
 
 
 
 

 CHEMICAL ENGINEERING   TRANSACTIONS
 

VOL. 46, 2015 

A publication of 

 
The Italian Association 

of Chemical Engineering 
Online at www.aidic.it/cet 

Guest Editors: Peiyu Ren, Yancang Li, Huiping Song 
Copyright © 2015, AIDIC Servizi S.r.l., 
ISBN 978-88-95608-37-2; ISSN 2283-9216                                        
 

Research on Enterprise Innovation Performance Based on 
DEA and SNA 

Minzhou Lia, b, Xiaomin Gua, Yuanjun Zhao*a 

a Glorious Sun School of Business and Management, Donghua University, Shanghai, 200051, China, 
b Songjiang Campus Shanghai Open University. 
zyj2090834@163.com 

Affected by the national policy and macro economic environment, the domestic large enterprises actively 
promote strategic transformation to enhance the core competitiveness. Evaluation of the innovation 
performance of the enterprise, this article studies is focused on introducing the basic theory of social network 
analysis, Based on data envelopment analysis (DEA) was improved, this paper selected 52 manufacturing 
listed companies as the research object, using DEA and SNA method for manufacturing the innovation 
performance of listed companies in 2015 were analyzed. 

1. Introduction 

Enterprise innovation activities are to shift production and application of an organizational knowledge creation 
process, Bernini (2013) reported that also bring science and technology management methods and the 
innovation of social and political system. Our country enterprise innovation resources and strength are 
increased, Clement (2011) reported that the number of national economy and national comprehensive 
competitive ability also constantly improve, make our country in the world political and economic status 
continues to rise. 
A country's science and technology innovation and innovation activities of big companies have close ties. 
Jahanshahloo (2015) reported that Affected by the national policy and macro economic environment, actively 
promote the strategic transformation of China's enterprises to enhance the core competitiveness, Corporate 
R&D spending, practitioners in the number of R&D personnel, staff education and training for enterprise. 
To the enterprise innovation performance, help enterprises to grasp the evaluation itself and the status of the 
industry innovation, Omarsson (2012) reported that enterprise managers find innovation problems and reasons, 
further improve the way of enterprise innovation, Ramalho (2010) reported that Macroeconomic research 
department as well as to country and understand the development of the enterprise innovation path. 

2. Theoretical review 

2.1 The basic principle and mode of DEA 

In 1978, by the American scholar Charnes-Cooper etc. Put forward the concept of data envelopment analysis 
has been more than 20 years. It is to have multiple outputs as decision unit, the application of mathematical 
programming model to evaluate the relative effectiveness of decision making units. Since chames waiting C2R 
of DEA model, this kind of the production frontier is constructed to unit relative efficiency evaluation method has 
received the widespread attention, and obtained the rapid development. This article mainly involves C2R, 
C2GS2 two models. The following will detail the two models. 

2.1.1 C2R Model 

Suppose there are n department or unit (Called decision making units DMU), each decision making unit (DMUj) 

has m kinds of input and output, S corresponding vector, respectively. 
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C2R Modeling Notation 

For the first j a decision-making unit efficiency of DMU has a corresponding evaluation index: 
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(1-1) 

For the linear planning objectives, Set for constraint conditions is hj, and j=1,2…n, which Make up the appraisal 

DMUj optimization model (C2R for short). 
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(1-2) 

Among them, the m  kind of input power coefficient is  1 2, ,... T

mV v v v , s  kind of input power coefficient 

is  1 2, ,... T

sU v v v .From fraction by Chames a Cooper transform formula (formula 1-2) can be 

transformed into equivalent linear programming model (formula1-3) (formula1-4). 
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Charnes-Cooper also introduces the Archimedes infinitesimal, using the dual model is established of formula to 
determine the effectiveness of decision making units. Set   is A less than any positive number (i.e., the 
Archimedes dimensionless) and greater than zero, the DEA model can be converted to 
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Its dual planning for 
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(1-6) 

In this formula,    1,1, ...,1 , 1,1, ...,1


   T m T se E e E , 
 S and S  are Slack and remaining 

variables respectively, m and s  dimension Column vector respectively. jX , jY  are respectively the first 

j  a decision-making unit
jDM U  set of input and output indicators. 

