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Abstract—Through establishing the indicator system that 

reflects the regional scientific and technological innovation 

capacity, this paper applies the Principal Component 

Analysis and Cluster Analysis Method to make empirical 

analysis and comparative analysis on regional scientific and 
technological innovation capacity of 30 provinces, cities and 

districts within China Mainland, and concludes the 

comprehensive ranking of all regions’ scientific and 

technological innovation capacity. Finally, by taking Gansu 

as an example, it points out the deficiencies in the aspect of 
scientific and technological innovation, and also puts 

forward corresponding countermeasures and suggestions. 

Keywords-Technological Innovation; Scientific and 

technological innovation; Innovative Capability Evaluation 

I. INTRODUCTION 

Regional scientific and technological innovation 
capacity is an important scale to measure the conditions of 

regional innovative system and an important means to 

reinforce the regional competitiveness and promote 
economic development. The increase of one region ’s 

scientific and technological innovation capacity has 
gradually become a decisive factor to obtain 

competitiveness.  
 “Decision of the CCCPC on Some Major Issues 

Concerning Comprehensively Deepening the Reform” puts 

forward the strategic thought of “Two Belts and One 
Road”, which brings unprecedented historical development 

opportunity for Gansu. To accelerate the progress of new 
industrialization, agricultural modernizat ion and new 

urbanization, realize great-leap-forward development and 
the strategic objective of long-term peace and order, it  

must give full play to the huge promotion of science and 

technology and improve the regional scientific and 
technological innovation capacity.    

II. RESEARCH METHODS 

A. Principal Component Analysis (PCA) 

In actual research, people are often encountered by 

multi-index (variable). Moreover, in most cases, there is 
certain correlation among different indicators, which will 

absolutely increase the complexity of problem analysis. 
PCA tries to recombine the previous indicators into a new 

group of comprehensive and irrelevant indicators to 

replace the original indicators. Meanwhile, it should select 
a few comprehensive indicators according to the actual 

demand, so as to try to reflect the informat ion of original 
indicators as much as possible. Because the PCA can 

concentrate the information and simplify the structure of 
indicator, it makes the process of analyzing problem to be 

simple, intuitive and effective, thus it has been widely 

applied in all fields. 

B. Cluster Analysis Method 

Cluster Analysis, also called as group analysis and 

point group analysis, is a multi-statistic analysis applied in 

classification. According to several observation indicators 
of one batch of samples, it specifically finds out some 

statistics measuring the similarity degree between the 
samples or indicators, and then takes these statistics  as the 

basis to classify the type. It integrates samples (or 
indicators) with great similarity into one classification and 

integrates other samples (or indicators) with great 

similarity into another classification. It will be completed 
until all samples (or indicators) are integrated. In Cluster 

Analysis, it is usually divided into Q cluster analysis and R 
cluster analysis according to the different objects of 

classification.   

III.  ANALYSIS PROCESS 

A.    Construction of Scientific and Technological 

Innovation Capacity Indicator System 

While evaluating the innovation capacity of one region, 

it is quite important to select evaluation indicators. On the 
basis of systematicness, comprehensiveness, effectiveness 

and availability of data, this paper selects indicators to 
construct the scientific and technological innovation 

capacity indicator system, as shown in Table 1.  
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TABLE I.  T ECHNOLOGICAL INNOVATION ABILITY EVALUATION 

SYSTEM 

Targ
et 

layer 

Guide
lines 

layer 

Index layer Variable 

Scien
tific 

and 
techn

ologi
cal 

innov

ation 

Scien

ce 
and 

techn

ology 
invest

ment 

Scientific and technological 

activities 
W1 

R & D personnel equivalent to 
full-time equivalents 

W2 

R & D internal expenses 
(million) 

W3 

expenditure as a percentage of 
GDP % 

W4 

New Product Development 

Expenditure 
W5 

Tech
nolog

y 
Innov

ation 

Envir
onme

nt 

Every  10 million people have 

the number of students in 
Colleges and Universities  

W6 

Post and telecommunications  W7 

Passenger turnover W8 

New urban fixed assets  W9 

Gross Regional Product W10 

HOUSEHOLD 
CONSUMPTION 

W11 

Tech
nolog

y 
outpu

t 
capac

ity 

Patent Granted W12 

The number of invention 
patents 

W13 

Value of new products  W14 

Technology Market Turnover 
(million) 

