried out on 
evaluating the technological innovation performance within 
various, or particular, provinces of China. For example, the 
annual reports on China's regional innovation published by 
the Chinese Academy of Science and Technology for 
Development evaluate innovation performance in various 
provinces based on five aspects. These include knowledge 
creation, knowledge acquisition, the enterprise's technology 
innovations, environment and management of technological 
innovation, and economic benefits of the innovation.  

The studies on regional innovation capability in the 
international literature mainly underline the regional 
innovation system or efficiency. Nelson [8], an American 
scholar, evaluated the innovation systems of 15 countries 
from the point of view of R&D financial resources and 
allocation, the function of universities, and government 
support that influences innovation. Cooke et al. [9] studied 
the correlation between differences in regional innovation 
capability and research, education, and technology 
transformation system. They proposed that regional 
innovation capability depends on regional decision-making 
capability, availability of financial resources, and policy 
orientation. Lawson and Lorenz [10] compared potential 
capacity and regional innovation strength. They also 
proposed countermeasures for improving regional innovation 
capability. In 2000, Porter (at Harvard University) and Stern 
[11] (at the Massachusetts Institute of Technology) took 
charge of the “Innovation Index” project in the United States.  

The research of Brown, Gregson, and Mason [12] 
showed that the particularity of the entrepreneurship 
ecosystem of one area should be highlighted when designing, 
adjusting, and implementing systematic innovation policy 
instruments. Their research also suggested that paying more 
attention to the effect of policy failure encourages innovators 
to master well the functions of the regional innovation 
system. By analyzing industrial structure, Wang, Ning, Li, 
and Prevezer [13] summarized the technology spillover 
effect from foreign direct investment (FDI) on regional 
innovation. In China (an important FDI area), practice shows 
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that FDI exerts a positive effect on regional innovation. 
However, industrial specialization reduces the positive 
effects of FDI, while a more diversified industrial structure 
probably improves the spillover effect of FDI. The research 
of Wassmann, Schiller, and Thomsen [14] indicates that 
higher levels of innovation are possible as a result of more 
diversified cooperation and connection between enterprises 
and regional spaces. Innovation achievement depends on the 
spatial scale of cooperation. In regions of low technological 
advancement, innovative enterprises are driven by 
development instead of research. This also suggests that it is 
possible for innovation to drive the growth of regional 
economies.  

III. MODELS AND DATA 

A. Selection of evaluation indices and data 

As mentioned above, in this study, a comprehensive 
evaluation index system for regional innovation capability 
consisting of 20 indices (Table 1) is constructed from five 
aspects by taking advantage of the analytical framework 
present in the Report. These include knowledge creation 
capability, knowledge acquisition capability, the enterprise's 
technological innovation capability, innovation environment, 
and economic performance of the innovation. Next, 
according to the index data in the Report relating to 2014 
(Table 2), PCA is conducted on the innovation capabilities of 
Jiangsu, Guangdong, Beijing, Shanghai, and Zhejiang using 
the Stata (v12.0) software package [15]. 

TABLE I.  COMPREHENSIVE EVALUATION INDEX SYSTEM FOR THE 
REGIONAL INNOVATION CAPABILITY 

First-level index Variable Second-level index 

Knowledge 
creation 
capacity 

X1 Public R&D investment  

X2 Patents 

X3 Research papers 

Knowledge 
acquisition 
capacity 

X4 Scientific and technological cooperation 

X5 Technology transformation 

X6 Investments of foreign-funded enterprises

Enterprise 
innovation 
capacity 

X7 Enterprises' R&D investments  

X8 Design capability 

X9 Technological improvement capability 

X10 Sales of new products 

Innovation 
environment 

X11 Innovation infrastructure 

X12 Market environment 

X13 Laborer quality 

X14 Financial environment  

X15 Entrepreneurial level 

Innovation 
performances 

X16 Macroeconomics 

X17 Industrial structure 

First-level index Variable Second-level index 

X18 International competitiveness of industry 

X19 Employment 

X20 
Sustainable development and 
environmental protection 

 

TABLE II.  INDICES FOR THE INNOVATION CAPABILITIES OF FIVE 
PROVINCES AND CITIES IN CHINA (2014) 

