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Abstract—Scientific evaluation of the innovation performance of regional high-tech industry has an
important impact on promoting the healthy development of high-tech industry and promoting regional
economic growth. On the basis of constructing the index system of regional high-tech industry innovation
performance evaluation, the index weight is determined based on the entropy weight method, and the gray
correlation analysis method is used to evaluate and rank the regional high-tech industry innovation
performance. The results show that there is a large gap in the innovation performance level of regional hightech industries in China, and the innovation performance level of coastal areas is higher, such as Guangdong,
Jiangsu, Zhejiang and other provinces; the innovation performance level of western areas is lower, such as
inner Ningxia, Xinjiang, Qinghai and other provinces. The evaluation result of this method is scientific and
objective, and it has a good effect in high-tech industry innovation performance evaluation. The conclusion
of this paper can provide corresponding enlightenment for the innovation activities of regional high-tech
industries in China.
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Introduction

High tech industry is the strategic leading industry of
China's economy, which plays an important role in
promoting the upgrading of industrial structure and the
transformation of economic growth mode. The
development level of high-tech industry is related to the
comprehensive competitiveness of a country or region.
In recent years, China's high-tech industry has developed
rapidly and made great contributions to the development
of China's economy. However, with the rapid
development of high-tech industry, there are also many
problems, such as the unbalanced regional development
of high-tech industry, and there is still a big gap with
developed countries in terms of technology level and
technological innovation efficiency. As high-tech
industry has the characteristics of technology and
knowledge concentration, less consumption of resources
and so on, the performance of technological innovation
plays a more important role in guiding the development
of industry, and also determines the overall development
level of high-tech industry in various regions. Therefore,
how to evaluate the innovation performance of regional
high-tech industry scientifically and effectively is of
great significance to the healthy development of regional
high-tech industry.
Li Shoulin and others used the grey relation analysis
and TOPSIS method to evaluate the innovation
performance of listed logistics enterprises, analyzed the
difference and weight of different enterprises in different

indexes by entropy method, analyzed the correlation
degree of each index and optimal value, and the
performance of each enterprise under the two evaluation
systems; Cao Yanling uses the weighted grey entropy
correlation degree to replace the Euclidean distance
measurement method in the ideal solution method,
solves the problem that the abnormal value has a great
influence on the evaluation result and the evaluation
result changes with the grey correlation parameter, and
gives an ideal solution method based on the weighted
grey entropy correlation degree; Zhang Yong'an and
others take the subordinate industry of high-tech
manufacturing industry as the research object, and
combines the entropy method to determine the
investment index weight. The contribution degree of
each innovation input factor to output is studied in depth
by using grey relation analysis method; Sui Jun and
others use grey relation analysis to empirically study the
influencing factors of technology transfer of
multinational companies on innovation performance of
green innovation system of manufacturing industry in
China; Liu Mingguang and others use grey relation
analysis in grey system theory. In order to eliminate the
influence of subjective factors and take full account of
the inherent information of the evaluation matrix, the
weight of each evaluation index is determined by using
the approach ideal point method; Gao Changyuan and
others set up the performance evaluation index system of
knowledge innovation in high-tech virtual industry
cluster By analyzing the types and levels of knowledge
innovation, combined with the method of grey

lipeizhe713@163.com

*

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 214, 02049 (2020)
EBLDM 2020

https://doi.org/10.1051/e3sconf/202021402049

correlation analysis, constructed the performance
evaluation model of cluster knowledge.
At present, researchers mainly from the construction
of innovation index system, the selection of evaluation
methods and so on. However, in general, the research on
technological innovation performance is mainly
concentrated on the industry and enterprise level. There
are relatively few studies on the evaluation of regional
high-tech industry innovation performance, and the
construction of indicator system is not perfect, and the
indicators involve too many areas and quantities, which
is feasible for the evaluation of individual enterprises or
some industries, but for the evaluation of high-tech
industry innovation in different regions In terms of
ability, some index data are difficult to obtain and are
not feasible; some evaluation methods selected in the
study are subjective, and the weight determination of the
index contains larger subjective factors, and the
evaluation methods need to be further optimized; the
research on the differences in the performance of
technological innovation in provincial high-tech
industries is not deep enough. It makes the high-tech
industry development planning and decision-making in
many areas have certain blindness. In view of this, based
on the research of scholars at home and abroad, this
paper determines the index weight based on entropy
weight method, and evaluates and ranks the innovation
performance of regional high-tech industry by using grey
correlation analysis method, and measures the regional
innovation performance level of high-tech industry in
China in recent years. To a certain extent, this study
makes up for the deficiencies of the current research on
technological innovation performance of high-tech
industry, which can provide the basis for the formulation
of relevant development policies of the government.
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reasonable, avoiding the subjectivity of weight
determination to a certain extent.
The specific steps of entropy weight method are as
follows:
(1) Data standardization
Standardize the data of each index
Suppose k indexes X 1 , X 2 , X k , are given, where