W15 

Enter

prise 
innov

ation 
abilit

y 

LMEs R & D staff FTE W16 

Large and medium industrial 

enterprises in R & D 
expenditure (million) 

W17 

LMEs number of items new 
products 

W18 

LMEs patent case W19 

LMEs Value of new products 

(million) 
W20 

B.     Source of Sample Data 

According to the regional scientific and technological 
innovation capacity indicator system constructed above, it 

selects 30 provinces, districts and provinces in China 
mainland as the sample, except Hong Kong, Taiwan, 

Macao and Tibet (because the data of Tibet is incomplete, 
it cannot make the homogeneous comparison, thus it is not 

listed as the evaluation object). Based on the relevant data 

of scientific and technological activities in 2008, it studies 
scientific and technological innovation capacity. Data in 

this paper mainly comes from “China Statistical Yearbook 
on Science and Technology in 2009”, “China Statistical 

Yearbook in 2009” and “China Statistical Yearbook on Hi-
tech Industry in 2009”.  

C.     Analysis Process 

According to the principle of Factor Analysis Method, 

it applies the statistic software SPSS 16.0 to calculate 
corresponding characteristic value, contribution rate and 

accumulative contribution rate of all factors, and also 

component matrix after orthogonal rotation of all index 

variables, as shown in Table 2 and 3.  

TABLE II.  EIGENVALUES AND CUMULATIVE CONTRIBUTION 

RATE 

Ing

red
ien

t 

Initial eigenvalues 
Extracting square and 

load 

Total 

Varia
nce 

contri
butio

n 

Accu

mulat
ion% 

Total 

Varia
nce 

contri
butio

n 

Accu

mulat
ion% 

1 
12.30

3 

61.56

4 

61.56

4 

12.30

3 

61.56

4 

61.56

4 

2 
4.584 22.91

8 
84.48

3 
4.584 22.91

8 
84.48

3 

3 
1.187 5.934 90.41

7 

1.187 5.934 90.41

7 

4 
0.991 4.955 95.37

2 

   

5 
0.265 1.324 96.69

6 
   

6 
0.217 1.086 97.78

3 

   

7 
0.135 0.677 98.45

9 
   

8 
0.088 0.440 98.90

0 

   

9 
0.069 0.343 99.23

4 

   

10 
0.045 0.224 99.46

7 
   

11 
0.036 0.179 99.64

7 

   

12 
0.019 0.096 99.74

3 
   

13 
0.016 0.081 99.83

2 

   

14 
0.014 0.068 99.89

1 

   

15 
0.010 0.049 99.94

0 
   

16 
0.007 0.036 99.96

7 

   

17 
0.002 0.012 99.98

8 
   

18 
0.001 0.006 99.99

4 

   

19 
0.001 0.004 99.99

9 

   

20 
0.000 0.001 100.0

0 
   

From Table 2, it can be concluded that characteristic 
values of the first, second and third component are 

respectively 12.303, 4.584 and 1.187, which are all larger 
than 1. Moreover, the accumulative contribution rate of 

variance achieves to 90.417%, larger than 85%, which 
concentrates most informat ion of orig inal data. Therefore, 
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it can extract the first three components as the principal 

component indicators to evaluate the regional scientific 
and technological innovative competitiveness. It takes the 

corresponding feature vectors of these three characteristic 
values as the new comprehensive indicators and then 

evaluates scientific and technological innovation capacity 
of 30 provinces, districts and cities in China mainland. 

Economic significance of principal components is up 

to the comprehensive significance of several original 
indicators with quite large coefficient (absolute value) in 

the linear combination. From Table 3, it can be seen that, 
of the first principal components, the new product’s 

development expenditure, quantity of patent application 
and grant, new product’s output value, full-time equivalent 

of medium and large industrial enterprises ’ R&D 
personnel, R&D expenditure of medium and large 

industrial enterprises, quantity of medium and large 

industrial enterprises’ new products, quantity of medium 
and large industrial industries ’ patent application and new 

product’s output value have quite large loading coefficient, 
which mainly reflects the technological innovative 

capacity of enterprises. Thus it is called as the factor of 
technological innovative capacity of enterprises. Of the 

second principal components, the internal expenditure of 

R&D, R&D expenditure’s proportion of GDP, college 
students per 100000 people, GDP, household consumption 

level and technical market’s turnover have quite large 
loading coefficient, which mainly  reflects the expenditure 

of scientific and technological activities. Thus it is called 
as factor of scientific and technological input. Of the third 

principal components, the turnover of passenger traffic and 

urban newly-added fixed assets have quite large loading 
coefficient, which mainly reflects the influence of 

environment for scientific & technological innovation on 
the innovative capacity. Thus it is called as factor of 

environment for scientific & technological innovation.    