Index 
Province 

Jiangsu
Guang
dong 

Beijing Shanghai Zhejiang

Public R&D 
investment  

39.12 38.96 81.17 43.84 30.86 

Patents 60.92 49.48 62.17 40.16 34.75 

Research papers 46.64 29.18 57.51 36.29 33.83 

Scientific and 
technological 
cooperation 

53.47 32.20 57.76 37.83 44.03 

Technology 
transformation 

43.79 31.11 44.27 60.16 18.09 

Investments of 
foreign-funded 
enterprises 

66.03 48.96 38.51 78.51 31.18 

Enterprises' 
R&D 
investments  

76.62 67.08 47.13 38.05 56.92 

Design capability 79.23 40.54 32.56 30.08 70.64 

Technological 
improvement 
capability 

45.55 28.35 35.80 34.25 22.03 

Sales of new 
products 

76.18 71.82 47.25 61.76 68.77 

Innovation 
infrastructure 

25.50 41.67 52.69 47.32 29.63 

Market 
environment 

65.56 58.20 60.40 72.63 57.77 

Laborer quality 47.74 47.42 48.44 32.08 38.45 

Financial 
environment 

58.39 33.49 45.83 12.96 24.54 

Entrepreneurial 
level 

63.41 70.82 46.18 27.30 33.21 

Macroeconomics 72.71 60.91 49.95 49.58 49.53 

Industrial 
structures 

65.98 75.99 40.16 43.57 25.29 

International 
competitiveness 
of industry 

50.12 84.07 19.37 64.88 24.41 

Employment 55.79 68.21 47.50 36.06 44.23 

Sustainable 
development and 
environmental 
protection 

65.08 61.46 85.77 81.08 71.60 

 

Data source: Liu Xielin and Gao Taishan, Annual Report 
of Regional Innovation Capability of China in 2014, Beijing: 
Intellectual property publishing house, Jan. 2015. 
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B. Correlation analysis and extraction of principal 
components 

According to the principles of PCA, the correlations 
among the various indices need to be tested first and so the 
data in Table 2 was input into Stata to create data files. Next, 
the command 'Correlate research development-sustainable 
development' was input. After the command had run, the 
analysis results were output (Figure 1) which essentially 

displays the variance-covariance matrix of all the variables 
participating in the PCA. It can be seen from the figure that 
some of the variables are strongly correlated (up to, and 
above, 80-90%). This is an indication that there is 
information overlap in the variables. Therefore, it is 
necessary to integrate the various original variables into 
several unrelated variables of the principal components 
through PCA. 

 

 

Figure 1. The variance-covariance matrix of the variables. 
 
To this end, the command 'PCA research development-

sustainable development (3)' was input into Stata. After the 
command had run, the results of the analysis were as shown 
in Figure 2 and Figure 3. The eigenvalues, variance 
contribution rates, and accumulative contribution rates of the 
20 evaluation indices obtained using PCA are shown in 
Figure 2. The eigenvalue represents the ability of the 
principal component to explain the variation (the larger the 
eigenvalue, the stronger the explanatory ability). It can be 
seen that only the first four (out of 20) principal components 
are valid, because the eigenvalues of Comps 5-20 are all 
zero. The 'proportion' column lists the variance contribution 
rates of the principal components produced by the system, 
which also reflects the explanatory ability of the principal 
components. The variance contribution rate of the first 
principal component is 0.3891, which implies that this 
principal component explains 38.91% of all the variable 
information (with similar interpretations for the other 
components). The accumulative variance contribution rates 

of the principal components are shown in the 'cumulative' 
column. The accumulative variance contribution rate for the 
first three principal components is 0.8683 (i.e. ~87% of the 
information is accounted for), which basically meets the 
needs of the PCA. Therefore, only the first three principal 
components are analyzed further. 

