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Abstract!

Since the 21st century, with the further development of globalization, innovation resources 
came into an open innovation era. Innovation resources can flow freely in a global scale. In 
the process of flow, innovation resources agglomeration in some cities, makes these cities 
become the global science and technology innovation center. Innovation has become the most 
important source of competitive advantage, and building innovative capacity can provide a 
strong impetus for the comprehensive competitiveness and economic prosperity (Porter & 
Stern, 2001). Innovation resources agglomeration makes innovation happen continuously, 
thus makes the global science and technology innovation center becomes the new engine and 
important support of national comprehensive strength. After two major industrial structure 
shift, the traditional development advantages are vanishing. The current economic growth of 
Shanghai is below the national average; the traditional development advantage is gradually 
weakening. At the same time, China's economy is faced with an L-shaped recession (Lei, 
2016). Therefore, to become the global science and technology innovation center is not only 
necessary for Shanghai’s own transformation and development, but also accordance with the 
national development strategy. The aim of the Chinese government is to preliminarily 
finishes the work of develop Shanghai into the global science and technology innovation 
center during the period of 13th Five-Year Development Plan1 (from 2016 to 2020). Improve 
the innovation resources agglomeration capacity of Shanghai, and maximum accumulate 
innovation resources is the key to success. 

The existing studies have shown that innovation resources agglomeration has the 
characteristic of self-organizing, and there is the Matthew effect in this process: the better the 
innovation foundation, the more obvious the agglomeration effect, and vice versa. This 
research will from the perspective of the innovation system theory, using DEA method to 
study the R&D resources utilization efficiency of Shanghai’s industrial enterprises above 
designated size, demonstrates the deficiencies of Shanghai’s innovation resources 
agglomeration foundation, and put forward suggestions for improvement. 

Keywords: Innovation resources agglomeration; R&D resource allocation; DEA; industrial 
enterprise        

 

 

 
 

 

 

 

 

                                                
1 The thirteenth five-year national economic and social developments plan of the People's Republic of China. The five-year 
plan is an important part of the plan for national economy in China. 
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Introduction 
In this chapter, a short description of the area of this research such as background, problem 
discussion, and the research purpose, will be presented.  

1.1 Background!
Since the 21st century, “globalization 4.0” is causing a new revolution (Yu, 2014). The sixth 
international transfer of innovation resources in human history sparked a new wave of S&T 
(science and technology) innovation (Debin, 2015). Due to the rapid development of Asian 
economy, the world’s economic center of gravity (WECG) is transferring to the east, this 
gradually establishing the hub position of Asia in the global production network (Quah, 2011). 
Global innovation resources present a new trend of systemic transfer eastward. Under the 
international background, a new batch of global science and technology innovation center 
will bound to be born in Asia (Debin, 2014). The results of KPMG’s Global Technology 
Innovation Insights – 2014/2015 said that in addition to the Silicon Valley, among the five 
cities that most likely to become the new hub of global science and technology innovation, 
China has two seats, and Shanghai ranks third. As Asia’s largest country, China has abundant 
resources and broad market, in future, China will undoubtedly become the cradle of a new 
batch of S&T innovation center in Asia (Debin, 2015). 

Since The Reform and Opening-up 2  in 1978, there are two growth periods in China’s 
economic development history (Ifeng Finance, 2016) 3 : the first period is relying on 
manufacturing and exports, in this stage, while the market force was increase, the investment 
of state-owned enterprises and the local government was weakened. The second growth 
period was begun around 2000; urbanization and real estate became the new growth engine. 
In the second stage, the local government, state-owned enterprises gradually become the main 
body of investment. The problem of excess production capacity China facing today is mainly 
formed in this stage. This problem is come from the administrative power, rather than market 
forces. 

In 2008, amid the international financial crisis, in order to maintain the economic growth rate, 
some macro-control policies have been adopted by the Chinese government, such as: pro-
active fiscal policy, government investment policy, and prudent monetary policy (Lei, 2016)4. 
Although these policies were effective in a certain period, but with the diminishing marginal 
utility of macroeconomic regulatory, after the GDP growth rate reached 12.1% in the first 

                                                
2 The Third Plenary Session of the CPC 11th Central Committee held at the end of 1978 represented a great turning point of 
profound significance in the history of New China. Since 1979, China has pursued a policy of reform and opening to the 
outside world, a policy that was initiated by Deng Xiaoping. Major efforts have been made to readjust the economic 
structure, and reform the economic and political systems. China is, step by step, establishing a road with Chinese 
characteristics, a road that will lead to socialist modernization. 
Great changes have come about in China since 1979. The situation in the country is the best ever, and the people are 
enjoying more material benefits than ever before. 
3 http://www.aiweibang.com/u/379 
4 http://finance.qq.com/a/20160204/033616.htm 
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quarter of 2010, it was continuing to fall. In the fourth quarter of 2015, the GDP growth rate 
fell to 6.8%5.  

 
Figure 1 GDP and its growth rate of China 2005-20156 

According to the latest official data, Chinese economy is not optimistic in 2016. From the 
macro-index, the leading macro-index “LiKeqiang” index7 presents the declining trend since 
2014 (Lei, 2016)8; in mid-December 2015 the manufacturing PMI was 49.7%9, it has already 
less than 50% for five consecutive months. From the aspects of domestic demand, the growth 
rate of real estate investment will continue to fall; the pressure of high inventory is obvious 
(China Index Academy, 2016). The manufacturing investment will continue to decline, and 
will led to the decline of enterprise profit. The infrastructure investment growth lack drive 
force, export downturn will continue10. For financial sector, the contribution of financial 
industry to economic growth is decrease (China Industry Investigate Website, 2016)11. In 
summary, China's economy will continue its downward trend in the short term, quarterly 
growth will be volatile, and the forecast of GDP in 2016 is around 6.5% (Guoguang, Luolin, 
& Jingwen, 2016). From the long-term perspective, China’s economic growth will experience 
a L-shaped stage (Chinadaily, 2016)12. 

In 2013, the Chinese government point out that China must accelerate the transformation of 
the growth pattern, and promote economic development by developing science and 

                                                
5 Data source: www.stats.gov.cn 
6 Data source: National Bureau of Statistics of China. 
7 LiKeqiang index was put forward by the British Magazine the Economist in 2010. The aim of this index is to evaluate 
China’s GDP growth. This index is consisting of three economic indicators: newly increase of industrial electricity 
consumption, newly growth of railway freight volume and newly increase of long-term bank loans. After launch, it was 
approved by many international agencies, such as Citigroup. 
8 Data source: http://finance.qq.com/a/20160204/033616.htm 
9 Data source: http://data.eastmoney.com/cjsj/pmi.html 
10 Literature source: http://www.dss.gov.cn/News_wenzhang.asp?ArticleID=378322 
11 http://www.cir.cn 
12 http://language.chinadaily.com.cn/2016-01/13/content_23071304.htm 
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technology (Jinping, 2013)13. In the future, the investment main bodies should no longer be 
the local government and state-owned enterprises; it should be the market force, in other 
worlds, enterprises (ibis). On January 26, 2016, The Leading Group for Financial and 
Economic Affairs 14  convened the 12th annual economic conference. At the meeting, 
President Xi Jinping emphasized the primary mission of China’s economy in 2016, and 
stressed that in order to provide a growth impetus for China’s further economic development, 
structural reform of the supply-side needs to be implemented. The basic thought of supply-
side structural reform is to realize the overall matching of the quality, structure and level of 
product (service) on both sides: supply side and demand side in a well-functioning market. 
Buyers (demand side) can buy what he needs at the suitable price; Seller (supply-side) can 
sell its products (service) with appropriate profit (Yuanchun, 2016). This thought was 
originated from the supply side economics (Hui, 2016). The supply-side economics advocate 
reduces marginal tax rates, strengthen market regulation, relax government restrictions, 
reduce spending on welfare, etc. Realize economic equilibrium by adjusting the supply 
(Lucas, 1990). In 1965, after 15 years’ average growth of 6.6%, the German economic 
growth rate began to slow, the German government refused to slow down, and increasing 
financial investment, this action lead to the institutional and structural problems of Germany 
in the early 80’s. Main symptoms for these problems are: years of deficit, debt accumulated 
and greatly limits the space of counter-cyclical fiscal expenditure to stimulate the economy. 
In 1982, Helmut Kohl served as the Chancellor of Germany. The economic policies of Kohl 
government were towards the supply side, and implement the supply-side reform. After that, 
German economic fundamentals take a turn for the better, and achieve stable economic 
growth. During 1983-1989, the average GDP growth rate of Germany is 2.6%. The inflation 
was under control, residents' purchasing power increase; the trade deficit was reversed; 
monetary stability; the number of listed companies increased, capital market prosperity and 
development (Wenbo, 2016; Yue, Weiping, Ting, & Han, 2015; Guotai Junan Securities, 
2016)15. 

China's economic development has entered a "new normal"16 stage (Bin, Zhenyu, 2014). 
Combined with the current situation and the historical experience, the traditional way of 
development that depends on the element and resources consumption needs to be replaced by 
the S&T development to realize the sustainable and healthy development of national 
economy, and make it to the higher level and enter into better quality development stage 
(Shijin, 2014). 

On May 26, 2014, during his visit to Shanghai, Xijinping, general secretary of CPC Central 
Committee made an important speech. He said: nowadays, science and technology innovation 
has become a key support to improve the comprehensive national strength. As one of the 

                                                
13 Literature source: Communiqué of the Third Plenary Session of the 18th Central Committee of the CPC. 
14 The Leading Group for Financial and Economic Affairs is the core department of China’s economic leadership and 
decision-making. 
15 Literature source: http://news.hexun.com/2016-02-17/182287339.html; 
http://wallstreetcn.com/node/228093?_eva_refresh_dispatch_cache=1&preview=1; and 
http://finance.sina.com.cn/zl/management/2016-03-22/zl-ifxqnskh1102833.shtml 
16 The “new normal” has two components. The first is a lower rate of economic growth – this is plain reality. The second is 
a new model of growth that places less emphasis on investment and more on consumption, especially domestic consumption. 
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largest economic center city of China, Shanghai is very important for the nation’s overall 
development. Shanghai should continually improve its core competitiveness and take 
responsibility for be a pioneer in scientific development. On March 13, 2015, the 
Communiqué of The CPC Central Committee and State Council was published by Chinese 
government. The communiqué emphasized that the contribution of S&T progress to the 
development of economy need to be enhanced; and the policy and institutional environment 
that encourage innovation should be built. In responsible to the communiqué, in April 2015, 
Shanghai Municipal Government published a communiqué: the advices to speed up the 
construction of global science and technology center. The communiqué points out that the 
short-term goal of Shanghai is to build the basic framework of global science and technology 
innovation center before 2020. The long-term goal is to become an open comprehensive 
science and technology innovation center. This means to become a city with high 
agglomeration degree of innovative talents, science and technology elements and innovative 
enterprise; a city that can generate a large number of innovative outcomes; a city with 
completed science and technology infrastructure and service system. The government was 
aimed to develop Shanghai into the world’s innovation hub that has a certain influence in the 
global innovation network (Research team of the Development Research Center of Shanghai 
Municipal People’s Government, 2015). 

Blue Book of Urban Competitiveness: China City Competitiveness Report No.1317 point out 
that the comprehensive competitiveness index of Shanghai ranked third in 2014, and it is the 
city rise most quickly of this index since 2013. As the constructing hub of the international, 
economic, financial trade and shipping of China, Shanghai has centralized a large amount of 
innovation resources because of its superior geographical position, and become one of the 
most active region of China’s innovation activities, at the same time have a certain 
international influence (Debin, 2015). By 2015, in terms of S&T personnel, the total number 
of talent resource of Shanghai is 4.138 million; in terms of universities and research 
institutions, Shanghai has 13 key universities and 275 key laboratories. In terms of patent 
ownership, by 2012, the number of effective invention patent is 40209, ranking second in 
China. In terms of high-tech infrastructure, Shanghai owns 10 high-tech parks18. Therefore, 
under the background of economic slowdown and urgent needs of transformation 
development 19  of China, Shanghai agglomerate innovation resources, improve the S&T 
innovation capacity, and develop into global S&D innovation center is not only necessary for 
Shanghai itself, but also the need for the strategy of national development (Research team of 
the Development Research Center of Shanghai Municipal People’s Government, 2015). 
Under this circumstances, the study of improving innovation resources accumulation capacity 
of Shanghai is very necessary. 

                                                
17 Blue Book of Urban Competitiveness was released by the Chinese Academy of Social Sciences (CASS), is the annual 
report on urban competitiveness. 
18 Data source: Statistical Yearbook of China. National Bureau of Statistic of People’s Republic of China. 
19 The transformation development means change the way of economic development. Shift from rely on the secondary 
industry to the synergy of the primary industry, the secondary industry and the service industry; shift from rely on invest to 
the synergy of invest, consumption and export; shift from rely on increase the material resources consumption to rely on 
scientific and technological progress, improve the quality of workers, and management innovation. 
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However, at the same time we must also recognize that compared with the developed 
countries, the agglomeration of innovation resources of emerging countries faced with more 
complex difficulties and obstacles (Yu, 2014). The low level of innovation resources 
agglomeration degree of Shanghai leads to a series of problems, such as weak independent 
innovation capacity, insufficient ability to cultivating innovative enterprise and deficient 
infrastructure and service system (Debin, 2015). There are series of bottlenecks and 
constraints for Shanghai to become the global science and technology center. Therefore, to 
study how to improve the innovation resources agglomeration capacity of Shanghai has an 
important practical significance. 

City is a collection of various resources, as the main body of economic activities; enterprise is 
not only the carrier of these resources, but also the transformer who transfer science and 
technology innovation outcomes into market products (services) (Solow, 1957). Innovation 
refers to the recombination of production factors (Schumpeter, 1934). This process can only 
be done by enterprise through market incentives (Bin, 2009). As the innovative leader and 
creator of wealth, innovative enterprises are not only the mark of global science and 
technology center, but also its engines (Debin, 2005.). 

According to the report Introducing the Thomson Reuter 2015 Top 100 Global Innovators 
published by Thomson Reuters, we do the following statistics of some innovation cities:  

City (Region) Country Number of Global 
Innovators 

Representative Firm 

New York United States 1 Bristol-Myers Squibb 
Company 

Seattle United States 1 Amazon 
Amsterdam Netherlands 1 Philips 

Seoul South Korea 2 LG Electronics, Samsung 
Electronics 

Paris France 4 Alcatel Lucent, Arkema 
San Francisco-San Jose United States 9 Avago Technologies, 

Google 
Tokyo Japan 19 CANON, Fujifilm 

Table 1 The Number of Top Global innovators in some Top Innovation Cities20 

Innovation resources are the knowledge production factor endowment refers to the inputs to 
the R&D activities (Hong & Guangyuan, 2014). This concept includes narrowly and 
generalized meaning. Narrowly innovation resources refer to the factor inputs in the 
innovation process, such as human resources, knowledge, skills etc. Except these factors, 
generalize innovation resources include the local industry, economy, policy environment and 
technical service system (Sen, 2008). Innovation resources agglomeration is an optimization 
and integration process happens with the regional industrial agglomeration, economic 
development and accumulates of the input innovation factors. In this process, the quality and 
quantity of innovation factors are continuously improving, base on the innovation subject, 
they promote the regional capacity of systematic knowledge production through the 

                                                
20 Data source: Thomson Reuters 2015 Top 100 Global Innovators. 
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knowledge production network generated from the cooperation between the innovation 
subject (Feiqiong & Sen, 2011; Feiqiong & Yin, 2009). Through research, scholars have 
pointed out that even in the era of globalization, knowledge production and technology 
spillovers are highly localized (Leydesdorff & Fritsch, 2006). This means that a region or a 
city can change the original technology state through innovation resource agglomeration, thus 
improve its core competence (Sen, 2008). Innovation resources agglomeration is the new 
field in localization knowledge production research (Feiqiong & Sen, 2011). It from the 
perspective of optimal allocation of innovation resources, introduced the system, culture and 
organizational factors of the new regional science into the regional systematic knowledge 
production research, to explain the regional innovation capacity and potential (Sen, 2008).  

In essence, the purpose of improve the innovation resources agglomeration capacity is for 
promote the innovation capacity of the city or region (Yu, 2014). Change the traditional way 
depends on the consumption of resources and factors, into innovation-driven development, 
and to realize the economic growth. A series of agencies and organizations was needed to 
participate in this process, including government, research institutions, investment 
organizations, and enterprises (Debin, 2015).        

The connotation of the innovation is very rich, as one kind of its connotation technological 
innovation has the most direct effect on the development of economy (Denison, 1962;). 
Enterprises plays a main role in the technological innovation process: they are the main 
power for the innovation input, the major contributor for the output of innovation and the 
leader of innovative cluster (Nathan, M., & Webber, C. 2007). According to 2thinknow’s 
report Innovation Cities Top 100 Index 2015, Shanghai ranks 20, but when measured by GDP, 
in Boorking’s report 300 Largest Metropolitan Economies 2013-2014, Shanghai ranks 93. 
This shows, although the absolute amount of innovation resources in Shanghai is enormous, 
but they are not fully used. The innovation resources agglomeration capacity of Shanghai is 
still insufficient; the capacity to transform innovation resources into economic growth needs 
to be improved (Research team of the Development Research Center of Shanghai Municipal 
People’s Government, 2015). 

1.2 Problem discussion 

(1) The transformation and upgrading of China’s economy urgently needs abundant 
innovation resources. 

In the past, China’s economic development was depended on labor-intensive industries, 
which is in the low-end of global value chain (Chen & De Lombaerde, 2013). Nowadays, 
with the rising labor costs and the consumption of resources, this way is unsustainable 
(Research team of the Development Research Center of Shanghai Municipal People’s 
Government, 2015). Therefore, the government offered to transform the pattern of economic 
development, implement the strategy of innovation-driven development (Research Group of 
Development Research Center of the State Council, & Wei, 2015). According to Porter's 
theory of national competitiveness, a country's economic development needs to go through 
four phase, they are: factor-driven phase, investment-driven phase, innovation-driven phase 



 7"

and wealth-driven phase (Porter, 2011). At present, China is in the period of transit from 
investment-driven phase to innovation-driven phase, and need to get plenty of innovation 
resources urgently (Debin, 2015). During 2008-2011, although the R&D input of China was 
rapid growth by an average rate of 29.1% (Yu, 2014), but due to the weak foundation, short 
development time and limited innovation resources accumulation, there are still some 
problems, such as low quality of innovation resources and low innovation resources per 
capita. 

Innovation resources cultivation is a process which need heavy investment, with high risk and 
long period (Sen, 2008). Just rely on the development of the domestic investment cannot 
meet the demands of China's economic and social development (Yongda, 2006). Therefore, 
how to conform to the trend of S&T globalization, use and agglomerate the innovation 
resources in the global range sufficiently, and promote the development of independent 
innovation capacity is the critical problem China is facing now (ibis).  

(2) Develop Shanghai into a global science and technology innovation center is the national 
strategic demands (Research team of the Development Research Center of Shanghai 
Municipal People’s Government, 2015). 

At present, China is faced with economic downturn (Guotai Junan Securities, 2016 ; the 
development model needs transformation, therefore, China needs strong scientific and 
technological innovation capacity 21 . But with problems such as weak technological 
innovation capacity and lack of core technology, the development of China’s independent 
innovation capacity is very slow (Huihao & Ping, 2014). Across the world, many countries 
and regions are in the process of building the global science and technology innovation center 
(Debin, 2015). In 2010, the British launched the national strategy of “Tech City”, planning to 
build east London into a world-class international technology center22; New York City made 
a grand blueprint to build itself into “Silicon Valley of East”, planning to become the leader 
of global science and technology innovation (Will, 2013)23. 

According to OECD (2012), in the competition of S&T, China has two big weaknesses: one 
is the lack of regional innovators like Silicon Valley; the other is the lack of world-class 
universities. From this perspective, we can say that through the high-end innovation resources 
agglomeration, to cultivate science and technology innovation center and regional innovator, 
thus to achieve industrial upgrading and improve S&T innovation capacity, is the key to 
grasp the opportunity in a new round of S&T revolution (Debin, 2015; Huihao & Ping, 2014; 
Tianjiao, 2015). 

Over the past 20 years, Shanghai made some achievements in its “four center”24 construction 
work, formed a certain foundation (Bin, 2009). As China's largest comprehensive economic 

                                                
21 Literature source: Communiqué of the Third Plenary Session of the 18th Central Committee of the CPC. 
22 Literature source: http://www.techcityuk.com 
23 Literature source: 
http://www.slate.com/articles/technology/the_next_silicon_valley/2013/12/new_york_city_tech_boom_how_it_became_the_
silicon_valley_of_the_east.html 
24 Four center represent: international financial center, international trade center, international shipping center and 
international economic center 
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center and the most important city of China's structural reform and opening-up, Shanghai 
should actively response to the national strategy, improve the capacity of innovation 
resources agglomeration, promote the independent innovation capacity, and accelerate the 
process of global science and technology innovation center construction (Research team of 
the Development Research Center of Shanghai Municipal People’s Government, 2015; 
Research Group of Development Research Center of the State Council, & Wei, 2015).  

(3) The innovation resources agglomeration capacity is not enough to meet the demands of 
develop Shanghai into global science and technology innovation center. 

For the construction of global science and technology innovation center, Shanghai’s main 
shortage is that the domestic enterprises lack of creativity; private enterprises are squeezed by 
state-owned enterprises and foreign enterprises, their innovation development space is very 
limited (Debin, 2015). Compared with other cities in China, such as Beijing and Shenzhen, 
Shanghai lack of enterprises with international influence and industry leadership (Wei & 
Xuan, 2015). At present, Shenzhen and Beijing have some famous innovation enterprises, for 
example Huawei, ZTE, Lenovo and Xiaomi, but Shanghai has not yet formed the industry 
leading innovation enterprise (Debin, 2015). In the “Top 10 Internet Firms of China 2014”, 
no listed companies located in Shanghai25. In the “Top 500 Private Enterprises of China” 
(2014), only 19 listed companies located in Shanghai, and they are all merchandising 
business, no industrial enterprise 26 . Industrial enterprise, especially the advanced 
manufacturing enterprise is the foundation of innovation development (Bin, 2008). The actual 
situation of Shanghai shows that industrial technology innovation and enterprise 
competitiveness is the main shortage and restriction of Shanghai to develop into global 
science and technology center (Wei & Xuan, 2015). 

Due to the high investment and high risk of technical research, most enterprises are not 
willing to invest in technological innovation, and preferring to introduce mature technology 
(Jian, Liping, & Jianguo, 2009). From the perspective of domestic, in the list Shanghai’s top 
100 enterprises published in 2014, the total R&D expenditures of 62 companies are 27.3 
billion Yuan, accounted for 0.8% of revenue. In contrast, Huawei’s R&D expenditures are 
273 billion Yuan in 2013, accounted for 12.8% of revenue. From the perspective of 
international, compared with the main cities and regions in Europe, the R&D expenditure 
intensity and R&D personnel input of Shanghai is relatively low. 

 

                                                
25 Literature source: http://www.cnbeta.com/articles/323333.htm 
26 Literature source: http://www.360doc.com/content/14/1013/18/642066_416621306.shtml 
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Figure 2 R&D inputs of Shanghai and some cities and regions27 

(Missing data: Midi-Pyrénées(France)’s R&D total personnel rate. Because some data are not 
available, here R&D expenditure intensity data are from 2013, R&D total personnel rate from 2011.) 