TABLE III.  LOAD FACTOR MATRIX 

Element 1 2 3 

Scientific and technological 
activities 

0.895 -0.264 
-

0.209 

R & D personnel equivalent 
to full-time equivalents 

0.852 -0.282 
-

0.279 

R & D internal expenses 

(million) 
0.394 0.818 0.271 

expenditure as a percentage 
of GDP % 

0.180 0.857 0.219 

New Product Development 

Expenditure 
0.926 -0.216 

-

0.233 

Every  10 million people 
have the number of students 

in Colleges and Universities  

0.375 0.861 0.089 

Post and 
telecommunications 

0.918 -0.288 0.004 

Passenger turnover 0.599 -0.498 0.534 

New urban fixed assets  0.674 -0.274 0.592 

Gross Regional Product 0.619 0.628 
-

0.137 

HOUSEHOLD 

CONSUMPTION 
0.628 0.608 

-

0.239 

Patent Granted 0.939 -0.126 
-

0.048 

The number of invention 

patents 
0.911 0.345 

-

0.103 

Value of new products  0.939 0.093 
-

0.220 

Technology Market 
Turnover (million) 

0.445 0.844 0.071 

LMEs R & D staff FTE 0.934 -0.315 0.087 

Large and medium 
industrial enterprises in R 

& D expenditure (million) 

0.922 -0.226 0.113 

LMEs number of items new 
products 

0.936 -0.013 0.251 

LMEs patent case 0.933 -0.250 
-

0.158 

LMEs Value of new 

products (million) 
0.952 -0.063 0.007 

After determining the principal components, by 

applying SPSS20, it can conclude the scores of 30 
provinces, cities and districts of China main land in each 

principal component. And then with the help of Excel, it  

takes the proportion of each principal component’s 
variance contribution ratio to three principal components ’ 

contribution ratio as the weight, and applies the weighted 
summarization to get each region’s comprehensive score 

of innovation capacity, as shown in Table 4. Because the 
contribution ratio of the first principal component does not 

surpass 85%, if it only sorts by the score of the first 
principal component, there is not enough information, 

which will be unilateral. Therefore, with the help of SPSS 

20, it fatherly makes cluster analysis on the scores of 
selected first, second and third principal components. This 

cluster analysis adopts the hierarchical clustering process, 
the Ward as the clustering method adopts and the Squared 

euclidean distance as the distance measure and finally gets 
the hierarchical diagram of systematic cluster analysis, as 

shown in Fig. 1.  
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Figure 1． 

IV. RESULT ANALYSIS 

According to the cluster analysis dendrogram and 

comprehensive score of principal components (as shown in 
Table 4), based on the strength and weakness of regional 

innovation capacity, it roughly divides 30 provinces, cities 
and districts of China mainland to six classifications. 

Classification 1: Beijing; Classification 2: Guangdong; 
Classification 3: Shanghai, Tianjin; Classification 4: 

Jiangsu, Shandong, Zhejiang, Henan; Classification 5: 
Liaoning, Sichuan, Shanxi, Hubei, Hebei, Hunan, Anhui, 

Jiangxi; Classification 6: Fujian, Heilongjiang, Jilin, 

Chongqing, Shanxi, Inner Mongolia, Guangxi, Gansu, 
Yunnan, Xinjiang, Hainan, Guizhou, Ningxia, Qinghai. 

A.    Analysis on Each Classification 

Classification 1: as the capital, Beijing is the political, 

economic and cultural center of the whole nation, which 
integrates the most abundant innovation resources. Due to 

the developed economy, convenient transportation and 
high degree of opening up to the outside world, no matter 

in the aspect of environment for science and technology 
and technological innovation capacity of enterprises, or in 

the aspect of science and technology input, Beijing takes 

the leading position in China. Thus it has the strongest 
scientific and technological innovation capacity. 