C. Correlation analysis and extraction of principal  

Figure 3 displays the eigenvector matrix of the principal 
components, which essentially shows the loadings (weights) 
of each principal component with respect to the various 
variables. According to these loads, the variables that exert a 
large effect on the scores of the principal components may be 
compared. On this basis, the regional innovation index and 
correlativity represented by each principal component can be 
obtained. As standardized comprehensive scores are used for 
index values, expressions for the comprehensive scores of 
the various principal components Figure 1, Figure 2, and 
Figure 3 can be obtained as linear combinations, as follows:  
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Figure 2. The PCA results. 
 

 

Figure 3. Eigenvector Matrix of The Principal Components. 
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We now assume that a comprehensive score to represent 
the regional innovation capability of the provinces and cities, 
Y, can be constructed according to the results of the above 
analysis. The variance and total contribution rates of the 
indices of each of the principal components are applied as 
weights in the comprehensive score. In this way, the regional 
innovation capabilities of the various provinces and cities 
can be expressed in the form 

Y = (0.3891 F1 + 0.2810 F2 + 0.1982 F3)/0.8683. 
 

IV. RESULTS AND DISCUSSION 

 
Using the model derived above, comprehensive scores 

and ranks can be found for the principal components of the 
five provinces and cities in 2014 (Table 3). Next, 
comprehensive scores for the principal components relating 
to the innovation capabilities of the five provinces and cities 

in 2014 may be compared with those for all the variables 
relating to the regional innovation capability of the various 
provinces and cities given in Tables 1-2 in the 2014 edition 
of the Report [16]. We find that the ranks of the five 
provinces and cities, as reflected by the former, are entirely 
consistent with those reflected by the latter (i.e. the 
successive ranking order is: Jiangsu province, Guangdong 
province, Beijing, Shanghai, and then Zhejiang province).  

The above results show that our PCA results conform to 
the actual situation. Further comparison also shows that the 
score ranges of the principal components are larger than 
those of all the variables. This implies that the three principal 
components actually exert an important supporting effect on 
the regional innovation capabilities of the various provinces 
and cities. Also, they enhance the differences in regional 
innovation among the different provinces.  

 

 

TABLE III. THE PRINCIPAL COMPONENTS OF THE INNOVATION CAPABILITIES OF ZHEJIANG AND OTHER PROVINCES AND CITIES IN 2014 AND THE RANKS OF 
THEIR COMPREHENSIVE SCORES 

Province 
Index 

Comp1 Rank Comp2 Rank Comp3 Rank 
Comprehen
sive score 

Rank 

Jiangsu  136.3024 1 124.1875 2 114.3166 3 127.3634 1 

Guangdong 125.7198 2 89.1875 4 117.771 2 112.0828 2 

Beijing 57.9101 4 157.1858 1 84.5103 4 96.1095 3 

Shanghai 47.6856 5 89.3808 3 139.1313 1 82.0526 4 

Zhejiang 68.2139 3 82.1032 5 57.549 5 69.7087 5 

 
Our next step is to explore the correlations among the 

various indices for provincial regional innovation (and the 
reasons for them) by studying the PCA results further. We 
also try to verify the theoretical hypotheses proposed. 

A. Influence of Innovation Capability on Regional 
Macroeconomic Indices 

It can be seen from the scores for the first principal 
component (Comp 1) in Table 3 that the scores of the five 
provinces and cities descend in the order: Jiangsu province 
(136.3024) > Guangdong province (125.7198) > Zhejiang 
province (68.2139) > Beijing (57.9101) > Shanghai 

(47.6856). Jiangsu and Guangdong provinces are ranked the 
same (first and second, respectively) as they are according to 
their comprehensive scores. Zhejiang province ranks third 
(two places higher than in the comprehensive ranking), while 
Beijing and Shanghai each lag behind by one position, 
ranking fourth and fifth, respectively. The above results 
indicate that Zhejiang province has some advantages 
compared to the others when it comes to its enterprises' R&D 
investments, innovation level, and macroeconomic 
environment. This is because Zhejiang province enjoys a 
high level of developed private economy, flexible enterprise 
mechanisms, and enthusiasm and initiative with respect to 

F1 = –0.1518 X1 + 0.1346 X2 – 0.0691 X3 – 0.0200 X4 – 0.1349 X5 – 0.0052 X6 + 0.3522 X7  
+ 0.2194 X8 + 0.1005 X9 + 0.2748 X10 – 0.2354 X11 – 0.1276 X12 + 0.2332 X13 + 0.2298 X14  
+ 0.3176 X15 + 0.3239 X16 + 0.2721 X17 + 0.1385 X18 + 0.3065 X19 – 0.3252 X20, 