(4) Industrial enterprise is at the core position in the technological innovation system (Bin, 
2008). 

During the period of 12th five-year national economic and social developments plan (2011-
2015), the main development goal of Shanghai is “Innovation-driven and transformation 
development”28. As an essential part of Shanghai’s economic system and the core of the 
technological innovation system (Chunyu, 2015), industrial enterprise is the most important 
actor to achieve this goal (Debin, 2015). “Innovation-driven” means provide new impetus to 
industrial enterprises by improving the technological innovation ability of industrial 
enterprises.  “Transformation development” means transform from low value-added 
production to high value-added production, from process to innovation; by mastering the core 
competitiveness to achieve industrial upgrading 29 . From this perspective, improving the 
science and technological innovation capacity of Shanghai is rooted in the process of 
industrial enterprises development (Shixun, Yongkun, & Minghai, 2015; Wei & Xuan, 2015; 
Lin, 2015). 

Generally speaking, research and development (R&D) consists of three parts: basic research 
and applied research which increase the amount of knowledge, and experimental 
development which create new applications based on the existing knowledge (Bin, 2008). 
R&D resource is a general indicator for evaluates a country or a region’s S&T input and 
activities (Sen, 2008). It was widely used by countries and organizations for a long time 
(Feiqiong & Sen, 2011). R&D activity is the core and the foundation of S&T activities (Bin, 
2009). To analyze the scale and trends of industrial enterprise’s R&D activities, we can know 
                                                
27 Data source: National Bureau of Statistics of Shanghai 
28 Literature source: http://www.gov.cn/2011lh/content_1825838.htm 
29 Literature source: Literature source: http://news.xinhuanet.com/ziliao/2016-05/31/c_129030808_4.htm 
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the S&T foundation and the development potential of Shanghai (Debin, 2015), it has a 
guiding significance on the solution of the problems discussed in this paper. Analyze the 
R&D inputs and output status and structures of Shanghai’s industrial enterprises, to discover 
the existing problems and put forward suggestions for improvement.  

1.3 Significance and Contribution 

Since the 1980’s, the globalization trend continuously strengthen, the competitions also 
transcend national boundaries and becoming more and more fierce (Shangquan, 2000). Some 
emerging countries and regions are rapid rising with unique development strategies, this 
phenomenon has aroused wide interest of scholars 30 . Through the researches, scholars 
generally believe that innovation is an important factor decided the success or failure of the 
regional competition (Porter, 2001; Cooke, Asheim, Boschma, Martin, Schwartz, & T_dtling, 
2011; Morgan, 2007).  

In order to find the determinants of regional innovation capability, the scholars study the 
regional innovation behavior from many perspective, such as system, culture, industry cluster	 
and innovation management, and revealed the law of innovative activities (Feiqiong & Sen, 
2011; Feiqiong & Yin, 2009; Porter, 2001; Porter & Stern, 2001; Yongda, 2006). These 
theories tend to assume that the region have a certain innovation resources endowment 
(Porter, 2011; Yongda, 2006; Krugman, 1995), but for problems such as the formation 
mechanism of innovation resources, innovation resources agglomeration, and its role in the 
regional innovation activities, the researches are still insufficient (Feiqion & Yin, 2009; Sen, 
2008; Yu, 2014). 

The representative theory or school including regional economics, industrial economics, 
innovation system theories and technology competition theory of new trade theory (Feiqion 
& Yin, 2009). Different theories have different emphasis: regional economics emphasizes 
that the internal and external economies of scale and knowledge spillover are the important 
reasons for enhanced the regional innovation capacity (Nourse, 1968; Richardson, 1969); 
industry economics argues that the regional industrial structure and the fierce competition 
existing in the industry is the source of innovation capacity (Hay & Morris, 1979; 
Clarke,1991); innovation system theory argues that the government, research institutions, 
universities and the innovation enterprises are the key determinants of regional innovation 
capacity (Asheim & Isaksen, 2002; Braczyk, Cooke, & Heidenreich, 1998; Cooke, 1992); 
technology completion theory of new trade theory considered that innovation resources 
endowment decided the regional innovation capacity (Krugman, 1995). 

The author thinks that there is unity within these theories: the internal and external economies 
of scale is the way of innovation transfer into regional competitive advantage; the 
competition of enterprises is the competition of innovation ability; the cooperation of regional 
innovation actors is the technology innovation cooperation; and certain innovation resources 
endowment is the base of regional innovation activities.  

                                                
30 Literature resource: http://www.cato.org/articles/rise-emerging-economies-challenges-liberal-perspectives 
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This research will from the angle of view of the innovation resources agglomeration, 
combining with the innovation system theory, technology innovation theory, and can helps to 
make up for the deficiency of the existing theories, thus to provide a new theoretical 
perspective for the establishment of regional innovation policies. 

In the aspect of practice, this research uses the constructed theoretical framework as the 
guidance, through the analysis of the state quo of the innovation resources agglomeration and 
its foundation, explore the current shortcomings, this is the tentative application of innovation 
resources agglomeration theory. The author thinks that innovation resources agglomeration is 
a process, it can promote the development of the regional innovation capacity and vice versa, 
and plays an important role on the development of regional economy. Under the background 
of Shanghai develop into global science and technology center, this research put forward 
some relevant policy suggestions based on the research of Shanghai’s innovation resources 
agglomeration foundation, therefore has a certain practical significance. 

1.4 Research Purpose 

According to Porter and Stern (2001), the vitality of innovation in a certain location was 
shaped by its innovative capacity. On the one hand, the innovation capacity depends in part 
on the level of S&T development and the size of the S&T labor force in this region, and on 
the other hand, government investments and policy choices is one of the most important 
influencing factor of the innovation capacity. 

Therefore, this research will from the perspective of industrial enterprises above designated 
size31 (IEADS) in Shanghai, because they are at the core place of Shanghai’s innovation 
resources agglomeration foundation. Then combining with the existing theoretical research, 
and use the DEA method to evaluate their status quo of R&D resources allocation efficiency, 
which will affect their technological innovation ability. Then find out the challenges 
encountered by the industrial enterprises. Based on the research results, put forward some 
specific advice for policy makers of how to overcome and deal with these challenges. By 
doing this, the development of Shanghai’s regional innovation system, which is the 
foundation of innovation resources agglomeration, can be improved to a certain extent, thus 
to achieve the purpose of improving the innovation resources agglomeration capacity of 
Shanghai. 

Therefore, the research questions of this paper is formulated as follows: 

     1. What are the challenges faced by industrial enterprises above designated size in 
Shanghai? 

2. What should the policy makers do to improve the R&D allocation efficiency of the 
industrial enterprises above designated size? 

 

 
                                                
31 The annual turnover of these enterprises is more than 20 million Yuan. 
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2. Literature Review 
There are a large number of formed researches in economics and management fields can 
provide reference for our study. This chapter will establish the analysis framework for this 
thesis through carding, analysis and summarizes of the existing researches, summarizes the 
regularity factors among them, and establish the analysis framework for this paper. 

2.1 Definition of global science and technology innovation center 

Global science and technology innovation center is a new concept which emerging in recent 
years, its connotation and denotation has not been precise defined and clearly descripted. The 
understanding of its internal evolution mechanism is just getting start. For understanding this 
concept, we can discuses from two aspects: the national level and the regional level. From the 
national level, in his book Science in History, Bernal first put forward the concept of “The 
world’s Science Center”. Based on his research, the Japanese scientists Yuasa Mistsutomo 
defined the scope of “The World’s Science Center” with quantitative indicators. According to 
Yuasa Mistsutomo (1962), if a country’s scientific results comprise 25% of the world’s total 
scientific results, it can be called as the scientific prosperous period. During the scientific 
prosperous period, this country becomes the world’s science center. The scientific prosperous 
period is averagely about 80 years; it was shift in history in the following order: Italy from 
1540 to 1610, England from 1660 to 1730, France from 1770 to 1830, German from 1810 to 
1920 and America from 1920 to now. This is the famous Bernal—Yuasa phenomena. In later 
researches, scholars put forward some similar concepts such as the world’s technology center. 
In essence, these concepts are described the same thing: at different time of science 
development history, in a certain time frame, science and technology activities are 
concentration within a geographical area. 

Starting from the 1980’s, with the rapid development of some cities such as the Silicon 
Valley, Munich and Bangalore, the scholars began to study this problem from the region level. 
In 2000, Wired put forward the concept of Global hubs of technological innovation. In 2001, 
the United Nation defined the regions that centralize with research institutions, 
entrepreneurial enterprises and venture capital as “technology growth center”. Since 2007, 
the 2thinkknow (Australia) start the work of select “the world's most innovative city”. They 
define and screen from three dimensions: cultural assets, industry and infrastructure and 
market network.  

Rank City/Region Country/Region Rank City/Region Country/Region 
1 London United Kingdom 11 Toronto Canada 
2 San Francisco-San 

Jose 
United States 12 Munich Germany 

3 Vienna Austria 13 Seattle United States 
4 Boston United States 14 Berlin Germany 
5 Seoul South Korea 15 Copenhagen Denmark 
6 New York United States 16 Chicago United States 
7 Amsterdam Netherlands 17 Stockholm Sweden 
8 Singapore Singapore 18 Sydney Australia 
9 Paris France 19 Tel Aviv Israel 
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10 Tokyo Japan 20 Shanghai China 

Table 2 Top 40 innovation cities in 201532 

In its report Global Technology Innovation Insights—2014/2015, KPMG defined the global 
technology innovation hubs from the perspective of produce and development of high 
technology. In China, scholars’ researches are mainly around technological innovation. They 
emphasized that the enterprise technological innovation ability and the regional innovation 
environment will influence the development of the industry and technology development. In 
2015, Du Debin and other scholars give the global science and technology innovation center 
a definition: the city or region that have the following characteristics can be called as the 
global science and technology center: intensive innovation resources, intensive science and 
technology activities, has strong R&D power, wide radiation range of scientific and 
technological achievements, play a significant value-added features and occupy leadership 
and dominance in the global value network. Although the definition of global science and 
technology center is varying from person to person, but they all emphasized the key for a city 
to become global innovation center is to improve the capacity of agglomeration of innovation 
resources and improve the innovation capacity to reach a certain high level. 

2.2 Innovation Systems Theory!

With the development of innovation theory research, in the late 1980’s to the early 1990’s, 
the academia started to focus on the innovation system theory, and generated a lot of concepts 
and definitions. According to different emphasis, these concepts can be roughly divided into 
two categories: the first is to discuss the spatial and geographical features of innovation 
systems, such as national innovation system, regional innovation system and industrial cluster. 
The second is from the perspective of the technical characteristics of industry, such as 
industry innovation system and technological innovation system etc. there is a complicated 
relationship between different levels of innovation systems, the main reason is the dynamic 
feature of the boundary of industrial innovation systems. For the description of the 
relationship between different innovation systems, there are mainly two different points of 
view: firstly, through the analyze of Europe, scholars with Malerba (2008) as the 
representative put forward that Industrial innovation system is beyond the region boundary, 
and even beyond national boundary. This kind of situation is common in Europe. Secondly, 
industrial innovation system can be considered as a subsystem of national innovation system, 
even the subsystem of regional innovation system. The dynamic feature of industrial 
innovation boundary does not mean that the industrial innovation system can completely 
separated from the regional and national environment. Because most of the technological 
infrastructures are public or semi-public, in essence, they have regional and national feature. 
Innovation activities are usually affected by these infrastructures; thus, they are restricted by 
regional and national boundary. For this reason, some scholars point out that industrial 
system has regional and national characteristics; it is the subsystem of regional innovation 

                                                
32 Data source: 2thinknow Innovation CitiesTM Index 2015: www.innovation-cities.com 
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system and national innovation systems (Qin, Zhigao, Huayou, Yimei, 2012; Mingmin, Shu, 
2009). 

Based on the actual situation of Shanghai, that industry system has obvious regional 
characteristics, this study will start from the second point of view: regional innovation system 
is the subsystem of national innovation system; industrial innovation system is the subsystem 
of regional innovation system. 

 

Figure 3 The relationship between different innovation systems 

2.2.1 National Innovation Systems 

National innovation system (NIS) is an innovation network that composed of series actors in 
the system. These actors including enterprises, universities, government research institutes 
etc. (OECD, 1997). The interactions between these actors determines the technological 
innovation capacity and technological diffusion capacity of the nation, therefore, determines 
the innovative performance and overall competitiveness of the nation.  

NIS theory, that from the perspective of system, is the theoretical framework for study the 
question how innovation affect economic growth. It is a new stage of technological 
innovation research development. The understanding of the relationship between science & 
technology and economic development is an ever-accelerated process; NIS theory is the 
result of this process (Chaoma, 2005). 

In the 1960’s to 1970’s, the difference of development speed between countries began to 
attract the attention of scholars. One explanation for this phenomenon is that different 
countries have different science and technology policies; this is the embryonic form of NIS. 
Researches during the 1970’s to 1980’s shown that the vast majority of new knowledge, 
which needed in innovation process, is not directly from universities or research institutions, 
they are came from engineers, customers and market, etc. (Chaoma, 2005). In 1987, on the 
basis of investigation and analysis of Japan, Freeman (1987) put forward the concept national 
innovation systems. Since then, some concepts refer to national innovation systems were 
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appeared, such as National Systems of Innovation, (Lundvall, 1992), National innovation 
systems (Nelson, 1993) etc. As it’s described in National Innovation Systems (OECD, 1997), 
firms are the core actors in this system. By organizing production, innovation and other ways, 
firms acquiring the external knowledge, which originated in other firms, public and private 
research institutions, and universities, et al. 

Name Years Definitions of National Innovation Systems 

Freeman 1987 “…the network of institutions in the public and private sectors 
whose activities and interactions initiate, import, modify and diffuse 
new technologies.” 

  
Lundvall 

  
1992 

“…the elements and relationships which interact in the 
production, diffusion and use of new, and economically useful, 
knowledge … and are either located within or rooted inside the 
borders of a nation state.” 

Nelson 1993 “… a set of institutions whose interactions determine the 
innovative performance… of national firms.” 

  
Patel & Pavitt, 

  
1994 

“…the national institutions, their incentive structures and their 
competencies, that determine the rate and direction of technological 
learning (or the volume and composition of change generating 
activities ) in a country.” 

  
  
  

Metcalfe 

  
  
  

1995 

“… that set of distinct institutions which jointly and individually 
contribute to the development and diffusion of new technologies and 
which provides the framework within which governments form and 
implement policies to influence the innovation process. As such it is a 
system of interconnected institutions to create, store and transfer the 
knowledge, skills and artefacts which define new technologies 

Table 3  Definitions of National Innovation Systems33!

2.2.2 Regional Innovation Systems"

The concept of regional innovation systems (RIS) was originated from the research of 
national innovation systems (Boschma, 2005; Asheim, Coenen, 2005). Discussions of NIS 
and RIS are both within the scope of spatial innovation systems (Oinas, Malecki, 2002). 
Cooke (1992) was the first one who put forward the concept of RIS. Following closely, in the 
book Regional innovation systems: the role of governances in a globalized world, Cooke and 
his colleague (1998) expounded in detail of this concept. Based on Cooke’s research, 
Haukness (1999), Asheim & Isaksen (2002), David Doloreux et al (2002), and Buesa et al 
(2006), made further research on the definitions of RIS.   

In Cooke’s (1998) point of view, RIS is a system that support and create innovation. It was 
composed of the actors that geographically division and association, such as enterprise, 
research institutions, educational institutions et al. Hauknes (1999) points out that RIS is the 

                                                
33 Data source: Literatures. 
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new stage of regional science, knowledge flow is the main form of energy exchange and flow 
within the region, the network information exchange forms between the actors within the 
region is the important premise of regional innovation systems. Nelson (1993) thinks that RIS 
is a system for create innovation, it was consisted of regional institutions, regulations and 
practices. Wiig (1995) studied the constituent parts of RIS, and points out that RIS is mainly 
composed of enterprises, education and training institutions, R&D institutions, government, 
financial services institutions etc. Hájková & Hájek (2010) points out that RIS was a set of 
the interactions between enterprises and supporting institutions in the process of knowledge 
dissemination and capitalization.  

Although different scholars put forward different points of view, but on the whole, RIS refers 
an innovation network with innovation environment and innovation institutions. RIS mainly 
includes four parts: regional policy system, regional education system, regional industry 
system and regional innovation system (Kuhimann 2004). 

Although the theoretical and empirical studies of RIS has been greatly developed, but there 
are still some limitations (Qing, Zhigao, Youhua, Yimei, 2012), such as fuzzy boundaries of 
innovation activities, the main body of RIS is difficult to define, the interaction relationships 
between actors are not clear, etc. thus, some scholars put forward some concepts on the basis 
of NIS and RIS, such as sectoral system of innovation (Breschi, Malerba Edquist, 2000), 
department innovation systems and technological innovation systems (Malerba, 2004; 
Carlsson & Jacobsson & Holmen, 2002).�Within in these concepts, the industrial innovation 
system is most noticeable (Qing, Zhigao, Youhua, Yimei, 2012). 

 

Figure 4 Regional innovation system 
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2.2.3 Industrial Innovation System"

In 2006, ministry of Science and Technology of China made an investigation about the 
capacity for independent innovation ability of nine industries. They analyzed the main factors 
that affect the industrial innovation ability and the main problems which restrict the 
development of the industry innovation ability. In 2008, Reinstaller et al. launched the 
Sectoral Innovation Watch Systematic (SIW) program; they select eight industries as the 
research object. The aim of the program was to analyze the driving factors and challenges of 
industrial innovation. The attention of the industry innovation ability, reflect the important 
role of the industrial innovation system. The key to promote a country or a region’s economic 
development is the development of industrial economy, and the improvement of industrial 
competitiveness, the most important thing for industrial upgrading and improving the 
industrial competitiveness is innovation (Shufen, 2009). National and regional innovation 
capacity is usually based on some unique industry sector (Porter, 1990). Industrial innovation 
capacity has already become the decisive factor of national strength and regional economic 
development, so concerned about industrial innovation is important. 

In 1972, in their book The Economics of Industrial Innovation, Freeman and Soete put 
forward the concept of industrial innovation for the first time. In their opinion, industrial 
innovation including technological innovation, skill innovation, product innovation, process 
innovation, management innovation and marketing innovation (Freeman, 1997). At the same 
time, they point out that different industries have different innovation contents. Rothwell and 
Zegveld’s (1985) research shows that industrial innovation can promote the development of 
the economy. After that, in Rothwell and Mark Dodgson’s (1994) book The Handbook of 
Industrial Innovation, the thoughts of industrial innovation system began to appear. In 
Porter’s (1990) diamond model, industry is the element of his innovation system, embodied 
the thought of industrial innovation system. Thereafter, based on the concept of national 
innovation systems, regional innovation systems and evolutionary economics, Breschi and 
Malerba (1997) put forward the concept sectoral system of innovation (SSI). In their 
definition, SSI is a systematic collection of firm activities, these activities including products 
development, manufacturing and production, use of industrial technology, et al. Breschi and 
Malerba used the word sector instead of industry, because in their opinion, industrial 
innovation system includes not only the production and sales entities, such as enterprises, it 
also contains a series of auxiliary mechanism. Based on the research, Malerba (2006) said 
there are six components of the industrial innovation systems: enterprises, other participants, 
networks, demand, system, knowledge base and technical features. 

From the perspective of the relationship between industrial innovation systems and other 
innovation systems, the concept of SSI is a complement for other concepts (Edquist, 1997). 
National innovation systems can be seen as composed of industrial innovation systems (Jin, 
2000). The development of the industry innovation system to promote regional and national 
economic development has the vital significance. Generally speaking, the relationships 
between the enterprise and the innovation systems are as follows: firm innovation and 
economic performance → industrial innovation and economic performance → National 
(Regional) innovation and economic performance (Ruqing, 2012). 
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Figure 5 Relationship between enterprise and innovation system 

2.3 Innovation resources 

In the early stage, the researches of resources was focused on the natural resources, the 
representative theory is factor endowment theory. With the development of global economy 
and the academic progress, scholars begin to pay close attention to artificial resources. The 
representative theories are resource-based view in the strategic management field, Posner’s 
Technological Gap theory (Posner, 1961) and Porter’s national competitive advantage theory 
(Porter, 1990). 

2.3.1 The resource Based View 

The resource-based view is a theory in the field of strategic management, this theory study 
enterprise from the perspective of resources. The resource-based view is mainly originated 
from Alfred Marshall’s internal growth theory. In 1959, Penrose published her book The 
Theory of the Growth of the Firm. In her book, she developed a theory of the relationship 
between enterprise resources and enterprise growth. In her point of view, the growth impetus 
and development basis of a company is its internal resources; and the internal resources 
determine the competition. In 1984, Wernerfelt’s book A Resource-based View of the Firm 
laid a solid foundation for the enterprise resource theory; therefore, Wernerfelt was regarded 
as the founder of the resource-based view. Based on the premise that firms are heterogeneous, 
the article characterized sustainable differences (resources), suggests that optimal competitive 
strategies are based on these resources, and describes how current resources can be used to 
develop new resources. After Wernerfelt, Barney (1991), Grant (1991), Peteraf (1993), Amit 
& Schoemaker (1994) enriched this theory, and formed the resource-based theory. 

For the classification of enterprise resources, there are mainly following three points of view: 
Hofer & Schendel (1978) and Grant (1991) classified firm resources into six categories: 
financial, human, organizational, physical, technological and reputational resource. Scholars 
represented by Barney (1991), Tomer (1987) and Williamson (1975) thought there are three 
categories of firm resources: physical capital resource, human capital resource and 
organizational capital resource. In Foss & Kundsen and Penrose’s view, firm resources 
include material resources and intellectual resources. At the same time, they introduce human 
resources, intellectual property rights, market resources, infrastructure resources and 
corporate culture into the scope of firm resources. 

The core viewpoint of resource-based theory is: firm is an aggregate that consists of a series 
of resources, the fundamental factor of competitive advantage is the resources, especially the 
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rare resource 34  (Barney and Hesterly, 2012); exterior market structure and market 
opportunities will affect enterprise competition, but they are not the decisive factor. 

2.3.2 Diamond Model 

�n 1985  Porter put forward his diamond model in his book The Competitive Advantages of 
Nations, and established his national competitive advantage theory. This model was used to 
answer the question why some industry of one country has relatively stronger 
competitiveness in the world. In his book, Porter systematically discussed the relationship 
between factors of production and national competitive advantage. 

Firstly, Porter points out that national prosperity is created, not inherited (Porter, 1990). 
There are four attributers that determine an industry’s competitiveness; these four attributers 
combined with two variables, constitute the diamond system.  

 
Figure 6 Porter’s Diamond Model  

Porter defined the factors of production as the determine attribute to the flow of trade (Porter, 
1990), in broad terms, they can be grouped into five categories: human resources, physical 
resources, knowledge resources, capital resources and infrastructure. In specific discourse, 
Porter classified different factors of production from different perspectives. They are basic 
factors, advanced factors, generalized factors and specificity factors. Basic factors including 
natural resources, climate, location, unskilled and semiskilled labor, and debt capital. 
Advanced factors including modern digital data communications infrastructure, highly 
educated personnel, and university research institutes in sophisticated disciplines. 
Generalized factors including a highway system, a supply of debt capital, and a pool of well-
motivated employees with college educations. Specialized factors including narrowly skilled 
personnel, infrastructure with specific properties, knowledge bases in particular fields and 
other factors with relevance to a limited range or even to just a single industry (Porter, 1990). 