Classification 2: Guangdong is the cutting-edge 
window of China’s reform and opening up to the outside 

world. Adjacent to Hong Kong, Macao and Taiwan, it has 
superior geographical conditions, active commodity 

economy, strong economic base and enterprise’s 

innovation capacity. However, there is still a certain gap 
between Guangdong and Beijing in the aspect of input in 

environment for science and technology and science and 
technology activities. Thus Guangdong comes second to 

Beijing in the aspect of scientific and technological 

innovation capacity. 
Classification 3: As municipalit ies directly under the 

central government, Shanghai and Tianjin are extra -large 
cities and well-known ports in China. The enterprises ’ 

innovation capacity of these two cities respectively rank 
6th and 8th, the scientific and technological input 

respectively rank 2nd and 3rd. In the aspect of patent 

application quantity, new product’s output value, full-time 
equivalent of medium and large industrial enterprises ’ 

R&D personnel, R&D expenditure, quantity of new 
product item, regional household consumption level and 

colleges and universities, Shanghai and Tianjin both top 
the list in China. Thus they rank Classification 3.   

Classification 4: Among Jiangsu, Shandong, Zhejiang 
and Henan, in the aspect of the most important 1st factor--

enterprise’s innovation capacity, Jiangsu comes second to 

Guangdong, ranking 2nd in China, Shandong follows 
closely, ranking 3rd. Zhejiang and Henan respectively rank 

5th and 9th. Although these four provinces are in the same 
classification, it can clearly see that, there is an obvious 

gap among these four cities in the aspect of innovation 
capacity. Of which, enterprises of Jiangsu have the 

strongest innovation capacity, with the highest 

comprehensive score. Therefore, Jiangsu ranks the 1st in 
this classification. The comprehensive score of Shandong 

and Zhejiang are 0.71 and 0.66 respectively; with no big 
difference, ranking 2nd and 3rd. Henan is the only 

province in the central region of China. Compared to the 
previous three provinces, no matter in  the aspect of 

enterprise’s innovation capacity or science and technology 

input, there is a large gap, ranking lowest in the same 
classification. The factor of location mainly contributes to 

that. Jiangsu, Zhejiang and Shandong all belong to eastern 
coastal areas, with solid industrial base, developed 

commodity economy, superior geological location and 
convenient land and water communication. But Henan is 

located in central plain, which has not too many 
advantages to utilize. In the aspect of turnover of passenger 

traffic and urban newly-added fixed  assets, Henan ranks 

the top, which are a little  bit higher than those of other 
three provinces. It makes up for its deficiencies in other 

two aspects to a certain extent, thus it is also included in 
Classification 4.     

Classification 5: from the above analysis, we can see 
that, of the 8 provinces and cities in previous four 

classifications, they all belong to eastern areas except 

Henan; but of 8 areas in Classification 5, only Liaoning 
and Hebei belong to eastern areas, the rest belong to 

central and western regions. In the aspect of enterprise’s 
innovation capacity, that of Liaoning and Sichuan are 

positive values, that of the rest 6 provinces and cities are 
negative values, which are obviously lower than the 

national average. Of which, scores of Liaoning in the 

aspect of three principal components are all higher than the 
national average, ranking 1st. Sichuan and Shanxi only 

have one item below the average. In the aspect of 
enterprise’s technological innovation capacity, the more 

important 1st factor, Sichuan is higher than that of Shanxi. 
Thus Shanxi comes second to Sichuan, respectively 

ranking 2nd and 3rd. The other ranking is Hubei, Hebei, 
Hunan, Anhui and Jiangxi in sequence. In this 

classification, the 3rd factor --turnover of passenger traffic 
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and urban newly-added fixed  assets of these regions are all 

higher than the national average, which shows that these 8 
regions have quite strong scientific and technological 

potential and possibly enter the previous 4 classifications 
after improving some regional deficiencies. 

Classification 6: there are 14 provinces, cities and 
districts, including 2 eastern provinces (Fujian and Hainan), 

3 central provinces (Heilongjiang, Jilin and Shanxi) and 9 

western provinces, cities and districts (Chongqing, Inner 
Mongolia, Guangxi, Gansu, Yunnan, Xinjiang, Guizhou, 

Ningxia and Qinghai). As these 14 regions, their scientific 
and technological innovation capacity are all negative 

values, which are below the national average, most of them 
have not achieved the average level in scientific 

technological input and innovative environment.    
It makes analysis on the regional ranking. Eastern areas: 

Beijing, Guangdong, Shanghai, Tianjin, Jiangsu, Shandong, 

Zhejiang, Liaoning, Hebei, Fujian and Hainan. Middle 
areas: Henan, Hubei, Hunan, Anhui, Jiangxi, Heilongjiang, 

Jilin and Shanxi. Western areas: Sichuan, Shanxi, 
Chongqing, Inner Mongolia, Guangxi, Guizhou, Gansu, 

Yunnan, Xinjiang, Ningxia, Qinghai. 