F2 = 0.3555 X1 + 0.3822 X2 + 0.4043 X3 + 0.3585 X4 + 0.1464 X5 – 0.0331 X6 + 0.0164 X7  
– 0.0475 X8 + 0.2817 X9 – 0.2325 X10 + 0.1310 X11 – 0.0062 X12 + 0.2719 X13 + 0.3140  X14  
+ 0.1062 X15 + 0.0802 X16 + 0.0331 X17 – 0.1922 X18 + 0.0232 X19 + 0.1763 X20, 

F3 = –0.0246 X1 + 0.0810 X2 – 0.0366 X3 – 0.1402 X4 + 0.4294 X5 + 0.4843 X6 – 0.0624 X7  
– 0.1762 X8 + 0.2967 X9 + 0.0680 X10 + 0.1122 X11 + 0.4249 X12 – 0.1240 X13 – 0.0527  X14  
+ 0.0422 X15 + 0.1568 X16 + 0.2618 X17 + 0.3441 X18 – 0.0279 X19 + 0.0008 X20. 
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innovation. Thus, the PCA results seem reliable and 
consistent with the actual situation.  

It can be seen from Figure 3 that principal component 1 
has certain indices that have large variation coefficients (i.e. 
large loadings). The largest are the enterprises' R&D 
investments (0.3522), macro economy (0.3239), 
entrepreneurial level (0.3176), and employment (0.3065). 
These results indicate that principal component 1 mainly 
accounts for the correlation between indices relating to the 
enterprises' innovation activities and regional innovation 
performance. In order to further analyze this correlation, we 
examined the variance-covariance matrix displayed in 
Figure 1 in more detail. The correlation coefficient between 
enterprise R&D investment (X7) in the comprehensive index 
for enterprise innovation activity and macroeconomic 
comprehensive index (X16) reflecting innovation 
performance is 0.8863 (a strong positive correlation). 
Therefore, Hypothesis 1.1 (comprehensive index for 
enterprise innovation is positively correlated with regional 
macroeconomic index) is verified.  

Besides this, Figure 1 also indicates that the correlation 
coefficients relating enterprise innovation capacity variables 
X7-10 (the enterprises' R&D investments, design capability, 
technological improvement capability, and sales of new 
products) to X20 (the comprehensive index for sustainable 
development and environmental protection) are -0.8688, -
0.5696, 0.0427, and -0.9113, respectively. Therefore, the 
enterprise innovation indices are highly negatively correlated 
with X20. The result obtained is contradictory to Hypothesis 
1.2 proposed in this study (that comprehensive indices for 
enterprise innovation are likely to be positively correlated 
with the index for sustainable development and 
environmental protection). This result reflects the un-
sustainability of the existing underlying problem and the 
drawback of enterprise innovation activity in China. Indeed, 
excessive pursuit of short-term economic benefits while 
ignoring long-term social benefits has a detrimental effect on 
sustainable development and potential regional 
innovation. This conclusion suggests that transforming 
economic growth patterns and achieving long-term 
development in China remains a great challenge. Evidence 
for this can be found in the innovative practices of Zhejiang 
province — although enterprise innovation here exhibits a 
certain degree of superiority, relying on the superiority of the 
private economy, the comprehensive performance of 
regional innovation in Zhejiang is not good, which results in 
it having the comprehensive score with the lowest ranking. 

 

B. Knowledge Creation Capability and Regional 
Sustainable Development 

 
As shown in Figure 3, the first four indices have the 

highest correlations in principal component 2: public R&D 
investment (0.3555), patents (0.3822), research papers 
(0.4043), and scientific and technological cooperation 
(0.3585). This suggests that principal component 2 mainly 
reflects regional knowledge creation capability. Table 3 
indicates that in terms of principal component 2, Beijing and 

Zhejiang province are ranked first and fifth, respectively. 
This again conforms to the actual situation. In general, 
knowledge creation capability depends on colleges, 
universities, and scientific research institutes. In this respect, 
numerous universities are located in Beijing, while there are 
relatively fewer of these institutes in Zhejiang province.  