                                                
34  Rare resource means it is controlled by a small number of competing firms (Barney and Hesterly, 2012). 
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Porter points out that it’s unstable and vulnerable to build the competitive advantage based on 
the basic and generalized factors. If a country wants to build up a strong and sustainable 
competitive advantage by factors of production, the essential thing is to develop advanced 
and specialized factors. Although Porter didn’t use the world “resources”, but the advanced 
and specialized factors of production have similar meanings with the innovation resources 
discussed in this paper. 

Secondly, mutual relations within the factors of production constitute the factors of 
production system. In Porter’s view, basic factors are unimportant for national competitive 
advantage, and at the same time, the advantage they provide for a nation’s firm is 
unsustainable, but the basic and generalized factors are the foundation of advanced and 
specialized factors, their quality and quantity are indispensable for create the latter. 
Compared with the basic factors and generalized factors, specialized factors and advanced 
factors provide more decisive and sustainable bases for nation’s competitive advantage, but it 
is important to recognize that they are often built upon the former. 

Thirdly, Porter point out that the standard for specialized factors is the characteristic of its 
dynamic evolution. Today’s specialized factors tend to become tomorrow’s generalized 
factors (Porter, 1990). The source of sustainable advantage is the constantly upgraded and 
specialized of the factor pool. 

Fourthly, the factor creation mechanisms including two aspects: government and enterprises. 
In Porter’s point of view, government efforts to crate advanced and specialized factors are 
concentrate on more basic and generalized factors. As the major power of market competition, 
because of the best position to know which are the necessary for compete in their industry, 
firms are the main power in advanced and specialized factors creation. In the process of 
creating advanced and specialized factors, only through the closely cooperation with the 
industries can government achieve success. 

Finally, Porter put forward that human resource, knowledge, science and technology, and 
capital factors can mobile worldwide, the development of globalization will speed this 
process. Therefore, those nations have the capacity to agglomerate these mobility factors can 
be highly competitive. 
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Figure 7 The influence of innovation resources on innovation system 

2.3.3 Advantage Integration theory 

In 2006, Yuyongda, the professor of Tsinghua University, put forward the concept of 
advantage integration in his book Integration Advantage. Advantage integration theory is the 
expansion of industry cluster theory. The main thought of this theory is: through optimum 
distribution of the internal resources, attract and integrate the external resources on certain 
basis, therefore, to make up for its own resources shortage and defect, and form the 
integration advantage. In this way, we can prevent the over-exploitation of internal resources, 
and internalize the external resources. Through the integration process, an economic entity 
can realize advantage innovation and value-added fission, thus to improve the comprehensive 
competitiveness, and achieve high quality economic development (Yongda, 2006). 

 
Figure 8 Advantage Integration Theory 

The establishment and development of advantage integration theory is based on the theory of 
economic growth, international trade theory, and the theory of regional economics. The 
purpose of this theory is to solve the problem that developing countries rely their economic 
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growth on low cost advantage, because the lack of innovation dynamic. Take China as the 
example, from the natural resources perspective, according to BP Statistical Review of World 
Energy 201535�China is the world’s largest energy consumer, in 2015, China's energy 
consumption accounts for 23% of global consumption, and accounts for 61% for global net 
increase. Some economists point out that China's current way of growth will inevitably leads 
to the energy crisis (Yongda, 2006). The development based on the resources consumption 
brings a series of environmental problems, such as acid rain, desertification, water pollution, 
and air pollution, etc. China’s annual economic loss caused by environmental pollution 
equals to 3%-5% of its GDP. 

From the human resources perspective, China will soon enter the aged society36. 

 
Figure 9 Aging population of China37 

According to the data above, at present, the elderly over the age of 65 are 137550 thousand in 
China, accounts for about 10.1% of the total population. In the next period, the elderly 
population will be growing at a rapid rate; China's low cost advantage is disappearing. 
Through the analyze of the United States, Japan, and Singapore, Yu Yongda pointed out that 
integration advantage plays and crucial and even decisive role in the process of rise and 
development of these countries. The competitive advantage of a country is not determined by 
its own natural resources endowment, it is determined by the innovation capacity, and the 
capacity of resources agglomeration. In other world, the capacity and effectiveness of 
resources agglomeration will determine the core competence of a country. The 
internationalization of resources allocation can help the developing country get rid of the 

                                                
35 Data source: https://www.bp.com/content/dam/bp/pdf/energy-economics/statistical-review-2015/bp-statistical-review-of-
world-energy-2015-full-report.pdf 
 
36 When the proportion of elderly people reaches 7% is an aging society, when the proportion reaches 14% is aged society. 
37 Data source: Statistical Yearbook of China. National Bureau of Statistic of People’s Republic of China. 
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dilemma of resources dependence, and realize the economic growth on the basis of 
innovation. 

The free flow of advantage resources it the basis of advantage integration. The realization of 
advantage integration needs two premises, one is the internationalization of resources 
allocation, and the other is corresponding foundation and condition of the entity. Advantage 
integration includes two aspects of content: integrate advantage resources and scatter 
disadvantage. Advantage integration is a dynamic development process; the transfer of 
advantage resources in a certain period can just bring a temporary prosperity, only by 
constantly integration on the basis of existing foundation, an entity can maintain its 
development momentum. 

There are two basic forms of advantage integration: natural advantage integration and 
artificial advantage integration. The foundation of natural advantage integration is the 
regional resources endowment, such as location, tax policy and so on. If the natural 
advantage integration does not make the transition to artificial advantage integration, the 
region or country will gradually lose its advantage. 

Advantage resources integration can produce two results: appreciation and creation. 
Appreciation means the potential energy generated by the integration of various resources 
will stronger than simply accumulation, in other words, the welfare effect produced by the 
advantage resources integration is far greater than the sum of welfare effect produced by a 
single advantage resources. The main reason is the interaction between resources. Creation 
means new advantages can be generated from the current integration, regeneration 
advantages by attracting external resources. Fundamentally, the creation produced by 
resources integration is the result of synergistic mechanism of innovation. Simple resources 
accumulation can only bring temporarily economic growth. Advantage integration stresses 
the process from quantitative change to qualitative change, the process that create new 
“synthesis” based on the combination and interaction of internal and external advantage 
resources. 

 

Figure 10 The influence of innovation system on innovation resources agglomeration 
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2.4 Technological Innovation !

The purpose of this section is to find the answer for the question that who plays the most 
important role in technological innovation. This question is put forward under the perspective 
of national innovation system. This problem will be discussed from three aspects: 
connotation of technological innovation, innovation process and characteristics of 
technological innovation process. 

2.4.1 Innovation and Technological Innovation"

Since Schumpeter put forward the concept of innovation in his book The Theory of Economic 
Development, innovation has always been a hot topic. There are a lot researchers focused on 
the connotation, definition and classification of innovation. Tidd, Pavitt and Bessant (2001) 
put forward the 4Ps model in their book Managing Innovation; in their point of view, there 
are four types of innovation: process innovation, product innovation, position innovation and 
paradigm innovation. In China, scholars also classified innovation into four types: theoretical 
innovation, technological innovation, cultural innovation and institutional innovation. After 
Kim and Mauborgne (2004) put forward the Blue Ocean Strategy, value innovation begins to 
enter people's horizons. Based on their research, Yu yongda (2006) points out that innovation 
should include technological innovation and value innovation.  

With the advent of open innovation era, innovation will seep into all aspects of human life, 
such as ideas, knowledge, technology, politics, economy, business, communication, learning, 
etc. Although there has a lot of discussion on different types of innovation, technical 
innovation is undoubtedly the most decisive one, and in the leading position in the innovation 
scope (Rostow, 1959). 

The emphasis on technological innovation is because of its significant role in promoting the 
economic growth. Technological innovation is the “booster” of national economic growth 
(Xiaoan, Binbin, Baoyan, 2007), is an important production factor for improve the return on 
investment (Romer, 1986). 

Take Japan as an example. Japan's economy has been ruined in the World War II; the loss 
rate of material wealth in the war is 36%. The post-war annual income per capita is only $20. 
In the 19th century 40-50’s, Japan's economy and society "is a man-made desert" (Guangji, 
1996). After a short recovery period, Japan's economy began to recovery; the recovery was 
mainly relied on science and technology. Since 1950, Japan began to introduce the foreign 
advanced technology. By 1980, Japan’s GDP reach the amount of 4880 (100 million $), 
accounted for 39.53% of America’s GDP during this period. 
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Figure 11 Technology import and GDP growth of Japan38!

The introduction of advanced technology has greatly stimulated the post-war economic 
growth of Japan, and at the same time, promoted the independent research and development 
capacity of Japan. Since then, Japan entered into the era of rapid development.  

The way technological innovation to promote the economic development is mainly through 
its impetus to industry development and industrial upgrading. Technological innovation is the 
core element that affects the upgrading of industry (Jiaji, 2001). Take South Korea as the 
example. Automobile is South Korea's pillar industry, during 1990-1996, through 
technological innovation; South Korea’s automotive industry has been greatly developed. In 
this period, South Korea's export volume of auto growing continually. Driven by the increase 
of domestic sales, export and employment, South Korea's GDP has increased significantly. 

 

Figure 12 Auto Exports and GDP of South Korea (1990-1996)39!

                                                
38 Data source: The World Bank and literature.  
39 Data source: OEC Group, The World Bank and Literatures. 
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Through the above analysis we can say that, technological innovation plays an important role 
in economic growth, a country can drive the growth of GDP through the development and 
upgrade of industries. 

Figure 13 The way technological innovation affect GDP 

2.4.2 Schumpeter’s Technological Innovation Theory"

Schumpeter (1934) defined innovation as establish a new production function, introduce new 
production elements or new combination of production conditions into production system. 
This concept covers the following five cases: (1) Product innovation ---- introduce a new 
good or a new quality of a good. (2) Process innovation ---- introduce a new method of 
production. (3) Opening a new market ---- enter into a market that has not previously been 
entered. (4) The conquest of a new source of supply of raw materials or half-manufactured 
products. (5) Organization innovation ---- carry out the new organization, such as monopoly 
position.  

Schumpeter's innovation theory was focused on technology innovation, and it is a relatively 
complete theoretical system. This system is composed of many elements; the innovation 
activities is the outcome of the interaction of these elements. In Schumpeter’s view, 
enterprises and entrepreneurs is the central part of the innovation process. The five innovation 
cases he put forward are all related to enterprises. Enterprises and entrepreneurs are the 
carrier and participate of the innovation activities; innovation is their basic function. At the 
same time, Schumpeter also points out the differences between innovation and invention, in 
his point of view, innovation means commercialize invention and make profits form the 
market. 

On the basis of Schumpeter, many scholars make further discussions on the concept of 
technical innovation. 

Name Years Main Ideas 
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Solow S. C 

  
1951 

Two foundation of technological innovation: new idea roots 
and the realization and development in the later stage. Solow’s 
thought was regarded as the milestone in the research of 
technological innovation. 

  
Enos, J. L 

  
1962 

Technological innovation is the outcome of several kinds of 
behaviors, these behaviors include invention selecting, capital 
inputting, establishing organization, planning, recruiting and 
opening market. 

  
Utterback, J. M. 

  
1974 

Innovation process can be divided into three stages: the 
generation of new idea, conquer the technical difficulties and 
technological development, the realization of commercial value 
and diffusion of technology. 

  
Mansfield, E. 

  
1986 

Invention can only be called innovation after its application. 
Technological innovation is the introduction of a new product or 
process into the market or used by the society. 

  
Freedman .C 

  
1997 

Technological innovation is a process of technology, process 
and commercialization. Technological innovation will lead to the 
market realization of new products and commercial application of 
new processes and equipment. 

  
Jia Weiwen 

  
1997 

Technological innovation is a process, this process is consists 
of a series of activities� the generation of a new product/ new 
process/ new idea, research and development, commercialization, 
production and application. 

Table 4 Definitions of technological innovation40 

Although, the definitions of technological innovation are varying from person to person, but 
they all emphasized the combination of new technology and market opportunities, in other 
worlds, convert the new technology and new inventions into market outcomes, and this is the 
characteristic that makes enterprises different from other entities, such as government, 
universities and research institutions.  

In Oslo Manual 3rd edition, OECD introduced marketing innovation and organizational 
innovation into the innovation scope (in the first and second editions, there are just two types 
of innovation: product innovation and process innovation). Thus it can be seen that both 
Schumpeter and OECD are emphasized on the main role of enterprises in the technological 
innovation process.  

                                                
40 Data source: literatures. 



 28"

2.4.3 Characteristics of Technological Innovation Process"

In 1994 Jia Weiwen published his book Technological Innovation, in his book, he points out 
that there are mainly five characteristics of technological innovation process: firstly, the 
development of technology and the application of the technology in the production, and thus 
to promote the development of economy, they are all contained in the process of 
technological innovation. Secondly, Technological innovation is a system, systematicness 
and procedural are both the characteristics of innovation process. Thirdly, technological 
innovation is far beyond the scope of purely technology, it has a complex integrated feature. 
Fourthly, technological innovation is not only the invention in science and technology field; it 
is a creative process. Fifthly, the market is the starting point and the destination of 
technological innovation, technological development and application achieve unified in the 
market. 

Based on these five characteristics, Jia Weiwen (1994) points out that Technological 
innovation is a process, this process is consisting of a series of activities  the generation of a 
new product/ new process/ new idea, research and development, commercialization, 
production and application. Enterprises are the core entity in this process, and they are the 
leader of the technological innovation. 

From the perspective of accounting, the enterprise can be divided into two types: industrial 
enterprise and commercial enterprises. Industrial enterprises involved in three stages, they are: 
supply, production and sales, for commercial enterprises, just two stages: procurement and 
sales. Judging from the characteristics of technological innovation process, Industrial 
enterprise is the main body of technological innovation.  

 

Figure 14  Technological innovation process!
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3. Methodology!

3.1   Research approach!

Research approaches can be seen as the relationship between theory and the actual research 
(Bryman & Bell, 2007). In social research, there are generally two kinds of research methods: 
inductive and deductive. Inductive approach means moving from specific observations to 
broader generalizations and theories (Saunders & Thornhill, 2009), in other words, the 
researcher starts by making observations of the reality, theory is an outcome of research 
(Bryman & Bell, 2007). The deductive approach refers to a process from theories to 
observations and findings (ibis). According to Patel and Davidsson (2002), there is a third 
choice for research approach: abductive approach, which is the combination of the inductive 
and deductive approach. For using this approach, the research can switch between the 
theoretical and empirical framework. The basic consideration for chooses this approach is 
that previous theories and empirical data complement and reinterpret each other while the 
research is carried out (Alvesson, & Sköldberg, 2009). The abductive approach can provide 
more flexibility for the research than inductive and deductive approach. 

In this paper, a deductive approach is chosen to be the research approach. For deductive 
approach, it is very important to build a broad and solid literature foundation and have a full 
understanding of the theoretical considerations concerning the specific research field 
(Bryman & Bell, 2007). The objective of this paper is to further develop existing theories, 
rather than generating new theories. Theory cannot be understood without empirical 
observation and vice versa (Dubois & Gadde, 2002). The research direction of this paper was 
guided by the evolvement of theoretical framework. In the process of building theoretical 
foundation, with the identifying of unexpected issues, the evolvement of theoretical 
framework helped redirected us to adapt it.  
3.2   Research strategy!

It is very important to choose suitable research methods, because the methods we use will 
directly influence the results, and determines whether we can find the answer to the research 
questions (Bryman & Bell, 2007). According to Bryman & Bell (2007), there are two main 
research strategies: quantitative and qualitative. Quantitative methods emphasize data 
collection and data analysis, which means collect measurable data that can be calculated and 
statistically analyzed, then use them to support the hypothesis. By using quantitative research 
strategy, the necessary thing at the beginning of research is to promote certain hypothesis 
(ibis). On the contrary, the qualitative strategy needs more detailed and specific data, because 
the objective of qualitative method is to gain more understanding of a particular subject. 
Under this strategy, data can be collected through observations, interviews and documents 
(ibis). 

In this thesis, we mainly use quantitative strategy, since our conclusion is based on the 
evaluation optimize R&D resource allocation situation in industrial enterprises, data can 
better illustrate the actual situation; also, it is easier for us to make comparison. We will also 
use qualitative method in this thesis. Data collection and data analysis can reveal social 
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phenomenon, but qualitative method can go deep and gain more understanding of a particular 
subject (ibis). It is necessary to acquire in-depth information to support our findings and 
advices. 

We use data analysis to find out the problems, and then through the interview, to validate 
them and seek explanation for these findings. Combined quantitative method with qualitative 
method, to find out the answer for our research questions, and put forward advices.  

3.3   Research design!

Research design represents a structure that guides the complement of a research method and 
the analysis of the subsequent data (Bryman & Bell, 2007). The purpose of research design is 
to make a plan for answer the research questions. Furthermore, the application of an 
explanatory research is needed for the research (Sunders, Lewis & Thornhill, 2009). In our 
thesis, we are going to make comparative analysis of the scale and tendency of R&D 
activities in Shanghai. Further, we will analyze the input & output, structure, distribution and 
differences of industrial enterprises’ R&D status. Therefore, we decided to use data 
envelopment analysis (DEA) model, which is a relatively new “data oriented” approach for 
evaluation the performance of a set of peer entities called Decision Making Units (DMUs) 
(Cooper, Seiford, & Zhu, 2004). 

 
Figure 15 Research design 
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3.3.1 DEA model"
1. Introduction of the DEA method 

At present, there are two main methods for efficiency evaluation: parametric method and 
nonparametric method. Nonparametric method can solve the relative efficiency by linear 
programming method, and without preset production function and its parameters. Data 
envelopment analysis (DEA) method is a nonparametric method in the crossing field of 
operations research, management and mathematical economics for the estimation of 
production frontiers. Based on multiple input indicators and output indicators, DEA method 
can be used to measure the efficiency of comparable multiple decision-making units (DMUs) 
through linear programming method. Since 1978, Cahrnes and Cooper put forward DEA 
method and its model; it has been widely used in different industries and departments. It is 
also a common method in OECD’s analysis.  

Compared with other methods, DEA method has some advantages in the evaluation of R&D 
resources allocation efficiency: 

(1)   The DEA method is suitable for the evaluation of multiple input and multiple output 
problems; the R&D activity is a multiple input and multiple output activity. 

(2)   In efficiency evaluation, determine the weights of input and output indicators are not 
need for DEA method. In parametric method, the weight of indicators is determined 
artificially, thus the result of DEA method is more objective. 

(3)   When evaluate the efficiency of DUMs, DEA method can find the low efficiency part, 
can provide proposals to improve efficiency. This is accord with the characteristics and 
requirements of R&D resources allocation efficiency evaluation. 

(4)   In the DEA model, the mutual connection and restriction of input and output factors don’t 
need to be considered, thus avoid the consideration of correlation between variables and 
multicollinearity problems. 

(5)  The standardization of input and output variables is not need. 

(6)   DEA method can provide the efficiency of each set of input-output; it is more conducive 
for management decisions. 

2.  C2R Model 
Assume that there are n DUMs to be evaluated, each DMU consumes varying amounts of m 
different inputs xij (i =1,…m) (resources consumption), produce s different outputs yri (r 
=1,…s) (the result after resources consumption). Depending on the axiom hypothesis of 
convexity, cone, unavailability and minimality, the production possibility set can be as 
follows: 
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For particular DMU we choose (define it as DMU0), a non-Archimedes C2R model can be set 
up based on the production possibility set: 

..............9:4 ; − = >?@ AB + >?@ AD  

E. G.

%*+* + AB = ;%H

5

*67

..............................

'*+* − AD = 'H...................................
5

*67

+* ≥ 0; 1 = 1,⋯ , 4;...AB ≥ 0;.AD ≥ 0

.......................................................................(1) 

Here ɛ is a non-Archimedean element; it is greater than zero and smaller than any positive 
real number (in practice, often use ɛ= 10-6 ); em = (1,1, ...,1)T  Rm, es = (1,1, ...,1)T  Rs  ; 
AB.is input slack vector; S+ is output slack vector. ;∗ is the efficiency values of DMU0 (the 
degree of effectiveness of input utilization relative to the output). 

Assume the optimal solutions of (1) are:;*, +*, AD, AB, these developments will lead to the 
following definitions: 

Definition 1 (Weakly DEA Efficient): if ;* =1,.AD= AB ≠0. The performance of DMU0 is 
weakly efficient. For some i and j in some alternate optima. 

Definition 2 (DEA Efficiency): if ;* =1, and  AD= AB= 0, the performance of DMU0 is on 
the efficient frontier, means the performance of DMU0 is fully efficient. Unless increase one 
or more input or reduce some certain kinds of output, otherwise it is unable to change the 
amount of existing input or output. 

Definition 3 (DEA Inefficiency): if ;* ≠1, the performance of DMU0 is inefficiency. 

In C2R Model, DEA efficiency means both technical efficiency and scale efficiency; but if a 
DMU0 is inefficiency, it is unable to know the inefficiency is come from technical or scale or 
both. 

3. C2GS2 Model 
The C2R is based on the hypothesis that the production possibility set T can meet the 
requirement of convexity, cone, unavailability and minimality. The role of the “cone” is to 
help us to extrapolate the behavior of the most effective decision-making units through 
effective scale values (for a given input and output points). At the same time, it can identify 
the scale inefficiency that reflects on the unitary level (all DUMs). If the conditions of cone  

are not meet, we need to let    , the corresponding production possibility set will be 

a convex polyhedron: 
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Based on the above consideration, in 1985, Charnes, Cooper, Golany and Seitord put forward 
the C2GS2 Model, which regardless the “cone”: 

 
C2GS2 model only evaluate the technical efficiency of DUMs, which means to eliminate the 
scale factor and the efficiency affected by the change of resources disposal ability. 

Assume the optimal solutions of (1) are: , these developments will lead 
to the following definitions: 

Definition 3.1 (Weakly DEA Efficient): if , ≠0 the performance of DMU0 is 
weakly efficient. 

Definition 3.2 (DEA Efficiency): if , the performance of DMU0 is 
fully efficient. 
Definition 3.3 (Technical Inefficiency): if , the technical performance of DMU0 is 
inefficiency. 
It is worth noting that the efficiency in C2GS2 model just means technical efficiency, it is not 
necessarily scale efficiency. 
For a certain DUM0, combined C2R model and C2GS2 model, we can calculate the scale 
efficiency of each DMUs: . According to the result of this equation, we can know 
the scale efficiency of DUM0.: 

Definition 3.4 (Constant Returns to Scale)0if , which means . 

If , according to the characteristics of the two models, there will always be , 

which means . Under this circumstance, the DUM0 is scale inefficiency. At this time, 
we can use the relevant parameter to measure it is in the stage of increasing return to scale or 
decreasing return to scale. 

According to the in model (1): 

Definition 3.5 (Increasing Return to Scale): if . 

Definition 3.6 (Decreasing Return to Scale): if . 