X i   x1 , x2 , xn  . Assuming that the standardized

value of each indicator data is Y1 , Y2 ,Yk , then:

Yi 

xij  min  xi 

max  xi   min  xi 

（1）

(2) Find the information entropy of each index
According to the definition of information entropy in
information theory, the information entropy of a group
of data is:

E j   ln  n 
Among them,

1

n

p
i 1

ij

ln pij

（2）

n

pij  Yij /  Yij , represents the
i 1

contribution of the i scheme under the j attribute.
(3) Determine the weight of each index
According to the formula of information entropy, the
information entropy of each index is calculated. Then the
weight of each attribute is:
d
（3）
Wj  n j
dj
j 1

Among them, d j  1  E j
2.2 Grey relation analysis

Research theory and method

Grey theory is to establish the relationship between
many factors in order to solve practical problems. It is
necessary to distinguish the close factors of some fuzzy
relations and find out the main characteristics and
relations of these factors. Grey relation analysis is the
main method in grey system theory, which aims to
analyze the relation degree of various factors in the
system. In this study, the gray correlation method is used
to analyze, calculate the degree of relevance between the
research object and the influencing factors of the object
to be identified, and then analyze and determine the
degree of influence between the factors or the
contribution of the factors to the main behavior of the
system through the degree of relevance. If the trends of
the two factors are consistent, that is, the degree of
synchronous change is high, the correlation between
them is high, and vice versa. This method is also
applicable to the number of samples and the regularity of
samples, and the results are in good agreement with the
actual situation.
The specific steps of grey relation analysis are as
follows:
(1) Determine the dependent variable reference
sequence reflecting the system behavior and the

Based on the entropy weight method, this paper
determines the index weight, and uses the gray
correlation analysis method to evaluate and rank the
innovation performance of regional high-tech industry,
and measures the regional innovation performance level
of China's high-tech industry in recent years.
2.1 Entropy weight method
The methods to determine the index weight include
subjective weight method and objective weight method.
The subjective weight method includes expert scoring
method, Delphi method, analytic hierarchy process, etc.
The objective weight method includes principal
component analysis method and entropy weight method,
etc. Entropy weight method can use the inherent
information of each scheme in the evaluation, and get the
information entropy of each index through entropy value
method. The smaller the information entropy is, the
lower the degree of information disorder is, the greater
the utility value of information is, and the greater the
weight of index is. Entropy weight method makes the
determination of index weight more objective and
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3

independent variable comparison sequence influencing
the system behavior
The reference sequence of dependent variable is:

X0 k 

X 1 , X  2  , , X  n  , k

0

0

0

3.1 Data sources

1, 2, , n

The data of this paper comes from the China Science and
Technology Statistical Yearbook (2018) and China high
tech Industry Statistical Yearbook (2018). The data of 30
provinces (cities, autonomous regions) in China are
selected for analysis. Some data in Tibet are unavailable
and are not listed temporarily.

（4）

n is the length index of the sequence.
The comparison sequence of independent variables is:
X 1 , X  2  ,, X  n  , i



Xi k 

i

i

i

1, 2, , m

（5）

3.2 Index selection

M is the number of comparison sequences.
(2) Dimensionless processing of reference sequence
and comparison sequence
Due to the different physical meanings of the factors
in the system, the dimensions of the data are not
necessarily the same, which is not easy to compare, or it
is difficult to get the correct conclusion when comparing.
Therefore, in the process of grey correlation analysis, the
dimensionless data processing is generally needed. The
method includes initial value method, mean value
method, etc. in this paper, the number series are basically
monotonic, so the initial value method is used. The
calculation formula is:

xi  k   X i  k  / X i 1
(3) Calculation of correlation coefficient
The grey correlation coefficient formula is:
i  k  

Due to the high technology content and complex
innovation process of high-tech industry, the impact on
its innovation performance involves many factors. The
selected indicators should reflect the innovation ability
of high-tech industry as much as possible. Refer to the
relevant research of domestic and foreign scholars on the
indicator system, select the following innovation
performance indicators, as shown in Table 1:
TABLE I. PERFORMANCE EVALUATION INDEX OF REGIONAL HIGHTECH INDUSTRY INNOVATION