The correlation between the knowledge creation 
capability indices and regional innovation performance can 
be further analyzed according to Figure 1. The three second-
level indices of knowledge creation capability, X1-3, (public 
R&D investment, patents, and research papers) have 
correlation coefficients of 0.7208, 0.0333, and 0.5847, 
respectively, with respect to the comprehensive index for 
sustainable development-environmental protection, X20. 
Therefore, it is confirmed that knowledge creation capability 
is positively correlated with the index for sustainable 
development and environmental protection, which is 
consistent with Hypothesis 2. 

Theoretically, knowledge creation capability means the 
ability of one to acquire new scientific knowledge through 
scientific research. In addition, as it is one of the indices of 
importance to regional innovation capability, knowledge 
creation capability emphasizes the ability to create original 
knowledge within a region through scientific R&D 
investment, monitoring of scientific technological output, 
and process management in order to transform an objective 
and subjective world [17]. Drucker has pointed out that 
knowledge is a key economic resource and also a dominant 
(as well as the solitary) source for gaining a competitive edge 
[18]. This suggests that knowledge creation capabilities 
determine the core competitiveness and sustainable 
development ability of regional innovation. Therefore, 
Hypothesis 2, as proposed in this study, is correct. 

 

C. Knowledge Acquisition Capability and Regional 
Industrial Competitiveness 

 
It can also be seen from Figure 3 that principal 

component 3 has large variation coefficients (i.e. large 
loadings) with the following indices: technology 
transformation (0.4294), investment from foreign-funded 
enterprises (0.4843), market environment (0.4249), 
international competitiveness of industry (0.3441), and 
technological improvement capability of enterprises 
(0.2967). Therefore, it can be speculated that principal 
component 3 mainly reflects the correlation between 
knowledge acquisition capability of regional innovation and 
the technological improvement capability of the enterprises 
and international competitiveness of the industries.  

It can be seen from Table 3 that among the 
comprehensive scores for principal component 3, Shanghai 
and Zhejiang province are ranked first and fifth, respectively 
(again conforming to the actual situation). This is because, 
among the five provinces and cities considered, Shanghai has 
a high degree of openness and also good levels of scientific 
and technological cooperation, both inside and outside the 
region. Thus, it possesses a strong knowledge acquisition 
capability. Compared with the other four advanced provinces 
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and cities, Zhejiang province exhibits a weaker higher 
education level and poorer fundamental research capability. 
In addition, the manufacturing industries in Zhejiang 
province are dominated by small- and medium-sized 
businesses. Although private economies have been 
developed, high-tech enterprises account for just a small 
proportion. Thus, industrial competitiveness is in urgent need 
of being strengthened.  

The correlation between knowledge acquisition 
capability and technology improvement capability of 
enterprises and international competitiveness of industries 
can be further analyzed using Figure 1. Consider the three 
second-level indices X4-6 which are comprehensive indices 
for knowledge acquisition capability (scientific and 
technological cooperation, technology transformation, and 
investment by foreign-funded enterprises, respectively). The 
correlation coefficients of these three indices with index X9 
(technological improvement capability of the enterprises) are 
0.5447, 0.6615, and 0.6030, respectively. This shows that 
knowledge acquisition capability is positively correlated with 
the technological improvement capability of the enterprises. 

Furthermore, the correlation coefficients of indices X5, 
X6, and X12 (technology transformation, investment by 
foreign-funded enterprises, and market environment, 
respectively) with X18 (international competitiveness of 
regional industries) are 0.2465, 0.5851, and 0.2833, 
respectively. This result suggests that knowledge acquisition 
capability exhibits a positive correlation with international 
competitiveness of regional industries, which verifies the 
correctness of Hypothesis 3. Our analysis reveals that both 
the technological improvement capabilities of enterprises and 
international competitiveness of regional industries are 
factors determining regional innovation capability and are 
also potential advantage of regional innovation. 