4. Economic implication of the model 
(1) C2R model: 

*σ *λ
*−S *+S

1* =σ S−* = S+*

1* =σ 0**
== +− SS

1* ≠σ

∗∗∗ = σθη

1=∗η ∗∗ =σθ
∗∗ ≠ σθ ∗∗ < σθ

1<∗η

∑
=

n

j
j

1
λ

1
1

>∑
=

n

j
jλ

1
1

<∑
=

n

j
jλ



 34"

With reference to the input and output level of other DMUs, under the premise of unchanged 

output, reduces the inputs of DMU0 by the same proportion according to . Then adjust the 
individual input and output indicators respectively based on the slack vectors. If this can be 
achieved, it means the output of DMU0 won’t change with less input. Therefore, when the 

optimal solution , and slack vectors , DMU0 is efficiency under C2R 

model. If , DMU0 is inefficiency under C2R model. When , means at least the 
value of one input indicator achieved the relative minimum value. At this point if the slack 

vectors ,means that all input indicators have reached the relative minimum 

value, and output indicator reached the relative maximum value. When , means there 

are reduce spaces for all the inputs (by the same proportion). The smaller the value of , the 
bigger the reduce spaces. Here  on behalf of the comprehensive efficiency of DMU0. The 
defect of C2R model is unable to distinguish between technical efficiency and scale efficiency. 
(2) C2GS2 Model 

C2GS2 Model added a constraint: , in order to limit the value range of , now the 

returns to scale are changeable, we can use it to measure the technical efficiency of DMU0. 

When  and , the technical efficiency of DMU0 achieve the best. When 
, DMU0 is technical inefficiency. The technical efficiency score of DMU0 is . 

Divided  with , we can get the scale efficiency score, . When , the 
returns to scale are constant. At this point DMU0 achieves scale efficiency; means DMU0 

reached its maximum output scale. 
(3) Projection Theorem 

For inefficient DMUs, the input and output level can be adjusted appropriately according to 
its projection on the efficient frontier. Take C2R model as an example: assume the projection 
on the efficient frontier of  is , there will be 

 and . From this we can draw that with 
the inefficiency DMUs (DEA inefficiency), we can reduce the input without reduce the 
output thorough the “projection”. 

3.3.2 Evaluation indicators"
For comprehensively evaluate the effectiveness of the R&D activities, the input and output 
index we set should be comprehensive and systematic (Bin, 2009). But considering the 
feasibility of data collection and the requirements of DEA method, the indicator system we 
set should not be too complicated. We need to use as few indicators as possible to reflect as 
much information as possible (Bin, 2008). From the input perspective, there are two main 
inputs in industrial enterprise’s R&D activities: R&D capital and R&D personnel. R&D 
personnel including the number of personnel involved in the R&D activities, and the R&D 
personnel FTE. The latter can better reflect the staff input situation in R&D activities. There 
are two widely used measures of innovation capital inputs: R&D expenditure and R&D 
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intensity (R&D expenditure as a percentage of GDP) (OECD, 2011). UNESCO uses R&D 
intensity as an important indicator for evaluates the science and technology input over the 
world. It can reflect the enterprise's emphasis on research and development activities, and it is 
the general indicators for science and technology capacity evaluation.   

From the perspective of output, the results of R&D activities are new product, product 
improvement and patent of invention. The number of patent reflects the quality of 
enterprise’s R&D activities; it is the main indicator to measure technological innovation. 
Sales income of new product is the most direct indicator of product innovation. 

Considering the availability of data and the scientificity of comparison, we can choose two 
different sets of evaluation indicators for efficiency analysis according to different situations. 
One is absolute indicator: input indicators --- intramural R&D expenditure and R&D 
personnel FTE, output indicators --- sales revenue of new products and number of patents 
(table 3.1). The other is relative indicator: input indicators --- R&D intensity and R&D 
personnel intensity, output indicators --- intensity of sales revenue of new products (table 3.2).  

Input indicator Name of indicator Output indicator Name of indicator 

X1 
Intramural R&D expenditure 

(100 million Yuan) 
Y1 

Sales revenue of new 
products (100 million 

Yuan) 

X2 
R&D personnel FTE (10,000 

FTE) 
Y2 

Patents (Number of 
applications) 

Table 5 Absolute indicators 

Input indicator Name of indicator Output indicator Name of indicator 

X1 R&D intensity (%) 
Y1 

Intensity of sales revenue 
of new product (%) X2 R&D personnel intensity (%) 

Table 6  Relative indicators 

Indicator explanation: R&D intensity = intramural R&D expenditure/ GVIO R&D 
personnel intensity = R&D personnel input/ S&T activities involved manpower; Intensity of 
sales revenue of new product = sales revenue of new product/ sales revenue. 

3.4   Data collection!

Both secondary and primary data are necessary for implement a research project (Bryman & 
Bell, 2007).  

Primary data is gathered from primary sources by researchers, such as observations, surveys 
and interviews (Yin, 1994). In our research, we use interview to collect our primary data. 
Considered our research purpose and the model we use in this paper, we set up some 
selection requirement. Finally, we got a CEO from a medical device company who would 
like to accept our interview.  He worked in Johnson & Johnson medical company for 8 years, 
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and resigned as the CEO of greater China region41 to start his own business. In the past few 
years, he has founded three companies, and the third one was successful. From his experience 
for doing business in Shanghai, we predict he knows much about this market. The questions 
of the interview were designed according to our research purpose and quantitative research, 
because the main purpose of the interview is to find the reasons behind the data. Semi-
structured interview is suitable for our study, because we can use open questions, and have 
more flexibility for us add more questions and for interviewee to make further explanation 
during the interview. 

Secondary data can be collected from all available information, for example, statistical 
reports, books, articles, et al. The secondary data we used in the theoretical framework is 
mainly gained from Internet, such as academic database of Halmstad University, academic 
database of SUES, and Google. The data for analysis and empirical study is gained from 
government departments of Shanghai, such as statistics bureau, ministry of industry and 
ministry of science and technology. Although some of the secondary data might not have 
good quality, but according to Yin (2009), if the sources of the data is authentic, the findings 
and results can still be good. 

3.5   Data analysis!

The mixed method, which means a combination of quantitative and qualitative method, was 
used in this paper (Bryman & Bell, 2007). Therefore, for data analysis, there a both 
quantitative data analysis and qualitative data analysis in this research. 

For quantitative data analysis, the software used in this study is EXCEL and MATLAB. After 
data collection, filtration is necessary for preprocess the data. Make form in EXCEL, 
classified the data, then calculate indicators with EXCEL. When finished with preprocess, put 
the data into MATLAB, and use the program to generate results. In the process, ensure the 
accuracy of the program is very important, so use some secondary data to test the program is 
needed.  

In this study, quantitative research prepares the ground for qualitative research. The case 
study is based on the results of quantitative data analysis. The R&D resource allocation of 
industrial enterprises in Shanghai provided a basis for selection of the case study firm where 
the data analysis has suggested there is low R&D resources optimization allocation efficiency 
in industrial firms.  At last, we draw our conclusion based on these two kinds of data analysis. 

 

 

 

 
 

 

                                                
41 Greater China or the Greater China Region is a term used to refer to Mainland China, Hong Kong, Macau and Taiwan as 
a unity. 
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4.! Empirical Finding 
Regional policy-making must based on the actual situation of the target region (Hengsan, 
2012)42, the same about the suggestions for policy-making (Jun, Zhilong, & Qing, 2015). In 
order to fully understand the actual situation, the data will be collected and processed from 
two aspects in this chapter: macroscopic and microscopic. The macro data mainly comes 
from National Bureau of Statistics of China, Science and Technology Commission of 
Shanghai Municipality, and Shanghai Municipal Bureau of Statistics; the micro data mainly 
comes from the interview. The interviewees of this chapter is a medium-sized industrial 
enterprise belongs to the category of new and high technology industry. Compared with the 
small-sized industrial enterprise, it has a richer experience about the stage of development 
and problems (Yonghong & Gongmin, 2004); compared with the large-sized enterprise, the 
problems faced by the medium-sized enterprise are more complicated and challenging 
(Junwu & Difang 2003). At the same time, the government supports received by the new and 
high technology enterprises are relatively more than the enterprises in other industries, and 
thus promote the generation of more interactive relationships with other actors within this 
system (Jiancheng & Liuqin ,2006; Jian, 2008; Qing, Zhigao, Huayou, & Yimei, 2012), 
therefore the selection of interviewee has certain representativeness. The analysis of the 
micro data can provide a proper guidance and direction for macro data analysis, at the same 
time, can provide a certain explanation for the calculation results revealed by the macro data, 
thus help put forward the conclusion. On the basis of analysis of the interview, analyze the 
data of Shanghai’s IEADS, the problems existing in the innovation resources agglomeration 
foundation can be found. 

4.1 Interview 

The case firm operates in the areas of medical equipment, according to the Administrative 
measures for the determination of high and new technology enterprises, joint-published by 
Ministry of Science and Technology of China, State Administration of Taxation and Ministry 
of Finance of China, the case firm belongs to the new and high technology industry.  

The interviewee is the CEO and founder of the case company. After studying clinical 
medicine in WuHan university, China, he added one Master’s degree in management and 
another Master’s degree in marketing. He worked in Johnson & Johnson medical company 
(China) for 8 years, and he was the top seller for 3 consecutive years. After the training in the 
United States, he becomes the sales manager and job rotation in different areas of China, 2 
years later, become the CEO of greater China region. After he resigned from Johnson & 
Johnson, he has founded three companies. These three companies are all technological 
innovative enterprise and industrial enterprise, and focus on independent innovation. When 
asked about the reason, interviewee stated, “When we considering the risk and investment of 
technological innovation, compared with the industrial enterprise, commercial enterprises 
and service enterprise are more likely to gain profits, but industrial enterprise is the 
backbone of the economy. Services, after all, is to serve the specific objects, high-end services, 
in particular, need to rely on high-end manufacturing.” 
                                                
42 Literature source: http://finance.sina.com.cn/review/jcgc/20121114/194413676597.shtml 
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4.1.1 Technological innovation!
When asked about what is the most important thing in starting and running his business, the 
CEO said: “marketing is very important, but in my point of view, technological innovation is 
more important than marketing, it is the basis of my company. The success of the marketing is 
based on good products, innovative products.” When asked about the importance of 
technological innovation, the CEO presented four major ideas: firstly, “I believe that 
technological innovation is the source of the core competitiveness, my three companies are 
all started in the laboratory, constantly input in the technological innovation, we can get 
innovation output, such as patents and innovative products, these innovation output can help 
us to get money.” Secondly, attaches great importance to technological innovation can help 
enterprise to get government support. “Under the background of transformation development, 
innovative companies can get more government support” Thirdly, it can help to agglomerate 
talents. “Research and development personnel is the core of technological innovation, our 
attitude and investment on technological innovation, or more specifically, on R&D, can help 
us get and retain the talents we need. Give them a vision, and supplemented by practical 
action”. Fourthly, it can bring agglomeration effect. “After we formed our R&D team, we 
invest a lot to make it grow and develop, then the talents and funds will turn to find us.” 

4.1.2 R&D resources 

For the industrial enterprises, there are three main sources of R&D funds: “intramural funds, 
funds provided by the government, and funds from financial institutions. For our company, 
the proportion of these three funds is about 5:4:1”. When asked about the funds from 
financial institutions, the CEO said: “there are mainly two types of financial institutions 
provide funds for us: venture capital institutions and private-equity firm. The main way of 
their participation is equity investment, so in the financial statements, these funds are 
included in the intramural funds.” When asked about the bank loans, the CEO said: “firstly, 
R&D activities is a high-risk investment, its return is not stable, but the repayment period 
and interest rate of the bank loan are fixed, in other worlds, whether we succeed or not, 
whether we make profits or not, we need to repay the principal and interest on schedule, from 
this perspective, we prefer to use investment funds. What's more, is the tighten lending 
standards. The period we need money most, is often the period most difficult to get loans.”   

When asked about the staff constitute of the R&D department, the CEO said: “the members 
of our R&D team is mainly the generation post-70s43, some are the generation post-60s.” 
This is because an outstanding feature of post-80’s and post-90’s is job-hopping, and 
employees' job-hopping will cause the loss of the enterprise. “Generally speaking, newly 
graduate students lack of work experience, the current education situation is teaching and 
practical work are disjointed, which means companies need to invest a lot of money to 
cultivate talents. Once these talents job-hop, our efforts are in vain. So for the important 
departments and posts, we prefer to hire post-70s. The responsibility of the talent training 
should not be just shoulder by the enterprise.” When asked what the government should do 

                                                
43 Post-70s is a generation that generally considered to be born between 1970 and 1970, for post-60s, is between 1960-1969, 
for post-80s, is between 1980-1989, and for post-90s, between 1990-1999. 
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in talents cultivation, the CEO said: “At present, some capable enterprises choose to found 
their own training schools to meet their needs of core staff, but for most enterprises, this is 
not realistic. Thus, the cooperation and communication between enterprises and universities 
should be increased to solve this problem.” 

As one kind of innovation resources, the agglomeration effect applies to the R&D resources. 
“To ensure the continuous and sufficient supply of R&D resources, we need to establish some 
foundation: excellent original research and development team, and good operation of 
enterprises. We recruited outstanding R&D personnel, managerial personnel and sales 
personnel by share in the set-up stage, after we have a strong team, the talents will come to 
us, we are very careful on selection and appointment, in order to ensure the quality of the 
team. For funds, the situation is the same, the better you are, the more comes to you.” 

4.1.3 R&D efficiency 

“For enterprises, technological innovation is mainly referring to R&D activates.” When 
asked about the decisive factor of innovation output, the CEO said: “the resource inputs 
scale determines the R&D activities scale, but what really determines the innovation output is 
R&D efficiency.” R&D efficiency reflects the matching degree of R&D personnel and R&D 
expenditure, and determines the return on investment. “For me and other shareholders, we 
care about the return on investment, because high efficiency shows the inputs are fully play 
its role, which means our money is not be wasted, so we emphasize on R&D efficiency. On 
the other hand, high investment return can help further financing, it is an important condition 
for our growth and development.” According to the CEO, there are mainly three factors that 
influence the R&D efficiency. Firstly, “the matching degree of people and money. For 
example, we received an investment, but we don’t have enough R&D personnel, then it will 
lead to money waste, another situation is we have enough people, but we don’t have money in 
this period, it will lead to human resource waste. This phenomenon is widespread, but it is 
nearly inevitable.” The second factor is group morale. “Staff Motivation can improve work 
efficiency, thus to improve R&D efficiency. Two aspects: spiritual incentive and material 
incentive. We have retrospective meeting every week for work review; retrospective meeting 
every quarter for vision review. Also, for outstanding R&D personnel, the rewards including 
bonus, option, promotion and so on.” The third one is management. “With the growing firm 
size, if we don’t have good management, the R&D efficiency will decrease.” 

4.1.4 Government support 

When asked about government support, the CEO said: “we have got the government support 
since we start our business. After we got the certification of new and high technology 
enterprise, we applied for the scientific research fund, which provided by the government.” 
But it is noteworthy that, this scientific research fund is especially for new and high 
technology enterprise, for other industrials, the situation is not so optimistic. “The funds 
provide for new and high enterprise is more than other types of enterprise, which means, they 
need to find their own money source.” Government supports comes from many aspects, such 
as: “tax preference, low plant rent, intermediary services, scientific research funds, projects 
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and so on.” But he it still need to be improved. “For me and my partners, we have certain 
savings, we can use our own money to make up the shortfall, but for many other companies, 
money shortage is often a reason for cutting R&D expenditure in the early stage. So I think 
government funds still need to be improved.” When asked about the defects of the existing 
subsidy policies, the CEO said: “The current policies are mainly benefits the state-owned 
enterprises. From a historical perspective, state-owned enterprises are mainly undertaking 
the political mission, so generally speaking, they are not too concerned about the economic 
benefits. The fundamental problem of the state-owned enterprise is the system problem, to 
some extent, is very difficult to change the situation. With the development of the market-
oriented economy, more opportunities and support should give to small-sized and medium-
sized private enterprises, and to cultivate a batch of private enterprises to support the 
development of economy. For example, Guangzhou province and Zhejiang province, they 
provide a relatively relaxed environment for the private enterprises, and give a lot of policy 
support, so at present, the successful private enterprises in China are mainly distributed in 
these two provinces. I think this is the main defect existing in the policies for enterprises in 
Shanghai. 

4.1.5 University-enterprise collaboration!
University-enterprise collaboration is very important for enterprise’s technological innovation, 
because “from the perspective of economic benefits, enterprise often pay more attention to 
product improvement. The characteristics of basic research are: time-consuming, money-
consuming, and high risk, thus a lot of companies are unwillingness to do it. The cooperation 
with university and research institution, especially public research institution can effectively 
solve this problem. Because they are focus on the basic researches.” Generally speaking, 
there are two ways for cooperation: buyout and participation. “We collect the feedback and 
needs from the customers, then discuss with the research team in university, one situation is 
we work with them; another situation is they have patents, we buy it.” When asked about the 
rewards, the CEO said there are mainly three types: “firstly, give them the right of authorship, 
this is especially for the joint development project, they have the name right of the patents, we 
have the proprietary rights. Secondly, we can help them on the declaration of research 
project. Thirdly, for independent patent, we provide a good price: money, options, even share  
option is the most common way.” Government plays an important role in establishing the 
relationship between enterprises and universities, but lack of the participation of intermediary 
agencies. “We found the cooperation objects by ourselves, and the government often provide 
opportunities to establish the cooperation relationship between enterprise and universities, 
also, they provide the opportunities for the relationship between us and investment agencies, 
but we have not received help from intermediary agencies.” 

4.2 Comparative Analysis of Shanghai and China’s major provinces.!
4.2.1 The selection of comparison objects and data collection"
In consideration of industrial enterprise R&D resources investment and development level 
and the comparability of Shanghai’s industrial IEADS, this study selects 10 provinces as the 
comparison objects. The R&D investment of IEADS in these provinces is above ten billion 
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Yuan in the past two years. Due to the unobtainable of the number of science and technology 
personnel, absolute indicator was selected for the efficiency analysis in this part. 

 Input Indicator Output Indicator 

 R&D Personnel 
FTE (10,000 FTE) 

R&D Expenditure (100 
million Yuan) 

Sales Revenue of New 
Products (100 million 

Yuan) 

Patent 
Applications 

Year 2013 2014 2013 2014 2013 2014 2013 2014 

Beijing 5.8 5.78 213.06 233.5 3672.77 4247 19210 19916 

Tianjin 6.82 7.9 300.04 322.81 5569.69 5665.11 16302 16832 

Liaoning 5.91 6.34 333.13 324.23 4093.18 4036.96 11628 12098 

Shanghai 9.21 9.39 404.78 449.22 7688.38 8846.96 25738 26848 

Jiangsu 39.39 42.29 1239.57 1376.54 19714.21 23540.93 93518 115616 

Zhejiang 26.35 29.03 684.36 768.15 14882.1 16507.86 77067 77135 

Shandong 22.74 23.08 1052.81 1175.55 14284.18 14555.82 40030 44466 

Hubei 8.58 9.15 311.8 362.95 4654.48 5274.59 16321 16839 

Guangdong 42.63 42.49 1237.48 1375.29 18013.74 20313.32 96646 114447 

Table 7  R&D inputs and output data of IEADS of 9 provinces44 

4.2.2 Data analysis"
Use C2R model and C2GS2 model to calculate the data above, the comprehensive efficiency 
;∗, technical efficiency J∗ and scale efficiency K∗of these provinces can be obtained. At the 
same time, whether they are at the stage of decreasing return to scale or increasing return to 
scale can be reflected. The calculation results are as follows:  

  Year  ;∗  J∗  K∗ +L Returns to scale 

Beijing 
2013 0.9494 0.9607 0.9882 1.2398�1 Decreasing 

2014 0.9751 1.0000 0.9751 0.59681 Increasing 

Tianjin 
2013 0.9783 1.0000 0.9783 0.72441 Increasing 

2014 0.8674 0.8714 0.9954 0.80861 Increasing 

Liaoning 
2013 0.8297 0.8792 0.9436 0.53241 Increasing 

2014 0.6758 0.7552 0.8949 0.45631 Increasing 

                                                
44 Data source: National Bureau of Statistics of China. 
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Shanghai 
2013 1 1 1 1 Constant 

2014 1 1 1 1 Constant 

Jiangsu 
2013 0.7009 1 0.7009 7.1134�1 Decreasing 

2014 0.8540 1 0.8540 2.6537�1 Decreasing 

Zhejiang 
2013 1 1 1 1 Constant 

2014 1 1 1 1 Constant 

Shandong 
2013 0.7525 1 0.7525 1.8579�1 Decreasing 

2014 0.6714 0.9607 0.6989 1.6502�1 Decreasing 

Hubei 
2013 0.7196 0.7198 0.9997 1.0097�1 Decreasing 

2014 0.7174 0.7233 0.9918 0.66611 Increasing 

Guangdong 
2013 0.7143 1 0.7143 3.1095�1 Decreasing 

2014 0.7571 0.9875 0.7667 2.7823�1 Decreasing 

Table 8 DEA efficiency value of IEADS of 9 provinces 

4.3 Comparative Analysis of different districts!
4.3.1 The selection of comparison objects and data collection"
At present, there are 17 districts in Shanghai, considering the comparability of data, 13 
districts will be analyzed in this part. 
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Figure 16 Distribution map of Shanghai’s service industry45!

As can be seen from the picture, the center districts such as Jingan, Changning and Hongkou 
are mainly developing service industry, and Chongming is the nature reserve of Shanghai, so 
these four districts are not selected for comparative analysis because of the low proportion of 
industrial enterprises. Data from 2013 and 2014 was selected for the analysis.  