2.1.2 C2GS model 

C2R model judgment on the decision making units in technology and scale effectively at the same time. But in 
some practical application of DEA method, Due to the input and output indicators for variables, through the 
relative efficiency may be optimized by the n times because of irrelevant to the actual weight or some weight to 
0, which led to the error of judgment. But decision-making unit quantity is large. Therefore, we need further 
analysis to eliminate the scale under the influence of the relative effectiveness of analysis. C2GS2 is based on 
the C2R model which only considering the effectiveness of the model, the corresponding linear programming as 
follow, 
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3. Based on social network analysis to discriminate DEA analysis 

3.1 The basic idea 

Each area as individual network, namely basic network nodes, For R&D input and output unit can be used as 
an effective area of effective area of the reference object (learning), the corresponding weight coefficient of 
index factor into the value as the weight of the node. Again through the integrated computation of weights, 
finally get to regional unit as a network node adjacency matrix, by eigenvector center degree value of sorting 
the sorting of the regional R&D performance, because the center degree value can reflect the impact area unit 
in the network. 

3.2 Analyse process 

Using social network analysis method of basic network DEA analysis, the main computational steps are as 
follows: 
The first step: to calculate the relative effectiveness of DEA specifications for all decision-making units. 
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(1-8)  

The second step: the standardization of k under the condition of DEA segment, smaller effective organization, 
on the input and output size is usually small, therefore the effective unit of relatively large and easy to get a 
higher value. 
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Similarly, in DEA detailed t  
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The third step, create the base network, 
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The fourth step is to calculate the characteristics of the network node vector concentration, 

c  j k ij jI A I  
(1-13) 

4. Empirical Analysis 

4.1 Data Sources 

Data in this paper mainly has 52 manufacturing listed companies in 2012 the number of R&D funds R&D 
intensity of R&D personnel enterprise R&D personnel accounted for the total number of employees than the 
year-on-year growth rate of sales revenue enterprise patent number on the overall Labor productivity profit total 
asset-liability ratio, Focusing on automobile appliance pharmaceutical industry, three samples of more than 30 
cars home appliance enterprises all the specific conditions of the pharmaceutical industry in DEA analysis 
section. 

4.2 DEA analysis 

Enterprise independent innovation is a complicated process, to establish the evaluation index system is the 
foundation of scientific evaluation system for performance evaluation of enterprise innovation which can 
specifically to quantitatively analyze the innovation performance. 

Table 1: Performance evaluation of listed enterprise innovation 

Company Type Descriptive Index Combined efficiency Pure technical performance Scale performance

Home appliance 

max 0.09 0.36 0.25 

min 1 1 1 

average 0.55 0.75 0.66 

medical 

max 0.06 0.2 0.22 

min 1 1 1 

average 0.41 0.6 0.66 

car 

max 0.14 0.5 0.17 

min 1 1 1 

average 0.4 0.8 0.48 

 
The comprehensive efficiency of pure technical efficiency and scale efficiency of the enterprise comprehensive 
analysis of the overall study of the causes of enterprise innovation efficiency is low, pure technical efficiency is 
not lower than the scale efficiency of enterprise has 41 Therefore, as a whole, 2014 listed companies 
innovation efficiency is low, mainly due to low scale efficiency. 

5. Results and Conclusion 

According to the results of DEA analysis, in 2012 the innovation performance of listed companies in our country 
as a whole is low The comprehensive efficiency innovation good or better accounted for only 25% of the total, 
achieve DEA efficient enterprises only 11, 21.5% of the total it shows that the enterprise resource allocation 
ability resources use efficiency there is a big problem Comprehensive efficiency of the pharmaceutical industry 
and automobile industry average at around 0.4, DEA efficient enterprise less, furthermore, the enterprise 
production efficiency due to technical factors, namely each decision-making unit inputs in optimal scale has a 
better production efficiency So overall high pure technical efficiency of listed companies in our country. 
According to the above conclusions, in order to promote the innovation efficiency of large enterprises in our 
country, from the industry and enterprise three levels of government, should give full play to the functions of the 
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government, clear the government positioning, establish the market position, give full play to the function and 
role of market economy to actively support the innovation of the enterprise research and development, form 
industry level also need to change the development mode actively, take concrete and effective policies and 
measures to enhance the support of an application for a patent for new drug research and development and, 
forming a batch of internationally competitive high-tech. 
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