B.    From the above ranking, it can be concluded that  

Development of scientific and technological innovation 
capacity are unbalanced, with obvious regional differences. 

Generally, the eastern part is the strongest, the central part 
is in the middle and the western part is poorest. In addition, 

all regions have great differences internally. For instance, 

eastern Fujian and Hainan belong to the 6th classification, 
but Beijing and Guangdong belong to 1st and 2nd 

classification. The eastern and western areas have similar 
problems as well; 

Enterprise’s innovation capacity is the most important 
factor of one region’s scientific and technological 

innovation capacity. If enterprises have strong innovation 

capacity, the region’s scientific and technological 
innovation capacity will be correspondingly strong and 

vice versa. Enterprise innovation capability of Henan and 
Sichuan respectively rank top in central and western areas, 

and their comprehensive rankings are the strongest in 
central and western areas. Enterprise innovation capacity 

of Hainan, Guangxi and Qinghai is the poorest in eastern, 

central and western areas, so is the comprehensive ranking. 
It shows that the principal status of enterprise innovation 

has been gradually reinforced, which is consistent with the 
result concluded by the principal component analysis. To a 

certain extent, it shows that this analysis is reasonable.    
It analyzes the scientific and technological capacity of 

Gansu, which ranks 24th among 30 provinces, cities and 
districts in China, ranks 6th among 11 western provinces 

and 3rd among 5 northwest provinces. No matter in China, 

western areas or northwestern areas, the scientific and 
technological capacity of Gansu is at the lower level. 

There is a large gap between Gansu and advanced areas. 
Undoubtedly, such a gap originates from influence of 

science and technology input and innovative environment. 
However, the most important reason is that the enterprises ’ 

technological innovation capacity is too poor (ranking 24th 

in China). Of indicators affecting the enterprise’s 
technological innovation capacity, Gansu has no 

advantages in the following aspects: full-time equivalent of 
medium and large industrial enterprises ’ R&D personnel, 

R&D expenditure, and quantity of new product item, 

quantity of patent application and output value of new 

product.    

V. COUNTERMEASURES AND SUGGESTIONS 

In order to improve the scientific and technological 

innovation capacity of Gansu, shorten its gap with 

developed areas and realize the great-leap-forward  
development of Gansu, this paper puts forward suggestions 

from 3 principal factors affecting regional scientific and 
technological innovation capacity: 

In the aspect of improving the enterprise’s 
technological innovation capacity, it must strengthen the 

principal status of enterprises. Scientific and technological 

input and output of medium and large-scale enterprises in 
Gansu lag far behind those of developed provinces in 

eastern areas. The government must create a good 
innovative environment, guide and support enterprises to 

increase the input in innovation through fiscal, taxation 
and police levels. More importantly, enterprises should 

strengthen the science technology and information 

communication, improve the quality of scientific research 
personnel, and increase the innovative efficiency and 

scientific technological output, so as to really enable 
enterprises to play the role of promoting the local science 

technology innovation. 
In the aspect of science technology input, enterprises 

need to strengthen communication and cooperation with 
local colleges and scientific research institutions, increase 

scientific and technological R&D personnel, increase 

research funds and improve the conversion rate of 
scientific and technological input, promote the effective 

industry-university-research integration.  
In the aspect of improving the scientific and 

technological innovative environment, the government 
should improve the infrastructure, accelerate the pace of 

constructing informatization, create good environment, 

spare no efforts to attract foreign investments, positively 
expand foreign trades, and strengthen communication and 

cooperation outside Gansu.   

VI. CONCLUSIONS 

Regional technological innovation capacity is an 
important factor to affect the local economy, especially the 

industrial economy and hi-tech industry, and the core and 
impetus for regional economic development. By the 

integration of principal component analysis and cluster 
analysis, it evaluates the scientific and technological 

innovation capacity of 30 provinces, cities and districts in 

China mainland. Conclusion of this paper basically 
conforms to the reality, which shows it is reasonable and 

feasible to apply such a method to evaluate the mult i-
indicator variable problem. The deficiency of this paper 

lies in that, while constructing the evaluation indicator 
system, it just selects quantitative indicators, but neglects 

the influence of qualitative indicators on the regional 

scientific and technological innovation capacity. Thus it 
needs to be improved.  
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