 
V. POLICY SUGGESTIONS 

 
Following on from the above discussion, 

targeted policies and suggestions can be proposed aimed at 
improving regional innovation performance. We consider 
innovation from three perspectives relating to enterprises, 
industries, and regions taking into account the actual regional 
conditions in China.  

 

A. Enterprise Innovation 

 
Enterprises play a dominant role in the market in leading 

regional innovation. The relevant regional government 
departments and industrial organizations should play their 
parts in implementing and constantly improving their policy 
measures. By doing so, enterprises can be expected to be 
encouraged to play a dominant role in technological 
innovation decision-making, research and development 
investments, the organization of research projects 
and  transformation of sci-tech achievements.  

Firstly, the various preferential policies proposed by the 
Chinese Government to encourage enterprise innovation 
(relating to taxation, financing, and science and technology) 

should be fully implemented. In addition, full use of market 
mechanisms should be made and governmental 
administrative intervention reduced in order to strengthen the 
dominant role of enterprises in the market. This will result in 
continual improvement in the independent innovation 
capabilities of enterprises.  

Secondly, it is necessary to guide enterprises towards 
paying more attention to strategic planning and sustainable 
development of technology innovation and improving their 
core competitiveness [19]. Targeted support policies should 
be formulated to cultivate innovative enterprises and help 
enterprises to strengthen the development of their core 
technologies. In this way, enterprises can formulate 
independent intellectual property rights and avoid partially 
pursuing short-term economic benefits. In addition, 
governments should promote innovation through 
entrepreneurship and make full use of the advantages to be 
had of using private economies. Regional governments 
should plan to cultivate newly-established technology-based 
enterprises and promote the growth of technology-based 
medium-small enterprises. By doing so, they can lead 
venture capital institutions and social capitalists to invest in 
the development of technology-based medium-small 
enterprises so as to drive these enterprises to develop into 
high-tech enterprises. Finally, regional governments should 
provide a good service environment for enterprise 
innovation. They can do this by deepening the reform of the 
institutional mechanisms relating to science and technology 
management. Regional governments should also continually 
transform their functions, strengthen public services, deepen 
the reform of the administrative approval system and 
marketization of resource factors, and make full use of the 
fundamental effects of the market on the allocation of 
scientific and technological resources in order to improve 
enterprise vitality. They are also expected to make various 
improvements to form institutional mechanisms that favor 
innovation and entrepreneurship, inspire innovation vitality, 
and improve innovation efficiency. These mechanisms 
include the science and technology input and performance 
evaluation mechanisms of governments, investment and 
financing mechanisms for science and technology 
innovation, and evaluation and promotion mechanisms for 
technology achievement and innovative talent. 

 

B. Industrial Innovation 

 
Encouraging industry-university-research institute 

cooperation is an effective way of promoting regional 
innovation. Firstly, it is necessary to encourage and promote 
the formation of a beneficial community for innovation 
among universities, scientific research institutes, and 
enterprises. Cooperation between industry, universities, and 
research institutes should be actively explored with regional 
characteristics that are proposed by the enterprises. 
Governments need to determine the innovation issues to be 
collaboratively solved by all parties in order to strengthen 
top-level design and resource integration. In addition, 
regional government should actively promote closer 
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integration between enterprises, universities, and research 
institutes within their region., Collaborative innovation 
mechanisms are expected to be formed to realize joint 
development and sharing benefits and risks with 
complementary advantages based on intellectual 
property and research projects. 

Governments should also encourage higher learning 
institutions and research institutes to adopt some form of 
marketization, so that a variety of science and technology 
resources is available to the enterprises. In addition, 
universities, research institutes, and enterprises can 
collaboratively establish various technology-innovation 
organizations, e.g. R&D institutions, industrial technology-
innovation alliances, and postdoctoral centers.  