�  Input Indicator Output Indicator 

�  R&D Personnel intensity (%) R&D Intensity (%) Intensity of Sales Revenue of 
New Product %  

Year 2013 2014 2013 2014 2013 2014 

Pudong 57.17 52.92 1.73 1.82 27.23 30.16 

Huangpu 85.69 66.74 1.4 0.67 18.42 12.45 

Xuhui 48.31 40.97 1.24 1.19 11.89 20.9 

Putuo 61.21 60.93 1.54 1.79 27.24 31.68 

Zhabei 67.24 46.8 4.93 10.33 18.99 14.96 

Yangpu 71.69 73.26 1.2 1.14 52.93 51.09 

Minhang 61.93 56.91 1.18 1.37 20.31 22.18 

Baoshan 56.08 55.51 1.76 1.8 12.54 13.37 

Jiading 50.17 51.9 1.23 1.27 37.28 35.46 

Jinshan 60.49 67.1 0.47 0.58 8.61 8.21 

Songjiang 55.83 77.88 0.53 0.84 6.71 9.01 

Qingpu 54.37 51.2 0.84 0.78 15.2 15.8 

Fengxian 49.62 49.01 0.51 0.69 7.89 10.67 
 

Table 9 R&D input and output data of IEADS of 13 districts46 

4.3.2 Data analysis"
Use C2R model and C2GS2 model to calculate the data above, the comprehensive efficiency 
;∗, technical efficiency J∗ and scale efficiency K∗of these districts can be obtained. At the 
same time, whether they are at the stage of decreasing return to scale or increasing return to 
scale can be reflected. The calculation results are as follows:  

District  Year 
;∗ J∗ K∗ +L 

Returns to 
scale 

                                                
45 Source: MatroData Team 
 
46 Data source: Science and Technology Commission of Shanghai Municipality and Shanghai Municipal Bureau of Statistics. 
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Pudong 2013 0.641 0.8647 0.7413 0.7304<1 Increasing 

2014 0.8172 0.9055 0.9025 0.5903<1 Increasing 

Huangpu 2013 0.2983 0.5802 0.5141 0.3480<1 Increasing 

2014 0.4146 0.9679 0.4284 0.2437<1 Increasing 

Xuhui 2013 0.3312 1 0.3312 0.3189<1 Increasing 

2014 0.7315 1 0.7315 0.4091<1 Increasing 

Putuo 2013 0.5989 0.8076 0.7416 0.7307<1 Increasing 

2014 0.7456 0.8052 0.9259 0.6201<1 Increasing 

Zhabei 2013 0.3801 0.7262 0.5234 0.5094<1 Increasing 

2014 0.4584 0.8754 0.5236 0.2928<1 Increasing 

Yangpu 2013 1 1 1 1 Constant 

2014 1 1 1 1 Constant 

Minhang 2013 0.4433 0.8004 0.5539 0.4319<1 Increasing 

2014 0.5589 0.7998 0.6987 0.4341<1 Increasing 

Baoshan 2013 0.3009 0.8623 0.349 0.3364<1 Increasing 

2014 0.3454 0.7381 0.4679 0.2617<1 Increasing 

Jiading 2013 1 1 1 1 Constant 

2014 0.9797 1 0.9797 0.6941<1 Increasing 

Jinshan 2013 0.4153 1 0.4153 0.1627<1 Increasing 

2014 0.3159 1 0.3159 0.1607<1 Increasing 

Songjiang 2013 0.287 0.9417 0.3048 0.1268<1 Increasing 

2014 0.2393 0.7522 0.3182 0.1764<1 Increasing 

Qingpu 2013 0.4102 0.912 0.4498 0.2872<1 Increasing 

2014 0.452 0.995 0.4543 0.3093<1 Increasing 

Fengxian 2013 0.3507 1 0.3507 0.1491<1 Increasing 

2014 0.3451 1 0.3451 0.2088<1 Increasing 

Table 10 DEA efficiency value of IEADS of 13 districts 

1. Average efficiency analysis 

 Pudong Huangpu Xuhui Putuo Zhabei Yangpu Minghang 

;M        
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 Baoshan Jiading Jinshan Songjiang Qingpu Fengxian  

;M        

Table 11 Average comprehensive efficiency of IEADS, by district 

 Pudong Huangpu Xuhui Putuo Zhabei Yangpu Minghang 
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 Baoshan Jiading Jinshan Songjiang Qingpu Fengxian  
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Table 12 Average technical efficiency of IEADS, by district 

 Pudong Huangpu Xuhui Putuo Zhabei Yangpu Minghang 

KL
∗        

 Baoshan Jiading Jinshan Songjiang Qingpu Fengxian  
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Table 13 Average scale efficiency of IEADS, by district 

 Year 2013 2014 

Efficiency 15.38% 7.69% 

Weakly inefficiency 15.38% 30.77% 

Grossly inefficiency 69.27% 61.54% 

Table 14 Distribution of comprehensive efficiency of 13 districts 

2. Projection analysis 

As before, use the data from 2014 for projection analysis. Use C2R model to calculate the 
data above, the slack variables of industrial enterprises in the districts, which are in the status 
of DEA inefficiency, can be seen as follows: 

                District A1
B A2

B 

Pudong 0.0000 0.8144 
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Huangpu 9.8200 0.0000 

Xuhui 0.0000 0.4041 

Putuo 0.0000 0.6277 

Zhabei 0.0000 4.4012 

Minhang 0.0000 0.2707 

Baoshan 0.0000 0.3233 

Jiading 0.0000 0.4530 

Jinshan 9.4210 0.0000 

Songjiang 5.7200 0.0000 

Qingpu 0.4858 0.0000 

Fengxian 1.6108 0.0000 

Table 15 The slack variables of DEA inefficiency districts 

Based on the slack variables above, the redundant value and improved value of IEADS of 13 
districts can be obtained in the table 4.14: 

 Input Indicator 

 R&D Personnel Intensity (%) R&D Intensity (%  

District Actual Value Redundant 
Value 

Improved 
Value 

Actual Value Redundant 
Value 

Improved 
Value 

Pudong 52.92 9.6724 43.2476 1.82 1.147 0.673 

Huangpu 66.74 48.8874 17.8526 0.67 0.3922 0.2778 

Xuhui 40.97 11.0007 29.9693 1.19 0.7236 0.4664 

Putuo 60.93 15.5028 45.4272 1.79 1.0831 0.7069 

Zhabei 46.8 25.3483 21.4517 10.33 9.9962 0.3338 

Minhang 56.91 25.1052 31.8048 1.37 0.8751 0.4949 

Baoshan 55.51 36.3382 19.1718 1.8 1.5017 0.2983 

Jiading 51.9 1.0525 50.8475 1.27 0.4788 0.7912 

Jinshan 67.1 55.3274 11.7726 0.58 0.3968 0.1832 

Songjiang 77.88 64.9602 12.9198 0.84 0.639 0.201 

Qingpu 51.2 28.5437 22.6563 0.78 0.4274 0.3526 
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Fengxian 49.01 33.7099 15.3001 0.69 0.4519 0.2381 

Table 16 The redundant value and improved value of DEA inefficiency districts 

4.4 Comparative Analysis of different registered types!

4.4.1 The selection of comparison objects and data collection"
Based on the data collected by the author, the IEADS of Shanghai was classified according to 
the ownership of enterprises (by registered type). They were classified into six types: state-
owned enterprise (SOE), limited liability companies (LLC), joint-stock limited company 
(JSLC), Hongkong-Macao-Taiwan invested enterprise (HMTE), foreign-investment 
enterprise (FIE), and other (mainly refers to private enterprise). Use the R&D resource 
allocation efficiency of these six types as the decision-making units. At the same time, in 
order to fully reflect the change of the efficiency, this article will make comparative analysis 
of data from 2012, 2013 and 2014. The raw data processing results are shown in table below  

 Input Indicator Output Indicator 

 R&D Personnel Intensity (%) R&D Expenditure 
Intensity %  

Intensity of Sales Revenue of 
New Product %  

Year 2012 2013 2014 2012 2013 2014 2012 2013 2014 

SOE 41.9 58.86 40 1.04 2.08 0.51 18.39 29.22 3.11 

LLC 55.94 57.49 53.87 1.68 1.41 2.04 25.98 25.62 22.3 

JSLC 59.89 62.62 59.15 2.21 2.4 2.73 14.53 15.76 15.95 

HMTE 61.98 55.26 55.77 0.65 1.11 0.83 9.09 9.22 11.13 

FIE 53.18 55.22 57.66 1.06 1.25 1.33 28.87 28.45 24.46 

Other 53.97 54.35 54.39 0.94 0.96 0.83 10.78 12.03 26.51 

Table 17 R&D Inputs and output data of IEADS, by registered type47 

4.4.2 Data Analysis"
Use C2R model and C2GS2 model to calculate the data above, the comprehensive efficiency 
;∗, technical efficiency J∗ and scale efficiency K∗of six different types of enterprises can be 
obtained. At the same time, whether they are at the stage of decreasing return to scale or 
increasing return to scale can be reflected. The calculation results are as follows:  

                                                
47 Data source: Science and Technology Commission of Shanghai Municipality and Shanghai Municipal Bureau of Statistics. 
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  Year ;∗  J∗ K∗ +L Returns to scale 

  
SOE 

2012 0.8085 1.0000 0.8085 0.6370<1 Increasing 
2013 0.9635 1.0000 0.9635 1.0271 1 Decreasing 
2014 0.1909 1.0000 0.1909 0.1173<1 Increasing 

  
LLC 

2012 0.8555 0.8951 0.9558 0.8999<1 Increasing 
2013 0.8650 0.9579 0.9030 0.9005<1 Increasing 
2014 0.8493 0.9616 0.8832 0.8412<1 Increasing 

  
JSLC 

2012 0.4469 0.6996 0.6388 0.5033<1 Increasing 
2013 0.4885 0.8711 0.5608 0.5540<1 Increasing 
2014 0.5532 0.8097 0.6832 0.6017<1 Increasing 

  
HMTE 

2012 0.5135 1.0000 0.5135 0.3149<1 Increasing 
2013 0.3650 0.9835 0.3711 0.3241<1 Increasing 
2014 0.4198 0.8057 0.5211 0.4198<1 Increasing 

  
FIE 

2012 1.0000 1.0000 1.0000 1.0000 Constant 
2013 1.0000 1.0000 1.0000 1.0000 Constant 
2014 0.8703 0.9214 0.9446 0.9227<1 Increasing 

  
Other 

2012 0.4211 0.9324 0.4516 0.3734<1 Increasing 
2013 0.5506 1.0000 0.5506 0.4228<1 Increasing 
2014 1.0000 1.0000 1.0000 1.0000 Constant 

Table 18 DEA efficiency value of IEADS, by registered type 

1. Average efficiency analysis 

In order to comprehensively reflect the efficiency of different types of enterprises, geometric 
average method was introduced to measure the average efficiency ;L= ;L7

∗ ∙ ;LO
∗ ∙ ;LP

∗Q  (;M 
represents the average efficiency of three years of type i). ;* =

. ;7*
∗ ∙ ;O*

∗ ∙ ;P*
∗ ∙ ;R*

∗ ∙ ;S*
∗ ∙ ;T*

∗U   (;*represents the average efficiency of six types in year j). 

The calculation results are shown in the tables below: 

  
SOE LLC JSLC HMTE FIE Other 

;M 
0.5297 0.8566 0.4943 0.4285 0.9547 0.6175 

Table 19 Average comprehensive efficiency of IEADS, by registered type 

 
SOE LLC JSLC HMTE FIE Other 

JL
∗ 

1 0.8245 0.7902 0.9254 0.9731 0.9769 

Table 20 Average technical efficiency of IEADS, by registered type 
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SOE LLC JSLC HMTE FIE Other 

KL
∗ 

0.5298 0.9135 0.6255 0.4631 0.9812 0.6288 

Table 21 Average scale efficiency of IEADS, by registered type 

 2012 2013 2014 

;V  0.6370 0.6587 0.5657 

Table 22 Annual average comprehensive efficiency of IEADS 

Based on the results of table 4.6, six types of industrial enterprises were divided into three 
categories: efficiency (;∗ =1), weakly inefficiency (;* <;∗ <1), and grossly inefficiency 
(;∗<;* ). The results can be seen as follows: 

 2012 2013 2014 

Efficiency 16.67% 16.67% 16.67% 

Weakly inefficiency 16.67% 33.33% 33.33% 

Grossly inefficiency 66.67% 50% 50% 

Table 23 Distribution of comprehensive efficiency of IEADS, by registered type 

2. Projection analysis 

According to the projection theorem of DEA method, the DMUs, which are DEA inefficiency, 
can be projected on the efficient production frontier through formula (3), thus turn to DEA 
efficiency.  

%LW = ;∗%L − ALB

'*W = '* + A*
D...... ..................................................................................(3) 

%L, '* , represent the actual values of the input and output indicators respectively, %L′ , '*′ , 
represent the improved value respectively; it is the efficiency value of DMU0; ALB, A*D , 
represent the slack variables of each indicators. Because the DEA model used in this research 
is based on the input, which means to analysis the input redundancy based on the existing 
output level, and explain the excessive inputs did not give full play to the role, so the 
projection theorem was only used to analysis the input indicators. The slack variables of input 
indicators of DEA inefficiency industrial enterprises are as follows (data from 2014):  
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A1
B A2

B 

SOEs 1.2562 0.0000 

LLC 0.0000 1.0344 

JSLC 0.0000 1.0110 

HMTEs 0.5794 0.0000 

FIEs 0.0000 0.3917 

Table 24 The slack variables of DEA inefficiency IEADS, by registered type 

Based on the slack variables in table 4.8, the redundant value of each input indicator can be 
calculated through formula (4). 

Y%L = (1− ;∗)%L + ALB.........................................................................(4)           

For the industrial enterprises that are DEA inefficiency, there is certain inputs redundancy 
under the given output. These redundant inputs did not play a proper role, so they should be 
reduced. Such as reduce the proportion of R&D personnel and reduce the R&D intensity, in 
order to rationalize the input structure. At the same time, the R&D resource input should be 
carefully managed, for fully play the promoting role of R&D personnel and expenditure in 
the development of industrial enterprises. The redundant value and improved value was 
calculated as follows: 

 Input Indicator 

 R&D Personnel Intensity %  R&D Intensity %  

�  Actual 
Value 

Redundant 
Value 

Improved 
Value 

Actual Value Redundant 
Value 

Improved 
Value 

SOEs 40 33.62 6.38 0.51 0.41 0.1 

LLC 53.87 8.12 45.75 2.04 1.34 0.7 

JSLC 59.15 26.43 32.72 2.73 2.23 0.5 

HMTEs 55.77 32.93 22.84 0.83 0.48 0.35 

FIEs 57.66 7.48 50.18 1.33 0.56 0.77 

Table 25 The redundant value and improved value of IEADS, by registered type 

4.5 Comparative Analysis of new and high technology industries!
4.5.1 The selection of comparison objects and data collection"
As the pioneer of Shanghai’s science and technology innovation and the one in the forefront 
to transfer science and technology into productivity, new and high technology industries is 
the core of the industrial technology innovation. The characteristics of new and high 
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technology industries are: high intensity of R&D expenditure, high intensity of R&D 
personnel input, and has strong penetration ability for other industries. The development of 
other industries can be promoted through technology diffusion. Therefore, six main types of 
new and high technology industries are chosen as the research objects in this part. The inputs 
and output data of six main types of new and high technology industries are as follows: 

 
Input Indicator Output Indicator 

 
R&D Personnel Intensity 

(%) 
R&D Intensity (%) Intensity of Sales 

Revenue of New 
Product %  

Year 2012 2013 2014 2012 2013 2014 2012 2013 2014 

Electronic Chemicals 
Manufacturing 

100 75 66.67 2.91 2.97 1.94 12.84 29.63 34.18 

Pharmaceutical Manufacturing 63.64 64.77 66.67 3.01 2.47 2.9 30.7 24.29 25.55 

Aviation and Aircraft 
Manufacturing 

75.76 83.78 51.28 24.28 10.2 20.37 13.11 11.15 11.32 

Electronic and Communication 
Device Manufacturing 

48.3 55.63 54.15 1.79 2.9 2.9 23.72 24.03 27.19 

Electronic Computers and Office 
Equipment 

22.92 17.07 24.39 0.07 0.07 0.09 0.77 1.13 1.17 

Medical Equipment and Meters 54.32 63.53 59.09 2.05 3.34 3.17 12.13 14.56 14.75 

Table 26  R&D inputs and output data of new and high technology industries48 

4.5.2 Data Analysis"
Use C2R model and C2GS2 model to calculate the data above, the comprehensive efficiency 
;∗, technical efficiency J∗ and scale efficiency K∗of six different types of industries can be 
obtained. At the same time, whether they are at the stage of decreasing return to scale or 
increasing return to scale can be reflected. The calculation results are as follows: 

 Year 
;∗  J∗ K∗ +L 

Returns to 
Scale 

Electronic 2012 0.333 0.3627 0.9181 0.5413<1 Increasing 

                                                
48 Data source: Science and Technology Commission of Shanghai Municipality and Shanghai Municipal Bureau of Statistics. 
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Chemicals 
Manufacturing 

2013 1 1 1 1 Constant 

2014 1 1 1 1 Constant 

Pharmaceutical 
Manufacturing 

2012 0.9823 1 0.9823 1.2943>1 Decreasing 

2013 0.983 0.9874 0.9956 0.9678<1 Increasing 

2014 0.7475 0.8 0.9344 0.7475<1 Increasing 

Aviation and 
Aircraft 

Manufacturing 

2012 0.3524 0.4827 0.73 0.5527<1 Increasing 

2013 0.3081 0.4051 0.7605 0.4640<1 Increasing 

2014 0.4306 0.702 0.6134 0.3312<1 Increasing 

Electronic and 
Communication 

Device 
Manufacturing 

2012 1 1 1 1 Constant 

2013 1 1 1 1 Constant 

2014 0.9794 1 0.9794 0.7955<1 Increasing 

Electronic 
Computers and 

Office 
Equipment 

2012 0.8301 1 0.8301 0.0325<1 Increasing 

2013 1 1 1 1 Constant 

2014 0.7379 1 0.7379 0.0342<1 Increasing 

Medical 
Equipment and 

Meters 

2012 0.4547 0.6532 0.6961 0.5114<1 Increasing 

2013 0.5306 0.6246 0.8494 0.6059<1 Increasing 

2014 0.4869 0.6756 0.7207 0.4315<1 Increasing 

Table 27 DEA efficiency value of new and high technology industries 

1. Average efficiency analysis 

 Electronic 
Chemicals 

Manufacturing 

Pharmaceutical 
Manufacturing 

Aviation and 
Aircraft 

Manufacturing 

Electronic and 
Communication 

Device 
Manufacturing 

Electronic 
Computers 
and Office 
Equipment 

Medical 
Equipment 
and Meters 

;M       

Table 28 Average comprehensive efficiency of new and high technology industries 

 Electronic 
Chemicals 

Manufacturing 

Pharmaceutical 
Manufacturing 

Aviation and 
Aircraft 

Manufacturing 

Electronic and 
Communication 

Device 
Manufacturing 

Electronic 
Computers 
and Office 
Equipment 

Medical 
Equipment 
and Meters 

JL
∗ 0.71 0.92 0.52 1 1 0.64 

Table 29 Average technical efficiency of new and high technology industries 

 Electronic 
Chemicals 

Pharmaceutical Aviation and 
Aircraft 

Electronic and 
Communication 

Electronic 
Computers 

Medical 
Equipment 
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Manufacturing Manufacturing Manufacturing Device 
Manufacturing 

and Office 
Equipment 

and Meters 

KL
∗ 0.97 0.97 0.7 0.99 0.85 0.77 

Table 30 Average scale efficiency of new and high technology industries 

 2012 2013 2014 

Efficiency 16.67% 50% 16.67% 

Weakly Inefficiency 33.33% 16.67% 50% 

Grossly Inefficiency 50% 33.33% 33.33% 

Table 31 Distribution of comprehensive efficiency of new and high technology industries 

2. Projection analysis 
As before, use the data from 2014 for projection analysis. Use C2R model to calculate the 
data above, the slack variables of DEA inefficiency industries can be seen as follows: 

 Industry  A7B AOB  

Pharmaceutical Manufacturing 0.0000 0.7176 

Aviation and Aircraft Manufacturing 0.0000 8.1285 

Electronic and Communication Device Manufacturing 0.0000 1.2971 

Electronic Computers and Office Equipment 15.7142 0.0000 

Medical Equipment and Meters 0.0000 0.7063 

Table 32 The slack variables of DEA inefficiency industries 

Based on the slack variables above, the redundant value and improved value of industrial 
enterprises of 13 districts can be seen in the table 4.19: 

 Input Indicator 

 R&D Personnel intensity %  R&D Intensity %  

  Actual 
Value 

Redundant 
Value 

Improved 
Value 

Actual 
Value 

Redundant 
Value 

Improved 
Value 

Pharmaceutical 
Manufacturing 

66.67 16.83 49.84 2.9 1.45 1.45 
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Aviation and Aircraft 
Manufacturing 

51.28 29.2 22.08 20.37 19.73 0.64 

Electronic and 
Communication Device 

Manufacturing 

54.15 1.11 53.04 2.9 1.36 1.54 

Electronic Computers 
and Office Equipment 

24.39 22.12 2.27 0.09 0.02 0.07 

Medical Equipment and 
Meters 

59.09 30.32 28.77 3.17 2.33 0.84 

Table 33 The redundant value and improved value of DEA inefficiency industries 

4.6 Comparative Analysis of six key industries 
4.6.1 The selection of research object and data collection"

The six key industries: Electronic Information Product Manufacturing industry, Automobile 
Manufacturing industry, Petrochemical and Fine Chemical Products Manufacturing industry, 
Fine Steel Manufacturing industry, Equipment Complex Manufacturing industry and Bio-
medicine Manufacturing industry, are the main power of Shanghai’s industry. They have 
played an important role in the industrial development over the years, their gross industrial 
output value accounted for the proportion of all IEADS are more than 65% per year. At the 
same time, they are the main power of Shanghai’s R&D resources inputs. Data from 2012 to 
2014 was selected for the analysis.  