（6）

min min x0  k   xi  k    max max x0  k   xi  k 
i

j

i

j

x0  k   xi  k    max max x0  k   xi  k 
i

j

（7）
In the formula,    0,   , is the resolution
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coefficient, whose main function is to improve the
difference between values. The smaller it is, the greater
the resolution of the coefficient is, generally 0.5.
(4) Calculate relevance
The method of arithmetic average is used to calculate
the grey correlation degree, and the formula is as follows:
1 n
（8）
r0i    i  k 
n k 1

of the

i scheme:
r '0i 

1 n
 W j i  k 
n k 1

The grey correlation degree

Index
number

Evaluating indicator

a1

Profit

a2

New product sales revenue

a3

Number of patent applications for invention

a4

R & D personnel equivalent to full time
equivalent

a5

Internal expenditure of R & D funds

Empirical analysis

According to the five index variables of innovation
performance of 30 provincial high-tech industries in
China, based on the relevant data of high-tech industries
in 2018, this paper uses entropy weight method to
determine the index weight, and uses grey correlation
analysis method to evaluate and rank the level of
innovation performance of regional high-tech industries.

(5) Calculate weighted correlation
According to the weight W j obtained by the above
entropy weight method, the grey correlation degree

Data source and index selection

4.1 Determine index weight
According to the original data of the index, the weight of
each index is calculated by entropy method. First, the
original data is standardized. Then calculate the
information entropy of each index.
(1) Find the information entropy of each index
According to the formula of information entropy, it is
concluded that:
E j   0.80, 0.69, 0.65, 0.72, 0.74 

r '0i

（9）

r '0i indicates the

correlation degree between the scheme and the optimal
reference sequence. The greater the grey correlation
degree is, the closer the scheme and the optimal ideal
value are, the stronger the competitiveness is.

(2) Determine the weight of each index
According to the index weight formula, calculate the
weight of each attribute, as shown in Table 2:
TABLE II. INDEX WEIGHT OF REGIONAL HIGH-TECH INDUSTRY
INNOVATION PERFORMANCE EVALUATION
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Index
number

Evaluating indicator

weight

a1

Profit

0.14

a2

New product sales revenue

0.22

a3

Number of patent applications for
invention

0.25

a4

R & D personnel equivalent to full time
equivalent

0.20

a5

Internal expenditure of R & D funds

0.19

i  k 

W j   0.14, 0.22, 0.25, 0.20, 0.19 

0.353

0.3451 0.3371
0.3388 0.3358
0.335 0.3337
0.3353 0.3337
0.3392 0.3388
0.3345 0.3346
0.3335 0.334






0.3511 0.3619 

0.344 0.3471
0.3414 0.3419 

0.3355 0.3358 
0.3341 0.335 

0.3404 0.3414 
0.3353 0.335 

0.3349 0.3343 








TABLE III. WEIGHTED RELEVANCE AND RANKING OF INNOVATION
PERFORMANCE OF REGIONAL HIGH-TECH INDUSTRIES

4.2 Grey relation analysis
(1) Determine reference sequence
First of all, the reference series reflecting the
characteristics of the system behavior and the
comparison series influencing the system behavior are
determined. Since the regional advanced industry
innovation performance evaluation indicators are all
positive indicators, the maximum value of each indicator
is selected as the reference sequence. Namely:
X 0  k   2324, 208509696,59216, 286010,11247028
(2) Dimensionless index
Secondly, due to the different physical meanings of
the factors in the system, the dimensions of the data are
not necessarily the same, which is not easy to compare.
Therefore, dimensionless processing is generally
required in the analysis. The dimensionless method is the
initial value method, and part of the data after
dimensionless processing are:

xi  k 

0.3562

(4) Calculate weighted correlation
According to the index weight determined by entropy
weight method and combined with grey correlation
coefficient, the weighted correlation degree and ranking
of regional high-tech industry innovation performance in
China are calculated, as shown in Table 3:

As can be seen from table 2, the weight of innovation
performance evaluation index of high-tech industry is:

 0.1711

0.0670
0.0535

0.0262
0.0088
 
0.1049
0.0605

0.0189




 0.376

0.3487
0.3454

 0.339
 0.3351
 
 0.3581
0.3471

0.3373




0.0973 0.0847 0.0769 0.1193 

0.0520 0.0181 0.0474 0.0606 
0.0252 0.0121 0.0366 0.0388 

0.0087 0.0028 0.0108 0.0120 
0.0101 0.0026 0.0046 0.0087 

0.0270 0.0255 0.0323 0.0367 
0.0065 0.0070 0.0097 0.0086 

0.0019 0.0039 0.0084 0.0053 












(3) Calculation of grey correlation coefficient
According to the correlation formula of grey
correlation analysis, the grey correlation coefficient is
calculated. Because of the length, only some grey
correlation coefficients are listed here:

Region

Weighted relevance

Ranking

Guangdong

1

1

Jiangsu

0.5789

2

Zhejiang

0.497

3

Shandong

0.4848

4

Fujian

0.4699

5

Beijing

0.4664

6

Sichuan

0.4661

7

Henan

0.4647

8

Shanghai

0.4646

9

Hubei

0.464

10

Anhui

0.4613

11

Jiangxi

0.4582

12

Hunan

0.4577

13

Shaanxi

0.456

14

Chongqing

0.4557

15

Tianjin

0.4537

16

Liaoning

0.453

17

Hebei

0.4506

18

Guizhou

0.4479

19

Jilin

0.4478

20

Guangxi

0.447

21

Yunnan

0.447

22

Shanxi

0.4465

23

Heilongjiang

0.4457

24

Gansu

0.4456

25

Inner Mongolia

0.4455

26

Hainan

0.4452

27

Ningxia

0.445

28

Xinjiang

0.445

29

Qinghai

0.4446

30

It can be seen from table 3 that by calculating the
weighted grey correlation degree of regional high-tech
industry in China, it is found that Guangdong, Jiangsu,
Zhejiang, Shandong and Fujian are ranked in the top five
provinces, indicating that the level of innovation
performance in these provinces is relatively high,
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especially in Guangdong Province, which is significantly
higher than other provinces. The innovation performance
level of high-tech industry in Inner Mongolia, Hainan,
Ningxia, Xinjiang, Qinghai and other provinces is
relatively low, which is closely related to the
geographical location of these regions and the
foundation of high-tech industry.

5

Applying the grey relation analysis to the evaluation
of innovation performance of regional high-tech industry,
we can combine the quantitative and qualitative methods,
aiming at a large number of uncertain factors and their
interrelations, so that the original complex problems
become more clear and simple, and the calculation is
convenient, and the subjectivity of decision-makers can
be excluded to a certain extent, and the conclusions are
relatively objective, with certain participation Test the
value. With the development and transformation of
China's economy, the competition of high-tech industry
is becoming more and more fierce. Nowadays, the
competition of high-tech industry is essentially the
competition of scientific and technological innovation.
Only by continuously improving the level of regional
high-tech industry innovation, can we truly form
industrial advantages and promote the rapid and healthy
development of China's high-tech industry.

Introduction

In this paper, the evaluation index system of innovation
performance of regional high-tech industry is
constructed, and the comprehensive evaluation of
innovation performance level of regional high-tech
industry in China is carried out by using the method of
grey correlation analysis. The results show that there is a
big gap in the innovation performance level of regional
high-tech industries in China. The innovation
performance level of eastern coastal areas is higher than
that of western areas. Due to the weak foundation of
high-tech industry and the difficulty of introducing
scientific and technological talents, the overall
innovation performance level in the western region is
relatively low.
In view of the above conclusions, the following
suggestions are put forward:
(1) Increase R&D investment. The complexity and
innovation of high-tech industry is high, and a very
important factor of technological innovation is the
investment of scientific research funds, especially in the
growing enterprises, which need a lot of funds for
innovation, and the lack of funds is often the main
obstacle to the growth and development of high-tech
enterprises. Therefore, high-tech enterprises should
continue to increase the investment of scientific research
funds on the basis of fully considering the cost of
enterprises At the same time, we should explore multichannel fund-raising mechanism and technology talent
introduction mechanism to lay a solid foundation for the
rapid growth of enterprises.
(2) We will improve policy support and science and
technology services. The government should create a
good environment for the growth and development of the
high-tech industry in various ways, such as constantly
improving the rules and regulations of the high-tech
industry innovation, providing policy guarantee for the
industrial development; reducing the cost of the
enterprise's technological innovation, improving the
enthusiasm of the enterprise's technological innovation,
and promoting the collaborative cooperation of the
innovation subjects through tax preference and policy
support; and it can improve the feedback speed and
efficiency of information, promote the knowledge
exchange and sharing within the system, and build a
bridge for innovation cooperation among innovation
subjects by establishing the innovation information
service platform of high-tech industry, which plays an
important role in promoting the overall innovation level
of high-tech industry and promoting the rapid growth of
industry.
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