Secondly, it is necessary to encourage enterprises to take 
more advantage of domestic and overseas innovation 
resources. Enterprises should be prompted to become the 
main force driving technological cooperation and exchange 
by bringing in resources and going global [20]. It is 
necessary to encourage enterprises to cooperate with 
domestic and overseas research institutes and universities 
and to introduce or co-build innovation platforms to promote 
industrialization of their scientific and technological 
achievements. In addition, local governments should 
encourage enterprises to set up, merge, and purchase 
research institutes overseas and to strengthen imports and 
absorb and innovate new technologies in novel ways. For 
enterprises that purchase foreign research institutes and 
brand marketing networks, governments should reward them 
by giving them a one-off payment equal to a certain 
proportion of the actual purchase cost. Governments should 
encourage enterprises, universities, and research institutes to 
participate in joint development, achievement 
transformation, and industrialization of dual-use 
technologies. For example, they could promote the 
integration and development of civil-military technology 
[21].  

Thirdly, it is necessary to continuously improve public 
policies, build good social environments, attract regional 
investment from domestic and overseas high-tech 
enterprises, and to introduce advanced new technologies and 
experienced management personnel. 

 

C. Regional innovation 

 
Fundamental research and knowledge creating capacities 

determine the sustainability of regional innovation 
development. Local governments should implement several 
policies to improve regional higher education and 
fundamental research levels and to strengthen knowledge 
creation capability.  

First, governments should continue to enhance their 
financial support for regional universities and research 
institutes as this will promote the scientific research levels 
and innovation capabilities of these bodies. In addition, 
governments should guide universities to scientifically 
position and develop themselves with specific specializations 
in order to build a system of high-level universities at 

different levels and of different types. It is also necessary to 
give strong support for the nationwide construction of key 
subjects and to pay more attention to guiding universities so 
they connect closely with the most significant demands 
required for regional industrial development. Also, the 
governments need to strengthen subject development and 
promote the extent to which the subjects and industries 
match as well as the match between specialty and 
employment. Additionally, governments need to constantly 
enhance the reform of research institutes to facilitate the 
establishment of a modern system of research institutes and 
cultivate a batch of top-class research institutes.  

Secondly, governments should attract foreign capital by 
building favorable investment environments and actively 
introducing domestic universities to top-class overseas 
universities, research institutes, and the top 500 R&D centers 
in the world. These organizations can be expected to set up 
affiliated institutions and transformation bases for scientific 
and technological achievements in the region which will 
prompt a giant leap forward in growth of fundamental 
regional research capability.  

Thirdly, governments need to implement different 
policies and increase public R&D investment in order to 
attract more business capital and social funding investment 
in fundamental R&D, thus making full use of the leverage 
afforded by financial investment. In so doing, a favorable 
situation in which the whole of society can take part in 
innovation can be formed. As a result, the level of production 
of fundamental research, including patents and research 
papers, can be constantly improved. 

 
VI. CONCLUSIONS 

 
Based on index data from the Report (2014), PCA was 

carried out on the regional innovation performance of five 
provinces and cities in China (Beijing, Shanghai, Jiangsu, 
Guangdong, and Zhejiang). It was found that the primary 
factors closely related to the comprehensive indices for 
regional innovation performance include capabilities relating 
to enterprise innovation, knowledge creation, and knowledge 
acquisition. On the basis of the results obtained, policy 
suggestions aimed at improving regional innovation 
performance were proposed from the perspective of 
enterprise, industry, and regional innovation. 

In terms of research methods, a PCA model was 
constructed using Stata software (v12.0) to account for the 
innovation performance of the different regions using the 
results of a quantitative analysis. Meanwhile, the mutual 
correlations among the various indices for the principal 
components of the regional innovation performance were 
analyzed to reveal the key factors influencing the 
performances. The research conclusions, based on data from 
several typical regions of China, are reliable and valid. 

Based on the present study, similar analyses of data 
collected from different regions and for other years could be 
used to compare dynamic changes in the trends in innovation 
performance of the different regions. Stata panel data 
analysis could then be used to propose further targeted 
policies and suggestions. In this way, it may be possible to 
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accelerate the rate of regional innovation development in 
China. 

ACKNOWLEDGMENT 

 
We are grateful for financial support from the National 

Social Science Foundation of China under Grant (No. 
11BGL096), and the Zhejiang Provincial Natural Science 
Foundation of China under Grant (No. LY16G030021), and 
the Zhejiang Provincial Natural Science Foundation of China 
under Grant (No. LQ12G02014). 