 
Input Indicator Output Indicator 

 
R&D Personnel 
Intensity %  

R&D Intensity %  Intensity of Sales 
Revenue of New Product 

%  

Year 2012 2013 2014 2012 2013 2014 2012 2013 2014 

Electronic Information Product 
Manufacturing 

46.24 49.67 51.17 0.8 1.17 1.3 13.71 11.61 13.98 

Automobile Manufacturing 57.82 63.78 57.91 1.98 2.24 2.06 65.84 54.24 55.68 

Petrochemical and Fine Chemical 
Products Manufacturing 

58.65 60.91 61.72 0.45 0.47 0.69 8.34 6.31 6.74 

Fine Steel Manufacturing 69.81 66.04 67.31 2.88 2.18 2.23 13.75 12.39 12.59 

Equipment Complex 
Manufacturing 

61 61.18 56.62 2.3 2.1 2.48 35 36.83 36.08 



 55"

Bio-medicine Manufacturing 59.32 65.15 64.43 2.56 2.69 2.9 22.76 19.92 20.84 

Table 34  R&D inputs and output data of six key industries49 

4.6.2 Data analysis"
Use C2R model and C2GS2 model to calculate the data above, the comprehensive efficiency 
;∗, technical efficiency J∗ and scale efficiency K∗of six key industries can be obtained. At the 
same time, whether they are at the stage of decreasing return to scale or increasing return to 
scale can be reflected. The calculation results are as follows:  

 Year 
;∗ J∗ K∗ +L 

Returns to 
Scale 

Electronic Information 
Product Manufacturing 

2012 0.5154 1 0.5154 0.2082<1 Increasing 
2013 0.4098 1 0.4098 0.2140<1 Increasing 
2014 0.3979 1 0.3979 0.2511<1 Increasing 

Automobile Manufacturing 2012 1 1 1 1 Constant 
2013 1 1 1 1 Constant 
2014 1 1 1 1 Constant 

Petrochemical and Fine 
Chemical Products 

Manufacturing 

2012 0.5574 1 0.5574 0.1267<1 Increasing 
2013 0.5544 1 0.5544 0.1163<1 Increasing 
2014 0.3614 1 0.3614 0.1210<1 Increasing 

Fine Steel Manufacturing 2012 0.173 0.6625 0.2611 0.2088<1 Increasing 
2013 0.2347 0.756 0.3105 0.2284<1 Increasing 
2014 0.2089 0.7602 0.2748 0.2261<1 Increasing 

Equipment Complex 
Manufacturing 

2012 0.5039 0.8356 0.603 0.5316<1 Increasing 
2013 0.7243 0.9483 0.7638 0.6790<1 Increasing 
2014 0.6628 0.9668 0.6855 0.6480<1 Increasing 

Bio-medicine Manufacturing 2012 0.3369 0.8134 0.4142 0.3457<1 Increasing 
2013 0.3595 0.8046 0.4468 0.3673<1 Increasing 
2014 0.3364 0.8114 0.4146 0.3743<1 Increasing 

Table 35 DEA efficiency value of six key industries 

1.  Average efficiency analysis 

 Electronic 
Information 

Product 
Manufacturing 

Automobile 
Manufacturing 

Petrochemical 
and Fine 
Chemical 
Products 

Manufacturing 

Fine Steel 
Manufacturing 

Equipment 
Complex 

Manufacturing 

Bio-medicine 
Manufacturing 

;M       

Table 36 Average comprehensive efficiency of six key industries 
                                                
49 Data source: Science and Technology Commission of Shanghai Municipality and Shanghai Municipal Bureau of Statistics. 
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 Electronic 
Information 

Product 
Manufacturing 

Automobile 
Manufacturing 

Petrochemical 
and Fine 
Chemical 
Products 

Manufacturing 

Fine Steel 
Manufacturing 

Equipment 
Complex 

Manufacturing 

Bio-medicine 
Manufacturing 

JL
∗ 1 1 1 0.72 0.92 0.81 

Table 37 Average technical efficiency of six key industries 

 Electronic 
Information 

Product 
Manufacturing 

Automobile 
Manufacturing 

Petrochemical 
and Fine 
Chemical 
Products 

Manufacturing 

Fine Steel 
Manufacturing 

Equipment 
Complex 

Manufacturing 

Bio-medicine 
Manufacturing 

KL
∗ 0.44 1 0.48 0.28 0.68 0.42 

Table 38 Average scale efficiency of six key industries 

Year 2012 2013 2014 

Efficiency 16.67% 16.67% 16.66% 

Weakly Inefficiency 50% 33.33% 16.66% 

Grossly Inefficiency 33.33% 50% 66.67% 

Table 39 Distribution of comprehensive efficiency of six key industries 

2. Projection analysis 
As before, use the data from 2014 for projection analysis. Use C2R model to calculate the 
data above, the slack variables of DEA inefficiency industries can be seen as follows: 

 Industry   A1
B  A2

B  

Electronic Information Product Manufacturing 5.8187 0.0000 

Petrochemical and Fine Chemical Products 
Manufacturing 

15.2952 0.0000 

Fine Steel Manufacturing 0.9652 0.0000 

Equipment Complex Manufacturing 0.0000 0.3088 

Bio-medicine Manufacturing 0.0000 0.2046 

Table 40 The slack variables of DEA inefficiency industries 
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Based on the slack variables above, the redundant value and improved value of industrial 
enterprises of six key industries can be seen in the table 4.23: 

 Input Indicator 

 R&D Personnel Intensity %  R&D Intensity %  

Industry Actual 
Value 

Redundant 
Value 

Improved 
Value 

Actual 
Value 

Redundant 
Value 

Improved 
Value 

Electronic Information Product 
Manufacturing 51.17 36.63 14.54 1.3 0.78 0.52 

Petrochemical and Fine 
Chemical Products 

Manufacturing 
61.72 54.71 7.01 0.69 0.44 0.25 

Fine Steel Manufacturing 67.31 54.22 13.09 2.23 1.76 0.47 

Equipment Complex 
Manufacturing 56.62 19.1 37.52 2.48 1.15 1.33 

Bio-medicine Manufacturing 64.43 42.76 21.67 2.9 2.13 0.77 

Table 41 The redundant value and improved value of DEA inefficiency industries 

4.7 Analysis of Source and expenditure structures  

4.7.1 Analysis of source structure of intramural R&D expenditure 

 2010 2011 2012 2013 2014 

Government Funds (100 
million Yuan) 

16.77 18.21 27.38 20.76 37.16 

Enterprise Funds  (100 
million Yuan) 

253.75 321.42 339.85 375.03 407.53 

Foreign Funds (100 
million Yuan) 

2.37 2.15 3.29 7.76 2.75 

Table 42 Source structure of intramural R&D expenditure of IEADS50 

4.7.2 Analysis of intramural R&D expenditure structure "

 2010 2011 2012 2013 2014 
Intramural R&D Expenditure (100 million 

Yuan) 
274.05 343.76 371.51 404.78 449.22 

Basic Research 	BR
  0.01  0.12 0.17 
Proportion 0.0000% 0.0029% 0.0000% 0.0296% 0.0378% 

Applied Research 	AR
 2 12.4 3.24 0.72 2.33 

                                                
50 Data source: Science and Technology Commission of Shanghai Municipality. 
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Proportion 0.73% 3.61% 0.87% 0.18% 0.52% 
Experimental Development 	ED
 272.05 331.36 368.27 403.94 446.71 

Proportion 99.27% 96.39% 99.13% 99.79% 99.44% 

Table 43 Intramural R&D expenditure structure of IEADS51 

4.7.3 Analysis of R&D personnel input structure "

 2010 2011 2012 2013 2014 
R&D personnel FTE 69077 79162 82355 92136 93869 

Basic Research 	BR
  11  51 55 
Proportion  0.0139%  0.0554% 0.0586% 

Applied Research 	AR
 244 1085 409 208 307 
Proportion 0.35% 1.37% 0.50% 0.23% 0.33% 

Experimental Development 	ED
 68833 78066 81946 91877 93507 
Proportion 99.65% 98.62% 99.50% 99.72% 99.61% 

Table 44  R&D personnel structure of IEADS52 

4.8 R&D inputs and government support analysis, by size!
IEADS can be divided into three types: large-scale industrial enterprise, medium-sized 
industrial enterprise and small-sized industrial enterprise. In this part, the R&D inputs of 
these three sizes will be analyzed. 

4.8.1 R&D intensity analysis, by size 

In this part, the R&D intensity of each size of IEADS will be calculated. The indicators used 
in this part are intramural R&D expenditure of each size and gross industrial output value of 
each size. And the formula is intramural R&D expenditure/gross industrial output value. 

 Year 
Intramural R&D 

expenditure 1000 
million Yuan  

Gross Industrial Output 
Value 1000 million 

Yuan  
R&D 

intensity 

 large-scale industrial 
enterprise 

2012 233.68 17324.39 1.35 

2013 265.02 17523.65 1.51 

2014 278.34 17333.45 1.61 

medium-sized industrial 
enterprise 

2012 83.8 7187.88 1.17 

2013 85.51 7007.89 1.22 

2014 100.78 6974.91 1.44 

                                                
51 Data source: Science and Technology Commission of Shanghai Municipality. 
52 Data source: Science and Technology Commission of Shanghai Municipality and Shanghai Municipal Bureau of Statistics. 
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small-sized industrial 
enterprise 

2012 54.03 7377.64 0.73 

2013 54.25 7774.24 0.70 

2014 70.1 8356.83 0.84 

Table 45 Intramural R&D expenditure intensity of IEADS53 

4.8.2 Proportion of R&D personnel, by size 

In this part, the proportion of R&D personnel of each size of IEADS will be calculated. The 
indicators used in this part are the number of R&D personnel of each size and the total 
number of employees of each size. The formula is the number of R&D personnel/ total 
number of employees. 

 Year Number of R&D 
personnel 

Number of 
employees Proportion 

large-scale industrial enterprise 

2012 50302 960780 5.24% 

2013 56665 922567 6.14% 

2014 53721 869446 6.18% 

medium-sized industrial enterprise 

2012 33430 807284 4.14% 

2013 33989 774146 4.39% 

2014 38375 703896 5.45% 

small-sized industrial enterprise 

2012 24615 881664 2.79% 

2013 26152 872319 3.00% 

2014 32238 839039 3.84% 

Table 46  Proportion of R&D personnel, by size54 

4.8.3 Analysis of numbers and proportions, by size"

 Year Number Proportion 

Large-scale 

2012 325 3.33% 

2013 313 3.20% 

2014 292 3.08% 

Medium-sized 2012 1498 15.33% 

                                                
53 Data source: Science and Technology Commission of Shanghai Municipality and Shanghai Municipal Bureau of Statistics. 
54 Data source: Science and Technology Commission of Shanghai Municipality and Shanghai Municipal Bureau of Statistics. 
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2013 1450 14.80% 

2014 1337 14.12% 

Small-sized 

2012 7949 81.34% 

2013 8033 82.00% 

2014 7840 82.80% 

Sum of three types 

2012 9772  

2013 9796  

2014 9469  

Table 47 Numbers and proportions of IEADS, by size55 

Size Year Number Proportion 

 2012 228 70.15% 

Large-scale 2013 231 73.80% 

 2014 210 71.92% 

 2012 541 36.11% 

Medium-sized 2013 457 31.52% 

 2014 440 32.91% 

 2012 691 8.69% 

Small-sized 2013 716 8.91% 

 2014 826 10.54% 

 2012 1460 14.94% 

Sum of three types 2013 1404 14.33% 

 2014 1476 15.59% 

Table 48 Numbers and proportions of launching R&D activities, by size56 

4.8.4 Analysis of government-invested technical project, by size 

Government-invested technical project is an important way to support the development of the 
enterprise. By getting the government-invested technical projects, enterprise can obtain some 
benefits, such as special funds, tax relief, technical support etc. the data in this part is aimed 

                                                
55 Data source: Shanghai Municipal Bureau of Statistics. 
56 Data source: Science and Technology Commission of Shanghai Municipality and Shanghai Municipal Bureau of Statistics. 
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to reflect the acquisition situation of government-invested technical project of different sizes 
of IEADS. 

 Number of government-
invested technical project 

Project funding (million Yuan) Tax relief (million Yuan) 

 2012 2013 2014 2012 2013 2014 2012 2013 2014 

Large-scale 
enterprise 

7153 7162 4576 29104.15 33480.18 35530.59 2338.64 2092.46 2386.0
7 

Medium-
sized 

enterprise 

6942 6841 4858 10546.8 12843.12 13697.61 627.53 498.11 616.28 

Small-sized 
enterprise 

7081 8628 7546 8209.17 8614.58 10173.69 317.67 397.48 461.79 

Total 21176 22631 16980 47860.12 54937.88 59401.89 3283.84 2988.05 3464.1
4 

Table 49 Number of government-invested technical project, by size57 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

                                                
57 Data source: Science and Technology Commission of Shanghai Municipality. 
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5.! Analysis 
The innovation capacity of an innovation system was determined by the innovation ability 
and interaction of the actors inside of it (Metcalfe, 1995; OECD, 1997; Cooke, 1998). The 
innovation performance of these actors is affected by the holding quantity and utilization rate 
of the innovation resources (Porter, 1990; Yongda, 2006). There are two main factors that 
affecting the innovation holding quantity: internal innovation resources holding quantity and 
innovation resources agglomeration capacity, which can help agglomerate the innovation 
resources outside the system (Porter, 1990; Yu, 2014; Yongda, 2006; Sen, 2008). Increase the 
holding quantity and improve the utilization rate can promote the development of the 
innovation actors; in return, well developed innovation actors can build the foundation for 
innovation resources agglomeration (Yongda, 2006).  

Technological innovation is an important component of innovation, and has direct impact on 
economic performance (Yongda, 2006; Xiaoan, Binbin, Baoyan, 2007; Romer, 1986). 
Industrial enterprises are the main power of the technological innovation development (Jiaji, 
2001), thus, improve the innovation ability of industrial enterprises can improve the 
innovation resources agglomeration capacity of the innovation system in significant measure 
(Debin, 2015; Yongda, 2006; Feiqiong & Sen, 2011). In industrial enterprises, the main 
manifestation of technological innovation activities is R&D activities (Bin, 2008); the scale 
of the R&D resources inputs and efficiency of R&D activities are the determine factors of the 
technological innovation ability (Furman, Porter, & Stern, 2002; Wang, 2010; Ding & Zhu, 
2008).  

Therefore, in this part, the analysis object will be the R&D resources inputs and efficiency of 
R&D activities of IEADS. IEADS refers to the industrial enterprises that the prime operating 
revenue are above 20 million Yuan58. This is because the data used in this research is official 
data, the industrial enterprises below designated size are out of the official statistical range. 
The data sources of this part are National Bureau of Statistics of China, Shanghai Municipal 
Bureau of Statistics, Science and Technology Commission of Shanghai Municipality. 

Average value was used in the R&D inputs and output analysis and efficiency analysis. For 
China, government intervention has a significant influence on the market, the new policies 
and policy changes will lead to market fluctuations in the short run, the same situation applies 
to industrial enterprises (Xiao, 2004; Guiping; 2013; Liyun, 2016). The use of average can 
avoid some abnormal fluctuations affect the results of the research. 

According to the resource based view and the diamond model theory (Porter, 1990), the 
innovation resources agglomeration capacity and using ability determines the regional 
innovation capacity; and meanwhile conversely, according to the advantage integration 
theory put forward by Yongda Yu (2006), the innovation resources agglomeration capacity 
was determined by the regional innovation capacity. Therefore, in order to find ways of 
improving the innovation resources agglomeration capacity, the current innovation 
foundation need to be analyzed.  

                                                
58 Literature source: http://www.zjktj.gov.cn/News_View.asp?NewsID=759 
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Industrial innovation system is an important subsystem of regional innovation system (Qin, 
Zhigao, Huayou, Yimei, 2012; Mingmin, Shu, 2009), it occupies the core position in the 
regional innovation system, and its development can promote the development of regional 
innovation system (Ruqing, 2012). Technological innovation has the most significant 
influence on the development of economy (Xiaoan, Binbin, Baoyan, 2007; Romer, 1986), as 
the main force of technological innovation (Jiaji, 2001; Weiwen, 1994), industrial enterprises 
will be the main object for analyze the current innovation foundation of Shanghai. As the 
main type of innovation resources of industrial enterprises, the holding quantity and 
utilization efficiency of R&D resources determines the technological innovation ability of 
industrial enterprises (Bin, 2008). Therefore, the current technological innovation foundation 
of Shanghai can be measured through the analysis of R&D resources inputs and utilization 
efficiency, and the relevant problems can be revealed.  

Regional innovation system is composed of a series of interactive actors (Nelson, 1993; 
Hájková & Hájek, 2010), the improvement of innovation ability of IEADS can affect the 
other actors by diffusion and interaction relationship, thus to improve the overall innovation 
capacity to some extent (Hauknes, 1999; Sen, 2008). At the same time, due to the interactive 
relationship, some problems existing in the other actors can be revealed. The sources of the 
innovation resources of IEADS will be analyzed in this part, through this analysis, the 
problems cause the low efficiency of the IEADS, which existing in the relevant actors, such 
as government and bank, can be revealed; then, combined with the results obtained from the 
interview, to put forward the conclusion. 

In addition to the external and objective conditions, the technological innovation ability of the 
IEADS can be affected by the innovation willingness (Yong, Zhengyu, Helin, & Qian, 2016). 
And the innovation willingness can be affected by policies (Wenfeng & Mengxuan, 2013). 
Therefore, Shanghai’s IEADS will be divided into large-sized, medium-sized and small-sized 
according to the size. Then, their innovation willingness will be analyzed, and combined with 
the information collected by the interview, to put forward the conclusion. 

5.1 Comparative analysis of Shanghai and major provinces 

5.1.1 Absolute amounts of R&D inputs and outputs, by provinces 

From the comparison analysis of R&D inputs and output, the relatively situation of 
Shanghai’s IEADS can be revealed, and thus can determine the direction of policy-making. 
In order to rule out short-term fluctuations, average value was used in this analysis (Pingquan, 
2005) (average value of 2012-2014). 
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Figure 17 R&D inputs of Shanghai and major provinces 

(The data of this figure was presented in table 7, chapter 4) 

 
Figure 18 R&D output of Shanghai and major provinces&

(The data of this figure was presented in table 7, chapter 4) 

As can be seen from the tables above, compared with the major provinces of China, the 
absolute amount of R&D inputs and output of Shanghai’s IEADS is relatively low.  

R&D inputs will determine the scale of R&D activities, and thus directly affect the R&D 
output (Huang, Wu & Li, 2010), which will affect the technological innovation output to a 
certain extent (Bin, 2008), the analysis shows that the absolute amount of R&D inputs of 
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Shanghai’s IEADS is still need to be improved, so the direction of policy-making should be 
increase the R&D inputs. 

5.1.2 DEA efficiency analysis of Shanghai and major provinces 

From the comparison analysis of DEA efficiency, the relatively situation of Shanghai’s R&D 
resource allocation efficiency of IEADS can be revealed.  

1. Comprehensive efficiency of Shanghai and major provinces 

Comprehensive efficiency is an important indicator in DEA efficiency analysis, if the 
comprehensive efficiency value of a decision-making unit (here is province and city) equals 1, 
means this decision-making unit is DEA efficiency, if the value less than one, means DEA 
inefficiency. DEA efficiency represents the decision-making unit has a rational R&D 
resource allocation, DEA inefficiency means the resource allocation efficiency of this 
decision-making unit is unreasonable, there are resources waste phenomenon. 

 
Figure 19 Comprehensive efficiency of Shanghai and major provinces 

(The data of this figure was presented in table 8, chapter 4) 

As can be seen from the table above, compared with the major provinces of China, the 
comprehensive efficiency value of Shanghai is relatively high, which means Shanghai has a 
relatively reasonable R&D resources allocation, and the overall R&D resources management 
ability of Shanghai is better than other provinces in China. But because of the natural defects 
of the official data, further researches are still needed. Thus, in the next, the R&D resources 
allocation situation of different types of IEADS, different districts, and different industries 
will be analyzed.  

2. Technical efficiency and scale efficiency of Shanghai and major provinces  
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For the DEA inefficiency DMUs, only know the comprehensive efficiency values is not 
enough, because there are two causes of DEA inefficiency: technical inefficiency and scale 
inefficiency. At the same time, know the specific cause is also important for improve the 
comprehensive efficiency. Generally speaking, the main reasons for technical inefficiency are: 
R&D resources collocation is not reasonable, and low level of management ability. The main 
reason for scale inefficiency is the existing of redundant inputs, thus the proportion of output 
is lower than the proportion of inputs (Bin, 2009). For the DMUs that are technical 
inefficiency but scale efficiency, the way to improve the comprehensive efficiency is to 
improve the management ability and reasonable collocation of R&D resources. For the 
DMUs that are technical efficiency but scale inefficiency, the way to improve the 
comprehensive efficiency is to cut the redundant inputs, and expand (increasing return to 
scale) or reduce (decreasing return to scale) the scale of R&D activities. If the DMUs are both 
technical inefficiency and scale inefficiency, all the measures mentioned above need to be 
took. If the DMUs are both technical efficiency and scale efficiency, which, DEA efficiency, 
the way to increase the R&D output is to increase the R&D inputs. 

 
Figure 20 Technical efficiency and scale efficiency of Shanghai and major provinces 

(The data of this figure was presented in table 8, chapter 4) 

The table above reflects that compared with the major provinces in China, the technical 
efficiency value and scale efficiency value of Shanghai is relatively high. But when 
considering the natural defects of official data, and the overall situation cannot reflect the 
specific districts and industries, further researches are still needed. 

5.2 R&D resources allocation efficiency analysis, by district 

At present, there are 17 districts in Shanghai, considering the comparability of data, four 
districts will not participate in this analysis, they are: Jingan, Changning and Hongkou, which 
are mainly developing service industry; another one is Chongming, the nature reserve of 
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Shanghai. As the result of industrial park, the distribution of Shanghai’s industrial enterprise 
presents obvious regionality, for example the automobile enterprises are mainly located in 
Jiading district, new and high technology enterprises are mainly located in Pudong district59. 
Thus, on the one hand, the comparative analysis of different districts can help finds out the 
weak districts; on the other hand, can reflects the R&D resources allocation efficiency 
situation of different industries. 

5.2.1 R&D inputs and output intensity, by district 

 
Figure 21 R&D inputs intensity, by district 

(The data of this figure was presented in table 9, chapter 4) 

 
Figure 22 R&D output intensity, by district 

(The data of this figure was presented in table 9, chapter 4) 

                                                
59 Literature source: http://www.sheitc.gov.cn/cysj/index.htm 
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As can be seen from the figure above, the overall output intensity of Shanghai is low. The 
R&D personnel intensity of Zhabei district is higher than other district, but the R&D output 
intensity is relatively low, this is caused by mismatching of R&D personnel and R&D 
expenditure. The R&D intensity of Huangpu district is the highest, but the R&D output 
intensity is even lower than Zhabei district. The R&D output intensity of Jinshan, Songjiang, 
and Fengxian is lower than 9.5, which means, these districts must be facing with inefficiency 
problem. 

5.2.2 DEA efficiency analysis, by district 

Through the DEA efficiency analysis, the DEA efficiency of different different districts can 
be compared, and the specific reasons of its inefficiency can be revealed. 

1.! Comprehensive efficiency analysis, by district 

Different colors represent different efficiency value intervals; the gray parts are the districts 
that are not participate in the comparison analysis. 0.4835 is the average value of ;L. (average 
value of comprehensive efficiency of three consecutive years) of the 13 districts.  

 
Figure 23 Comprehensive efficiency distribution map of IEADS, by district 

(The data of this figure was presented in table 11, chapter 4) 

The figure above shows that except for Yangpu district, almost all the districts of Shanghai is 
in the status of DEA inefficiency, especially Qingpu, Songjiang, Jinshan, Fengxian, Zhabei 
and Huangpu, correspondently, the R&D output intensity of these districts are very low, 
which means the further policies should focus on improve the R&D resources allocation 
efficiency of these districts. 

2. Technical efficiency and scale efficiency analysis, by district  
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Figure 24 Technical efficiency and scale efficiency analysis, by district 

(The data of this figure was presented in table 12 and table 13, chapter 4) 

As can be seen from the figure above, the value of technical efficiency of these 13 districts 
are almost all higher then 0.8, except for Huangpu (0.7494). The value of scale efficiency is 
varying from district to district. For the districts that the value of comprehensive efficiency is 
lower than 0.4835 (average value), the value of scale efficiency is almost lower than 0.6, 
which means, they are scale inefficiency. The reason of DEA inefficiency of these districts 
are mainly scale inefficiency, which means the R&D inputs of these districts have not been 
fully used, and certain rate of waste (redundant value in chapter 4) is existing in these 
districts. At the same time, according to table 18, chapter 4, the districts that are DEA 
inefficiency are in the stage of increasing return to scale, which means for these districts, the 
value of scale efficiency can be improved through the reasonable increase of the R&D inputs.  

3. Waste rate and practical utilization rate of R&D inputs, by district 
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Figure 25 Waste rate of R&D inputs, by district 

 (The data of this figure was presented in table 16, chapter 4) 

 
Figure 26 Practical utilization rate of R&D inputs, by district 

 (The data of this figure was presented in table 16, chapter 4) 

Although the result of overall efficiency analysis of Shanghai shows that Shanghai has a 
relatively reasonable R&D resource utilization, but the results of deep analysis is not 
optimistic. As can be seen from the two figures above, the R&D resource waste phenomenon 
is existing in almost all the districts (except for Yangpu), in addition to Jiading district, the 
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practical R&D expenditure utilization rates are less than 50%; and there are 7 districts’ 
practical R&D personnel input utilization rates are less than 50%. Most of the R&D inputs do 
not play a proper role, but were wasted. 

5.3 R&D resource allocation efficiency analysis, by registered type 

The IEADS can be divided into six categories (by registered type): state-owned enterprise, 
limited liability company, joint-stock limited company, Hongkong-Macao-Taiwan invested 
enterprise, foreign invested enterprise and other (mainly refers to private enterprise)60. State-
owned enterprise, limited liability company, joint-stock limited company and other (mainly 
refers to private enterprise) are in the scope of domestic enterprise. Through this analysis, the 
efficiency status of each type can be reflected.  