 

REFERENCES 

 
[1] X.L. Liu and T.S. Gao. Annual report of regional innovation capacity 

of China in 2014. Beijing: Intellectual property publishing house, 
2015.  

[2] China Economic Net. “Report of Independent Innovation Capability 
of China's Enterprises.” Internet: 
www.ce.cn/ztpd/cjzt/chanjinltzh/2005/wzzcxgsj/xgbd/200511/08/t200
51108_5454119.shtml Nov 2005 08 [Dec. 10, 2016]. 

[3] Y Tian Yingfu and Jiang Qingqiong. “An important problem and a 
solution to time series analysis”. Statistics and Decisions, no. 6, 
pp.87-88, 2015. 

[4] B.L. Liu. “Empirical research on economic and social development of 
36 major cities in China.” Economic and Social Development, vol.12, 
pp.105-108, 2014. 

[5] X. Tan and Z.Q. Zhang. “Study on technology collaboration and 
flowing based on patent analysis.” Studies in Science of Science, vol. 
31, pp.1313-1320, 2013. 

[6] Y. Yuan. “A comparative study of Guangdong regional innovation 
ability based on factor analysis.” Special Zone Economy, No.1, pp. 
22-25, 2016. 

[7] Z.H. Yao, P.Y. Yao, and S.S. Wang. “Research on the regional 
development of high-tech services in China.” On Economic 
Problems, No.11, pp.70-74, 2014. 

[8] R.R. Nelson (ed.). National Innovation Systems: A Comparative 
Analysis. New York: Oxford University Press, 1993, pp. 3-27. 

[9] Cook, Braczyk, Heldenreich. Regional innovation systems: The role 
of governance in a globalized world. London: UCL Press, 1998, pp. 
49-67. 

[10] Lawson, Lorenz. “Collective learning, tacit knowledge and regional 
innovative capacity”, Regional Studies, vol. 33, pp.305－317, 1999. 

[11] Stern, Porter. “The determinants of national innovative capacity.” 
Cambridge: National Bureau of Economic Research Working Paper, 
2000. 

[12] R. Brown, G. Gregson and C. Mason “A post-mortem of regional 
innovation policy failure: Scotland's Intermediate Technology 
Initiative (ITI)”, Regional Studies, vol. 50, pp. 1260-1272, 2016. 

[13] Y. Wang, L. Ning, J. Li, and M. Prevezer. “Foreign direct investment 
spillovers and the geography of innovation in Chinese regions: the 
role of regional industrial specialization and diversity”, Regional 
Studies, vol. 50, pp. 805-822, 2016. 

[14] P. Wassmann, D. Schiller, and S.L. Thomsen. “Spatial cooperation 
patterns and their impact on innovation outcomes: lessons from firms 
in a low-technology region”, European Planning Studies, vol. 24, pp. 
833-864, 2016. 

[15] C.S. Zhang. “Comparison and research of Guangdong and Jiangsu 
regional innovation ability”, Lingnan Journal, No.4, pp.95-104, 2015. 

[16] X.L. Liu and T.S. Gao. Annual report of regional innovation capacity 
of China in 2014. Beijing: Intellectual property publishing house, 
2015, pp.11.   

[17] M. Xia and Q. Wang. “Research on the evaluating index system of 
university knowledge creation capability”', Science of science and 
management of S&T, No.5, 2010. 

[18] P.F. Drucker. Knowledge management. Beijing: China Renmin 
University Press, 2000, pp.16-32. 

[19] Q. Yao, W.F. Jiang, and M.S. Xu. “Technological innovation and 
performance of agribusinesses in China”, International journal of 
Technology, Policy and Management, vol. 16, pp.128-148, 2016. 

[20] W.B. Tang, Y.H. Fu, and Z.X. Wang. “Technology innovation, 
technology introduction and transformation of economic growth 
pattern”, Economic Research Journal, No.7, pp.31-42, 2014. 

[21] X.F. Liu, J. Chen, and Y.Y. Xie, D. Wu. (2016) “Strategic 
transformation through innovation in emerging industry: a case 
study”, International journal of Technology Management, vol. 72,  
pp. 192-209, 2016. 

 
 
 
 

   