5.3.1 R&D inputs and output intensity, by registered type 

 
Figure 27 R&D input intensity, by registered type 

(The data was presented in table 17, chapter 4) 

 

                                                
60 Literature source: http://www.stats.gov.cn 
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Figure 28 Intensity of sales revenue of new product, by registered type 

 (The data was presented in table 17, chapter 4) 

As can be seen from the tables above, the R&D resource inputs intensity of limited company 
is higher than other types, but the output is relatively low. The R&D inputs intensity of state-
owned enterprise is the lowest, although compare with other types, state-owned enterprise is 
easier to get resources. The R&D intensity of Hongkong-Macao-Taiwan invested enterprise 
is high, but as its R&D personnel input intensity, the R&D output intensity is low. On the 
whole, from the perspective of R&D resources inputs intensity, there is little difference 
between domestic enterprise and foreign invested enterprise, but from the perspective of 
R&D output intensity, the domestic enterprise is behind the foreign invested enterprise.  

5.3.2 DEA efficiency analysis, by registered type 

Through the DEA efficiency analysis, the DEA efficiency of different types of enterprise can 
be compared, and the specific reasons of domestic enterprise lag behind the foreign invested 
enterprise can be revealed. 

1. Comprehensive efficiency, by registered type 
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Figure 29 Comprehensive efficiency, by registered type 

 (The data was presented in table 19, chapter 4) 

As can be seen from the table above, the comprehensive efficiency of foreign invested 
enterprise is higher than other types, which means, the R&D resources allocation efficiency 
of foreign invested enterprise is higher than other types. High efficiency can bring high 
productivity, so from this analysis the reason of its high output can be revealed. The 
comprehensive efficiency of Hongkong-Macao-Taiwan invested enterprise is the lowest, 
correspondently, its R&D output is also the lowest.  

As a whole, the situation of domestic enterprise is not optimistic: the value of comprehensive 
efficiency of joint-stock limited company is less than 0.5, the value of comprehensive 
efficiency of state-owned enterprise and other (mainly refers to private enterprise) is less than 
0.62 (if the comprehensive efficiency is 1, the decision-making unite is DEA efficiency). 
Opposite with the domestic enterprise, the comprehensive efficiency of foreign invested 
enterprise is 0.9547, close to 1, which means the management ability and resource utilization 
of foreign enterprise is better than domestic enterprise.  

2. Technical efficiency and scale efficiency, by registered type 

From the analysis of technical efficiency and scale efficiency, the specific reason of the low 
comprehensive efficiency can be revealed. 
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Figure 30 Technical efficiency and scale efficiency, by registered type 

 (The data was presented in table 20 and table 21, chapter 4) 

As can be seen from the figure above, the main reason of the low comprehensive of domestic 
enterprise is scale inefficiency: the value of technical efficiency of joint-stock limited 
company, state-owned enterprise and limited liability company is higher than 0.8 (data comes 
from table 12), but the value of scale efficiency is lower than 0.63 (data comes from table 13), 
except for limited liability company (0.9135, data comes from table 13), which means the 
main reason for the low comprehensive efficiency of domestic enterprise is scale inefficiency, 
and the R&D inputs have not been fully used, there is a certain degree of waste. 

Scale efficiency refers to the production in the stage of constant return to scale (Lothgren & 
Tambour, 1996). For scale inefficiency, there are two different situations: (1) increasing 
return to scale, which means, increase a certain proportion of inputs can bring a higher 
proportion of output; (2) on the contrary, at the stage of decreasing return to scale means that 
increase in inputs leads to a less than proportional increase in output (Lozano & Villa, 2010). 
The domestic enterprise is in the stage of increasing return to scale (data from table 10), 
which means at the same time of improve the R&D resource utilization efficiency, the R&D 
output can be increased thorough reasonable increase the R&D inputs (Cooper, Seiford & 
Zhu, 2004). 

3. Efficiency distribution map, by registered type 

Use the data of comprehensive efficiency of different types of enterprises, the efficiency map 
of Shanghai’s IEADS can be draw as follows.  When the value of comprehensive efficiency 
is 1, the certain type of enterprise is efficiency; when the value of comprehensive efficiency 
is less than 1 but more than average comprehensive efficiency of six types (table 14), the 
certain type of enterprise is weakly inefficiency; when the value of comprehensive efficiency 
is less than the average comprehensive value, the certain type of enterprise is grossly 
inefficiency (Cooper, Seiford & Zhu, 2004). 
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Figure 31 Efficiency map of Shanghai’s IEADS, by registered type&

(The data of this figure was presented in table 23, chapter 4) 

The figure above shows that 50% of Shanghai’s IEADS are in the status of grossly 
inefficiency, 33% are in the status of weakly inefficiency, only 17% are efficiency. The R&D 
resources allocation situation of Shanghai is not optimistic, resources wastage and low level 
of management ability is ubiquitous. The government needs to take some measures to change 
this situation. 

4. Waste rate and practical utilization rate of R&D inputs, by registered type 

The data used in this analysis is not average data, is the the data of 2014, and objects of this 
analysis is the types that are DEA inefficiency in 2014.  
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Figure 32 Wastage rate of R&D inputs, by registered type 

(The data of this figure was presented in table 25, chapter 4) 

 
Figure 33 Practical utilization rate of R&D inputs, by registered type&

 (The data of this figure was presented in table 25, chapter 4) 

The actual value represents the actual R&D resources inputs; the redundant value represents 
the R&D resources that have been wasted; and the improved value represents the R&D 
resources that have been fully used (Bin, 2008). 

The figures above show that the waste rage of R&D inputs of domestic enterprise is higher 
than the foreign invested enterprise. The overall waste rate of domestic enterprises is high, 
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especially for state-owned enterprise. The waste rate of R&D personnel input is 84.05%, and 
the waste rate of R&D expenditure is 80.39%. For the limited liability company and joint-
stock limited company, the waste rate of R&D expenditure is higher than the waste rage of 
R&D personnel input.  

Compared with other types of enterprise, state-owned enterprises are more likely to get R&D 
resources, but the waste rate of the state-owned enterprises is the highest, as can be seen from 
the figures above, more than 80% R&D resource inputs of state-owned enterprises are wasted. 
The results show that it is urgent for the government to take some measures to change this 
situation, to improve the R&D resources utilization of state-owned enterprise.  

5.4 Analysis of new and high technology industries 

Compared with the traditional industry, new and high technology industry has a series of 
characteristics, such as: higher intensity of R&D inputs and output, more policy support, and 
more obvious technology diffusion effect (Zhiqian, 2000). As an important part of Shanghai’s 
innovation system, new and high technology industry can be the first foothold of the policies 
that are focus on improve the innovation resources agglomeration capacity of Shanghai (Lin
2015). In this part, the analysis object are the new and high technology industries of Shanghai. 

5.4.1 R&D inputs and output intensity analysis 

 
Figure 34 R&D inputs of new and high technology industries 

 (The data of this figure was presented in table 26, chapter 4) 
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Figure 35 R&D output of new and high technology industries 

(The data of this figure was presented in table 26, chapter 4) 

Through the two figures above, the R&D inputs and output situation of Shanghai’s new and 
high technology industries can be revealed. The R&D personnel input intensity and R&D 
intensity of Electronic Computers and Office Equipment industry are the lowest, 
correspondently, the R&D output of it is also the lowest, this shows that the R&D inputs of 
Electronic Computers and Office Equipment industry should be increased. The R&D 
personnel input intensity of Aviation and Aircraft Manufacturing industry ranked the third 
within these six industry, and its R&D intensity is the highest, but the R&D output of this 
industry ranked fifth, this shows that the innovation resources inputs of the Aviation and 
Aircraft Manufacturing industry were wasted to a certain extent.  

5.4.2 DEA efficiency analysis of new and high technology industries  

1. Comprehensive efficiency analysis  
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Figure 36 Comprehensive efficiency of new and high technology industries&

(The data of this figure was presented in table 28, chapter 4) 

As it shows in the figure above, within the six industries, no one is DEA efficiency (the value 
of comprehensive efficiency =1), which means the new and high technology industries of 
Shanghai have a poor performance. Especially Aviation and Aircraft Manufacturing industry 
and Medical Equipment and Meters industry, the comprehensive efficiency values of these 
two industries are lower than 0.5.  

2. Technical efficiency and scale efficiency analysis  

 
Figure 37 Technical efficiency and scale efficiency of new and high technology industries 

 (The data of this figure was presented in table 29 and table 30, chapter 4) 
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As a whole, the values of scale efficiency of the new and high technology industries are 
higher than the values of technical efficiency. For Electronic Chemicals Manufacturing 
industry and Pharmaceutical Manufacturing industry, the value of scale efficiency is close to 
1 (when the value of scale efficiency equals to 1, means the industry is scale efficiency), thus 
the main reason of the low comprehensive efficiency for these two industries is technical 
efficiency, so for these two industries, the management ability need to be improved in order 
to improve the R&D resources allocation efficiency. For Aviation and Aircraft 
Manufacturing industry and Medical Equipment and Meters industry, they need to cut the 
redundant inputs (the inputs that did not play its role), and at the same time, improve the 
management ability. 

3. Efficiency distribution of new and high technology industries 

 
Figure 38 Efficiency distribution map of new and high technology industries 

 (The data of this figure was presented in table 31, chapter 4) 

The figure above shows that half of the new and high technology industries are in the status 
of weakly inefficiency, 33% are in the status of grossly inefficiency, and just 17% are in the 
status of efficiency. New and high technology industries holding the leading position in the 
process of technology diffusion, and can influence the technology upgrading and 
technological innovation of other industries through osmotic effect. The analysis result shows 
that the performance of the new and high industries is not good enough, especially Aviation 
and Aircraft Manufacturing industry and Medical Equipment and Meters industry. Therefore, 
for the policy-makers, firstly, the R&D resources allocation efficiency of new and high 
technology industries need to be improved, in order to promote the technological innovation 
ability; secondly, Aviation and Aircraft Manufacturing industry and Medical Equipment and 
Meters industry should be the focus of attention. 

4 Waste rate and practical utilization rate of R&D inputs 
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Figure 39 Waste rate of R&D inputs of new and high technology industries 

 (The data of this figure was presented in table 33, chapter 4) 

 
Figure 40 Practical utilization rate of R&D inputs of new and high technology industries 

 (The data of this figure was presented in table 33, chapter 4) 

Compared with traditional industries, new and high technology industries enjoying a series of 
preferential policies, for example tax preference, financial subsidy, preferential loans et al., 
but from the point of view of the analysis result, these resources have not been fully used. For 
Aviation and Aircraft Manufacturing industry, the waste rate of R&D personnel input is 
56.94%, the waste rate of R&D expenditure is 96.86%; for Electronic Computers and Office 
Equipment industry, the waste rate of R&D personnel input is 90.69%; for Medical 
Equipment and Meters industry, the practical utilization rate of R&D personnel input is less 
than 50%, and for the R&D expenditure, it is less than 27%.  
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These data show that the R&D resources, which are mainly brought by the preferential 
policies, has been grossly wasted. This phenomenon reveals the defects of Shanghai subsidy 
policies: the lack of follow-up supervision mechanism and incentive mechanism.  

5.5 Analysis of six key industries 

The six key industries are the main force of Shanghai’ industry, they play the supporting role 
of the development of Shanghai’s industry over the years (Huanhuan & Yongqing, 2015). 
The gross value of industrial output of six key industries accounted more than 65% of the 
total gross value of industrial output. At the same time, the proportion of their R&D resources 
inputs is also the highest, they determine the distribution of Shanghai’s R&D resources inputs 
by registered type, by district and by scale to a certain extent.  

In 2012, the number of R&D personnel inputs of six key industries are 82000, accounted for 
75.8% of all IEADS; their R&D expenditure is 30.695 billion Yuan, accounted for 82.6% of 
all IEADS. In 2014, the proportion of R&D personnel input is 75.12%, and the proportion of 
R&D expenditure is 83.74%. Therefore, through the improvement of the technological 
innovation ability of six key industries to improve its innovation resources agglomeration 
ability has a significant effect on improve the innovation resources agglomeration ability of 
Shanghai (ibis). Thus, it is reasonable to take six key industries as another foothold of the 
policies. 

5.5.1 R&D inputs and output intensity analysis 

 
Figure 41 R&D inputs intensity of six key industries 

 (The data of this figure was presented in table 34, chapter 4) 
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Figure 42 R&D output intensity of six key industries 

 (The data of this figure was presented in table 34, chapter 4) 

As can be seen from the figures above, from the aspect of R&D intensity, there is little 
difference within six industries, and Fine Steel Manufacturing industry is the highest, the 
value is 67.72; for the R&D personnel intensity, Petrochemical and Fine Chemical Products 
Manufacturing industry is the lowest, the value is 0.54; then is Electronic Information 
Product Manufacturing industry, the value is 1.09. For the rest four industries, the value of 
R&D personnel input intensity has little difference.  
From the perspective of R&D output intensity, different with the situation of R&D input 
intensity, the difference is big. The output intensity of Petrochemical and Fine Chemical 
Products Manufacturing industry is the lowest, then is Fine Steel Manufacturing industry.  

5.5.2 DEA efficiency analysis of six key industries 

1.! Comprehensive efficiency analysis  
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Figure 43 Comprehensive efficiency of six key industries 

(The data of this figure was presented in table 36, chapter 4) 

The figure above shows that the R&D resource allocation efficiency of Shanghai’s six key 
industries is not optimistic: only the comprehensive efficiency value of Automobile 
Manufacturing industry equals 1 (means the Automobile Manufacturing industry is in the 
status of DEA efficiency). For the rest five industries, the highest is the Equipment Complex 
Manufacturing industry, 0.62, another four industries are less than 0.5. It is noteworthy that 
the comprehensive efficiency value of Fine Steel Manufacturing industry is extremely low, 
only 0.2, which suggest that it is urgent to take some measures to improve its R&D resources 
allocation efficiency. The data used in this analysis is presented in table 33, chapter 4. 

2.! Technical efficiency and scale efficiency analysis 
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Figure 44 Technical efficiency and scale efficiency analysis of six key industries&

(The data of this figure was presented in table 37 and table 38, chapter 4) 

From the analysis of technical efficiency and scale efficiency, the reason for the low 
comprehensive efficiency (DEA inefficiency) can be revealed. As presented in the figure 
above, for Petrochemical and Fine Chemical Products Manufacturing industry and Electronic 
Information Product Manufacturing industry, the value of technical efficiency equals 1, 
which means they are in the technical efficiency status, for these two industries, they have 
good management, the reason for their DEA inefficiency is scale inefficiency, and as shown 
in the table 35, chapter 4, they are in the stage of increasing return to scale. Thus, for these 
two industries, firstly, the redundant R&D resources inputs need to be cut; secondly, the scale 
of R&D activities need to be expanded. For Equipment Complex Manufacturing industry, 
Bio-medicine Manufacturing industry and Fine Steel Manufacturing industry, they are both 
technical inefficiency (the value of technical efficiency less than 1) and scale inefficiency (the 
value of scale efficiency less than 1). So for these three industries, they need to cut the 
redundant R&D inputs, expand the scale of R&D activities, improve the management ability, 
and collocate the R&D resources reasonably.  

3.!  Efficiency distribution map of six key industries 
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Figure 45 Efficiency distribution map of six key industries 

 (The data of this figure was presented in table 39, chapter 4) 

For Shanghai’s six key industries, 67% are in the grossly inefficiency status, 17% are in the 
weakly inefficiency status, only 16% are in the DEA efficiency status. The six key industries 
occupy a decisive position in Shanghai’s industry, their efficiency status determines the 
overall efficiency status of Shanghai’s IEADS to a certain extent. But the research result 
shows that the six key industries are generally in a state of low efficiency, thus, the policy 
makers need to take some measures to improve this situation. Because increase the R&D 
resources allocation efficiency of six key industries can improve the overall R&D resources 
allocation efficiency significantly.  

4.! Waste rate and practical utilization rate of R&D inputs of six key industries 
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Figure 46 Waste rate of R&D inputs of six key industries 

(The data of this figure was presented in table 41, chapter 4) 

 

Figure 47 Practical utilization rate of R&D inputs of six key industries 

(The data of this figure was presented in table 41, chapter 4) 

Because the Automobile Manufacturing industry is in the DEA efficiency status, according to 
the DEA model specification and assumption, it has a reasonable allocation of resources, well 
R&D resource utilization, and good management ability, therefore, the Automobile 
Manufacturing industry didn’t participate in the waste rage and practical utilization rate 
analysis. 
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As can be seen from the figures above, except for Equipment Complex Manufacturing 
industry, the practical utilization rate of R&D inputs of the rest four industries is less than 
50%, which means more than half of the R&D resources inputs are wasted. The waste rate of 
R&D personnel input of Petrochemical and Fine Chemical Products Manufacturing industry 
reached 88.64%. For the Fine Steel Manufacturing industry, the waste rate of R&D personnel 
input reached 80.55%, the waste rate of R&D expenditure reached 78.92%.  Measures need 
to be taken to improve the R&D resources efficiency status of six key industries; the 
Petrochemical and Fine Chemical Manufacturing industry and Fine Steel Manufacturing 
industry should be the focus of these policies. 

5.6 Source and expenditure structures analysis 

As an actor in an interactive system (innovation system is an interactive system which 
consists of series actors, such as enterprise, financial institutions, government, universities et 
al.), enterprise's behavior would be affected by other actors, and vise versa (Hájková & Hájek, 
2010). Thus, through the analysis of source structure of R&D resources of industrial 
enterprises, the defects existing in the relevant providers can be revealed. A favorable source 
structure is the guarantee of sustainable and stable R&D inputs (Baoquan & Jing, 1999); the 
expenditure structure can reflect the current emphasis of the R&D activities to a certain 
extent (Pin, Xianfeng & Wenfei, 2011); thus, through these analysis, the reason for the 
insufficiency technological innovation capacity of Shanghai can be revealed. Improve the 
technological innovation capacity and ensure the good operation of innovation system, can 
provide a good foundation for innovation resources agglomeration (Yongda, 2006).  

Because this research is from the perspective of R&D activities of IEADS, therefore in this 
part, the source structure of intramural R&D expenditure, the expenditure structure of 
intramural R&D expenditure and R&D personnel will be analyzed.  

5.6.1 Source structure of intramural R&D expenditure  

The source of intramural R&D expenditure should be abundant and various (Pin, Xianfeng & 
Wenfei, 2011). Firstly, diversified sources of funds reflects the various actors, which mainly 
refer to government, different kinds of financial institutions and enterprises, are cooperate 
with each other, and the innovation system is in the favorable operation status; secondly, 
abundant source of funds can ensure the sustainability and stability of R&D resources inputs 
of enterprise (Ping, 2014). From the analysis of source structure of R&D expenditure of 
IEADS, the defects existing in these cooperate relationships and the funds providers can be 
revealed. 
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Figure 48 Source structure of intramural R&D expenditure of IEADS absolute amount.&

 ( 100 million Yuan. 

(The data of this figure was presented in table 42, chapter 4) 

 
Figure 49 Source structure of intramural R&D expenditure of IEADS (proportion) 

(The data of this figure was presented in table 42, chapter 4) 

The figures above suggest that the main source of intramural R&D expenditure of Shanghai’s 
IEADS is funds from inside of enterprise. The proportion of government funds is very low.  
The data show that there is no money from financial institutions. For venture capital and 
private capital, according to the interviewee in this research, they usually involved in the 
form of shareholder, thus these funds are often included in the category of enterprise funds, 
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bank loans are the truly missing source. Barriers of access to bank loans, interest rate and lack 
of willingness of lending are the main reason for this situation61. 

5.6.2 Expenditure structure of R&D resources  

According to Practical Manual of Science and Technics Statistics 62 R&D activities 
including basic research (BR), applied research (AR), and experimental development (ED). 
Basic research is aiming to understand the natural or other phenomena, and to obtain the 
knowledge about the basic principle of the nature or other phenomena. Applied research has a 
certain application purpose in the process of obtain knowledge, the aim of applied research is 
to solve the practical problems by using the nature laws purposefully. Through applied 
research, the knowledge acquired by basic research can develop into practical application. 
Experimental development means to make improvement of existing knowledge in order to 
get new materials, new product, new technology, new services et al (Union, 2006). 

The common characteristic of basic research and applied research is adding new knowledge 
of science and technology. Although the fundamental purposes of applied research and 
experimental development are the same, but the experimental development did not increase 
new knowledge, it creates new applications by the comprehensive utilization of existing 
knowledge63.  

Experimental development can bring short-term technical innovation capacity, however, with 
the continuous development of science and technology, and the upgrading of scientific and 
technological knowledge, basic research and applied research are the source of sustainable 
technological innovation capacity in the long-term. It is generally believed in the world that 
the reasonable proportion of AR, BR, and ED should be 1:1:3 (Bin, 2008). 

                                                
61 Literature source: http://www.haodai.com/zixun/78342.html 
62 Published by Ministry of Science and Technology of China, China Society for Science and Technology Indicators, and 
Science and technology literature press, 2008. 
63 Literature source: http://www.wisegeek.com/what-is-the-difference-between-basic-and-applied-research.htm 
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Figure 50 Intramural R&D expenditure structure of IEADS (absolute amount) 

 (100 million Yuan) 

(The data of this figure was presented in table 43, chapter 4) 

 

 
Figure 51 Intramural R&D expenditure structure of IEADS (proportion)&

 (The data of this figure was presented in table 43, chapter 4) 

As can be seen from the figures above, almost all the intramural R&D expenditure of 
Shanghai’s IEADS are invested in the experimental development. It is a similar situation in 
the aspect of R&D personnel input:  
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Figure 52  R&D personnel input structure of IEADS (absolute quantity)&

 (The data of this figure was presented in table 44, chapter 4) 

 

 
Figure 53 R&D personnel input structure of IEADS (proportion) 

 (The data of this figure was presented in table 44, chapter 4) 

The figures suggest that almost all the R&D resources inputs of Shanghai’s IEADS are put 
into the experimental development. Due to the high risk, and uncertain returns, these 
enterprises are not willing to invest in basic research and applied research. This is a way of 
unsustainable development. In the short term, this way can rapidly increase innovation output 
relatively, and thus increase the profits; but in the long run, insufficient investment in basic 
research and applied research will bring adverse effect on the development of technological 
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innovation capacity. At the same time, as the main carrier of employment, the behavior of the 
enterprise will also affect the behavior of educational institutions, makes them change 
training focus.  

From the perspective of enterprise, according to the interviewee of this research, the first 
priority is to survive and get profits. As can be seen from the analysis of source structure of 
R&D funds, the main source is intramural funds of enterprise. For enterprises, especially 
small and medium enterprises, continuing investment in basic research and applied research, 
which may not bring profits in the short term, is the thing that they cannot afford, therefore, 
the government is needed to assume this responsibility.  

5.7 Comparative analysis, by size 

From the perspective of enterprise size, IEADS contains three components: large-scale 
enterprise, medium-sized enterprise, and small-sized enterprise (Guanyu, 1987). The previous 
analysis revealed some problems that existing in Shanghai’s IEADS, for different size of 
enterprises, policies should be different. Thus, the analysis of different sizes of IEADS is 
need. At the same time, through the analysis of existing policies toward different sizes of 
IEADS, the deficiency of existing polices can be revealed, thus provides suggestions for 
further policy making.  

5.7.1 R&D intensity and proportion of R&D personnel, by size 

 
Figure 54 R&D intensity of IEADS, by size 

 (The data of this figure was presented in table 45, chapter 4) 
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Figure 55 Proportion of R&D personnel of IEADS, by size 

 (The data of this figure was presented in table 46, chapter 4) 

The figures above suggested that the R&D inputs intensity of small-sized enterprise is the 
lowest among the three sizes of enterprises. From the enterprise level, the R&D inputs 
intensity was mainly affected by the following factors: holding quantity of internal resources, 
willingness, technological opportunity, and government support (Bin, 2009). The purpose of 
this article is to provide policy recommendations for policy makers, thus, the following 
analysis will focus on willingness, and government support (government policies can 
stimulate the willingness of R&D activities to a certain extent). 

5.7.2 Analysis of R&D inputs willingness of different sizes 

 
Figure 56 Proportions of different size of IEADS 

 (The data of this figure was presented in table 47, chapter 4) 

In 2014, the total number of IEADS of Shanghai is 9469, the number of enterprise that have 
R&D activities is 1476, among them, the number of large-scale enterprise is 210, accounted 
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for 71.92% of the total number of large enterprises; the number of medium-sized enterprise is 
440, accounted for 32.91% of the total number of medium-sized enterprise; and the number 
of small-sized enterprise is 826, accounted for 10.54% of the total number of small-sized 
enterprise. These data suggest that among the three sizes of IEADS, the willingness of R&D 
inputs of small-sized enterprise is the lowest. On the one hand, this is caused by the 
insufficient economic strength of small-sized enterprises; on the other hand, insufficient 
government support is an important reason: 

 
Figure 57 Number of government-invested technical project, by size 

 (The data of this figure was presented in table 49, chapter 4) 
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Figure 58 Average number of government-invested technical project, by size 

 (The data of this figure was presented in table 47 and table 49, chapter 4) 

Government-invested technical project is an important way for government to support the 
R&D activities of enterprises (Lanyun, 2010), and this is the main tool used by Shanghai’s 
government at present (Bin, 2008). Through the participation of government-invested 
technical project, enterprise can get some benefits and supports, such as special funds, tax 
concessions, and technical support (mainly comes from the public research institutions set up 
by the government) (Hong, Yujian & Xiaohui, 2006).  

As can be seen from the figures above, from perspective of the total number of government-
invested technical projects, in 2013 and 2014, the number of projects that launched by the 
small-sized enterprises is more than other two types of enterprises. But when considering the 
total number of different sizes of enterprise, the situation is different. From the perspective of 
the calculation results of the average number: in 2014, each large-scale enterprise can get 
15.67 projects, for small-sized enterprise, the number is 3.63, but for small-sized enterprise, 
the number is 0.96 (the data used in this analysis is from table 44 and table 46, chapter 4). 
Thus it can be seen that, most of the government-invested projects are put into the large-scale 
and medium sized enterprise, and quite a number of small firms did not get support from the 
government-invested project.  

The insufficient supports for small-sized enterprises are more obviously reflected in special 
funds:  

 
Figure 59 Special funds analysis, by size 

 (The data of this figure was presented in table 49, chapter 4) 

Although the number of the government-invested technical project launched by the small-
sized enterprises is more than medium-sized enterprise and large-scale enterprise in 2012 and 
2013, but the special funds invested in the small-sized enterprise is far less than other two 
types of enterprises. As can be seen from the figure above, more than 60% of special funds 
are put into the large-scale enterprise, for small-sized enterprise, the proportion is 17%.  
At present, Shanghai's large-scale and medium-sized enterprises are mainly state-owned 
enterprises and foreign enterprises, the small-sized enterprise is mainly domestic private 
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enterprises64. For the small-sized industrial enterprise, it’s often difficult to get loans from the 
bank65, thus the government support is very important for their R&D activities. The small-
sized IEADS holds great potential, to increase the inputs can effectively motivate their 
technological innovative potential (Ning, Xuefen & Shaobo, 2010).Therefore, the further 
policies should pay more attention on the small-sized enterprises, and provide more support 
for their R&D activities.  
 
 
 

                                                
64 Literature source: http://jsnews.jschina.com.cn/system/2015/03/26/024111120.shtml 
65 Literature source: http://www.chinaacc.com/new/287_290_201009/13li71679900.shtml 



 98"

Conclusion 
Innovation system is composed of interactive actors. Innovation resources are not only the 
basis of the operation and development of innovation system, but also the source of the 
competitive advantage and sustainable innovation capacity. On the one hand, the innovation 
resources agglomeration capacity and using ability determines the competitiveness of the 
innovation system; on the other hand, the development of the innovation system is the 
foundation of innovation resources agglomeration. Therefore, by analyzing the current 
utilization of innovation resources, the current problems existing in the innovation system 
and make improvement, the innovation resources agglomeration capacity of the innovation 
system can be improved.  

Under the background of the economic downturn, in order to promote economic growth, the 
government wants to develop Shanghai into a global science and technology center. With 
reference to the existing successful experience, this goal means to establish a well-
functioning and sustainable regional innovation system. As one kind of innovation, 
technology innovation has significant effects on economic growth. As the main carrier of 
innovation resources and the actor that transform innovative technology into products, 
industrial enterprise occupies the main position in technological innovation. At the same time, 
the industrial innovation system which composed of industrial enterprises is in the core 
position of the regional innovation system. For industrial enterprise, technological innovation 
is mainly achieved through R&D activities. Therefore, analyze the R&D input and output 
efficiency of industrial enterprises can reveal the causes of insufficient technical innovative 
capacity of Shanghai; at the same time, the problems of the actors which have interactive 
relationship with industrial enterprises can be revealed. Through the improvements of these 
deficiencies, can improve the technological innovative capacity, and promote regional 
innovation system development to a certain extent. Thus, providing a better basis for 
innovation resources agglomeration, and achieve the goal of improve the innovation 
resources agglomeration capacity of Shanghai. 

6.1 Problems existing in Shanghai’s IEADS 

1. Insufficient R&D resources inputs  

From the perspective of absolute amount, the absolute amount of R&D inputs of Shanghai’s 
IEADS is much lower than the IEADS in Jiangsu, Guangdong, Shandong and Zhejiang 
province. For example, in 2004, the R&D personnel FTE of IEADS of Jiangsu province is the 
4.5 times of Shanghai, and its R&D expenditure is approximate three times of Shanghai.  The 
absolute amount of R&D inputs determines the scale of the R&D activities to a certain extent, 
and the R&D input intensity reflects the effort degree in technological innovation. From the 
point of these two aspects, Shanghai needs to make some improvement.  

2.! Low R&D resources utilization efficiency 

On the whole, Shanghai’s R&D resources utilization is in a state of low efficiency, and there 
are serious R&D resources waste phenomenon. Within the districts that participated in the 
comparative analysis, in addition to Yangpu district, the R&D resources utilization of the rest 



 99"

districts are in the state of inefficiency, what’s more, more than half of the districts are in 
serious inefficiency state. 

From the perspective of registered type, the R&D resources utilization of state-owned 
enterprise and joint stock limited company is low, the waste rate of R&D personnel input of 
state-owned enterprises is as high as 84.05%, for the R&D expenditure, is 80.39%. From the 
perspective of new and high technology industry, the values of R&D resources utilization 
efficiency of Aviation and Aircraft Manufacturing industry and Medical Equipment and 
Meters industry are less than 0.5. And the waste rate of R&D expenditure of Aviation and 
Aircraft Manufacturing industry is as high as 96.86%, the waste rate of R&D personnel input 
of Medical Equipment and Meters industry is as high as 90.69%. From the perspective of six 
key industries, the industries in grossly inefficiency state accounted fro 67% of the total. One 
of the most significant is the Fine Steel Manufacturing industry: The R&D personnel input 
intensity of Fine Steel Manufacturing industry ranked second, and its R&D intensity is the 
highest, but the value of R&D resources utilization efficiency is just 0.2, the waste rate of 
R&D expenditure is as high as 78.92%, the waste rate of R&D personnel is as high as 
80.55%.  
The grossly waste of R&D inputs restricts the development of Shanghai technological 
innovation capacity.  
3. The government input intensity is low 
In recent years, the government increased the investment in technological innovation of 
industrial enterprise. Within the intramural R&D expenditure, investment from the 
government is growing, but the proportion is still very low. Within the intramural R&D 
expenditure of developed countries such as the United States, France, Britain, Italy, and 
Canada, the proportion of government funds has remained at above 30%. In the contrary, the 
proportion of government funds of industrial enterprises’ intramural R&D expenditure is less 
than 9% for many years. This suggests that from the perspective of R&D funding structure, 
government funds need to be increased. 

 2011 2012 2013 2014 

Intramural R&D Expenditure 
(100 million) 

343.76 371.51 403.55 447.44 

Government Funds (100 
million) 

18.21 27.38 20.76 37.16 

Proportion 5.30% 7.37% 5.14 % 8.31% 

Table 50 The proportion of government funds of intramural R&D expenditure66 

4. The inadequate attention on basic research and applied research 

                                                
66 Shanghai Municipal Bureau of Statistics. 
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From the perspective of the types of R&D activities, the R&D inputs of Shanghai’s industrial 
enterprises were mainly invested in “development”, rather than “research”. In 2014, the 
expenditure of experimental development (ED), which directly used in the development of 
new products and new technology, is 44.67 billion Yuan. But the expenditure on basic 
research (BR) and applied research (AR) are 0.17 Yuan and 2.33 Yuan respectively. It is 
more obvious from the perspective of R&D personnel input: during 2012-2014, the 
proportion of R&D personnel input in BR and AR is less than 0.5%. The current situation of 
the imbalanced structure was caused by the technology and market situation. On one hand, as 
the main body of R&D, industrial enterprise was restricted by the developmental stage; it is 
still in the learning process that digesting and absorbing the existing technology (such as the 
imported high technology). On the other hand, the market pressure and the nature of pursue 
profits led to the strong motivation for commercial application of R&D activities. However, 
in the long run, sustainable competitive advantage can only be achieved through continuous 
progress of science and technology, which means, pay more attention to BR and AR. But the 
development of BR and AR is time-consuming, R&D resource consuming, and with high risk, 
what's more, it is often no return in the short term. Under this circumstance, government 
funding will play an important role in supporting R&D activities; it can promote the 
development of enterprise’s innovation activities from two aspects: increase the quantity and 
improve the quality. At the same time, the inadequate attention on research, revealed another 
problem existing in Shanghai’s innovation system.  

5.! Tightened lending standards 

At present, the financing channel of China's small-sized and medium-sized enterprise is 
narrow, especially small-sized enterprises. Firstly, government funds mainly invest to state-
owned large-scale and medium-sized enterprises, private small-sized and medium-sized 
enterprises can't get enough support. Secondly, because of the consideration of financial risks, 
the corporate bond issued by the small-sized and medium-sized enterprises, especially the 
private enterprises, is difficult to get approval. Thirdly, there is no policy-based financial 
institutions aimed at small and medium-sized enterprises in the financial system, and the 
SME credit guarantee system has not been built. Fourthly, the poor financial regulation 
makes the private finance institutions unreliable and unstable.  

From the current situation, small and medium-sized enterprises have not yet established the 
external market financing system, basically, they are relying on internal financing. The 
snowballing development pattern has become a major "bottleneck" that restricting the 
development of private small and medium-sized enterprises. 

The development of the financial system and the perfection of financial regulation is a long-
term process. Under this circumstance, bank loans will undoubtedly become more important 
for private small and medium-sized enterprises. Tightened lending standards makes them 
hard to get funds, and restrict the R&D activities scale and enthusiasm of private small and 
medium-sized enterprises to a certain extent. 

6.! Insufficient attention to small enterprises 
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In terms of the structure of the present government-invested technical project, the main 
benefit object is the large-scale enterprises. From the perspective of the number of projects, in 
2014, each large-scale enterprise can get 15.67 projects, for medium-sized enterprise, is 3.63, 
but for small-sized enterprise, is 0.96. From the perspective of the funds provided through the 
government-invested technical projects, the funds get by the large-scale enterprises accounted 
for 60% of the total, for small-sized enterprises, only 17%.  Compared with the large-scale 
and medium-sized enterprises, small-sized enterprises have fewer resources, and it’s more 
difficult for them to get venture capital and bank loans. The insufficient attention to the 
small-sized enterprises will affect their enthusiasm of R&D activities. 

6.2 Suggestions for the policy makers 

1. Adjust the structure of R&D activities 

As the source of new knowledge and invention, basic research and applied research are the 
key to improve the independent innovation capacity and technological innovation capacity. 
Also, basic research and applied research are the important foundation of long-term 
technology development and regional and national competitiveness. Restricted by the 
development stage of enterprise, Shanghai’s industrial enterprises are tending to emphasis on 
experimental development rather than basic research and applied research, in the long run, it 
is bad for enterprise’s core competitiveness. 

It is generally believed in the world that a quite reasonable proportion of basic research, 
applied research and experimental development is 1:1:3. For example, the proportions of 
basic research and applied research of America and Russia are almost close to 1:1, the sum of 
these two types of researches accounted for 40% of the intramural R&D expenditure of 
America; the proportions of basic research and applied research of South Korea, Japan and 
France are about 1:1.5, the sum of these two types of researches accounted for 36% of South 
Korea and Japan, for France, is 60%. This shows that the developed countries and newly 
industrializing countries attached great importance to basic research and applied research. But 
for Shanghai, in 2014, the proportion is 1:1.7:11, the sum of these two types of researches 
just accounted for 19% of the intramural R&D expenditure. Compared with the countries 
above, the input of scientific research (basic + applied research) is quite low, especially for 
the industrial enterprise, thus led to the weak innovation ability. Therefore, the bottleneck is 
more and more obvious as the development of industry. In order to solve this problem, 
government funds should fully play its leverage role, guide the R&D inputs of industrial 
enterprise toward basic research and applied research.  

2. Promote the development of key industries with government funds 

In recent years, government funds play an important role in promoting the development of 
independent innovation ability of Shanghai’s industrial enterprise. On one hand, government 
funds play a supplementary role in industrial enterprise’s intramural R&D expenditure. On 
the other hand, government's investment behavior can play a guide role, drive a lot of private 
funds to follow it, thus affects the direction and amount of R&D inputs. Take the government 
funds as the guide, along with the policies related to economy and science and technology, 
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will directly and effectively control the direction of R&D inputs. Especially for the industries 
that are important for national and regional economic development, public fields and R&D 
projects that are out of the enterprises’ reach.  

For the industries that have R&D inputs waste phenomenon, certain indicators should be set 
up, government investment should base on these indicators, thus to press them to improve the 
R&D resource allocation efficiency and management ability thorough economic benefits.  

3. Stimulate the innovation willingness of small-sized enterprise 

Different from traditional industries, strategic emerging industries and new and high 
technology industries present the obvious trend of miniaturization. These enterprises often 
establish on the basis of knowledge and technological capital, and have flexible R&D 
direction. Therefore, they have unique advantages of gasping the direction of cutting-edge 
technology. In 2014, the number of small-sized IEADS is 7840, accounted for 82.8% of the 
total IEADS, these small-sized enterprises contain a huge innovation potential. But as can be 
seen from the empirical findings, the proportion of R&D inputs of small-sized industrial 
enterprise is less than other types of industrial enterprises, so it is necessary to take some 
economic measures or even administrative measures to change this situation. concretely 
speaking, firstly, the government support for small-sized enterprises, especially private small-
sized enterprises should be increased. Secondly, loosen the lending standards, and provide 
special loan for small-sized enterprises. 

4. Expanding the scale of R&D activities of new and high technology industry 

New and high technology industry is the concentration area of innovation activities; it can 
affect the enterprises within the regional innovation system through technology diffusion. 
Shanghai’s new and high technology industries are closely linked with the six key industries, 
therefore the development of new and high industries can promote the upgrading and 
transformation of six key industries industries (Bin,2014). But compared with the developed 
countries, Shanghai’s new and high technology industries did not fully play the role of 
promoting economic development and technology diffusion. According to the empirical 
findings, Shanghai’s new and high technology industries are in the stage of increasing return 
to scale, therefore, the innovation ability of these industries can be improved through 
expanding the scale of R&D activities. Thus, establish a good foundation for innovation 
resources agglomeration.  

In the process of expanding the scale of R&D activities, the behaviors of seek quick success 
and instant benefits should be avoided. We need to realize that the transition from imitators to 
innovators is a long-term process. At present, the growth rate of R&D personnel is faster than 
the growth rate of R&D expenditure, thus result in the low per capita R&D expenditure. This 
will discourage the R&D personnel, and even cause the risk of brain drain. Based on this 
consideration, in the process of expanding the scale of R&D activities, “explosive” input 
increase should be avoided; at the same time, the structure of R&D personnel and R&D 
expenditure need to be adjusted. 

5. Promoting university-industry collaboration 
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Encourage and support the cooperation between enterprises and universities, and the 
cooperation between enterprises and research institutions, thus to encourage and promote the 
R&D cooperation and collaborative innovation. The university-industry collaboration can not 
only increase the resource utilization efficiency, promote the industrialization of new and 
high technology, but also cultivate talents for each other, and improve the ability of 
technological innovation. Government should reduce the institutional obstacles, and provide a 
free channel for the flow of talents, technology and capital among universities, enterprises 
and research institutions. At the same time, promote the development of intermediary service 
agencies, thus enables the enterprises to obtain the innovation resources.  

6. Establish dynamic incentive mechanism, improve the R&D resource allocation 
efficiency 

For improve the R&D resource allocation efficiency, an important aspect is to improve the 
motivation of R&D personnel. An appropriate incentive mechanism should be established. 
The career development path of R&D personnel should be in parallel with the managerial 
personnel, both in positon and salary. Secondly, a long-term incentive mechanism with 
diversity should be established. Thirdly, the working hours, working conditions and wages 
should be referred to the international standard.  

In addition, a tolerance mechanism of technological innovation should be established. 
Technological innovation is coexisting with risk, without fail, there is no innovation. 
Therefore, technological innovation is depending on the tolerance mechanism within 
enterprises. Firstly, establish the enterprise culture that encourage innovation and take risk. 
Secondly, encourage innovation explore and “celebrates failure”. According to the reasons 
for the failure of technological innovation to take a different approach: if the failure is caused 
by attitude problem, then it should be given severe punishment; if the failure is caused by 
wrong methods, it should be handled in tolerant way, even give some reward when it is 
necessary. Thirdly, implement "innovation failure management", find the reasons for failures, 
bring it into the management scope, and establish the foundation for further research and 
development. 

6.3 Summary 

Since the 21st century, with the in-depth development of globalization and the refinement of 
industrial value chain, the innovation resources is increasingly apparent to break through the 
organizational, regional and national boundaries, and flow on a global scale. Some cities and 
regions that have superior geographical position, good industrial foundation, strong 
innovation capacity and good innovation environment can agglomerate better and more 
global innovation resources, and become the nodes in the global innovation network (De bin, 
2015; Yu Zhao, 2014). At the same time of constantly agglomerate the external innovation 
resources, these cities and regions are also export their influence. When their agglomeration 
and radiation capacity can beyond the national boundary and impact the global, they become 
the global science and technology center. The existing researches and experiences have 
shown that innovation capacity has become a key support to improve the comprehensive 
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national strength. Thus, the global science and technology center become the concentrated 
embodiment of national comprehensive strength, and the booster of the national development. 

Under the background of economic downward and vanishing of the traditional development 
advantages, China’s further development needs strong scientific and technological innovation 
strength. But insufficient innovation capacity and lack of independent innovation capacity is 
still the weakness of China. Therefore, the Chinese government aimed to develop Shanghai 
into a global science and technology center, in order to agglomerate innovation resources, 
and improve the overall innovation capacity by radiation effect (Research Group of 
Development Research Center of the State Council, & Wei, 2015). 

In essence, a global science and technology center is a developed regional innovation system, 
which makes the innovation activities happen continually, innovation output generating 
continually, and can form a good innovation foundation though the development of the actors 
and the interactive relationships within the actors. Based on this system, the innovation 
resources around the world can be agglomerated and utilized. On the premise of lack of 
indigenous innovation resources, for Shanghai to become the global science and technology 
innovation center, the innovation resources agglomeration capacity must be promoted, in 
order to agglomerate the innovation resources worldwide. 

The industrial enterprises, which is at the core position of the regional innovation system, as 
the research object. Thorough the measure of the R&D inputs and output efficiency to 
analyze the causes of insufficient technological innovation capacity of Shanghai’s industrial 
enterprises. In addition, for provide reasonable suggestions for the policy makers, the source 
and expenditure structure of the R&D resources of Shanghai’s industrial enterprise, and the 
current main polices that aimed at industrial enterprises have been analyzed. 

Through the improvements of these deficiencies, the technological innovation capacity of 
Shanghai’s industrial enterprise can be improved to a certain extent. At the same time, can 
promote the development of other actors, and the development of the regional innovation 
system to some extent, through technological diffusion and the interaction between actors. 
Thus, promote the development of the innovation resources agglomeration foundation, and 
achieve the aim of improve the innovation resources agglomeration capacity. 

6.4 Limitation and further research 

Although this study has drawn some meaningful conclusions, but there are still some 
limitations in the research that need to be improved in the further research. These limitations 
and further research questions mainly including the following aspects: 

1.! Research object  

Due to the availability of the data, the research object of this research is Shanghai’s industrial 
enterprises above designated size. But from the perspective of the data of 2014, the total 
number of Shanghai’s industrial enterprise is about 300,000. When choosing the research 
object of this research, the author mainly considered the proportion of the total gross 
industrial output value (the gross industrial output value of IEADS accounted more than 94% 
of the total), therefore, although the research object of this research has certain 
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representativeness, but the small and micro enterprises has not been studied. Thus, further 
research can bring the small and micro enterprise into the research scope, make the research 
more integrity.  

2.! Data 

This study uses the official data, the official data itself has some limitations, such as 
hysteresis and distortion to some extent, these factors have direct impact on the research 
results. Therefore, in the further research, more objective and real data source should be used 
to ensure the accuracy of the research result. 

3.! Single interviewee 

This research only selected one interviewee from a medium-sized IEADS and use his 
opinions as the start point of the preliminary consideration of the research aspects. Single 
interviewee leads to the one-sidedness of this research. Thus, the further research can 
consider the diversity of interviewees, to obtain more comprehensive research directions and 
research results. 

4.! The relationship between the actors 

Regional innovation system is an interactive system composed of many actors, the interaction 
between these actors is the premise and foundation of the operation and development of the 
system. This research only analyzed one of these actors—industry innovation system, thus 
cause the limitations of the research and the conclusions. For further research, the author 
suggests the research on the relationship within these actors, to get better answers for this 
topic. 

in a word, the research on the innovation resources agglomeration of Shanghai is still in its 
infancy. This research hopes to makes some contributions for the researches on this topic, and 
make a foreshadowing for the further research. For possible future research directions, it 
remains for more in-depth research by the scholars in the related field.  
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Appendix 

Interview guide 

1." Could you please briefly introduce yourself and describe your firm? 

2." What do you think is the most important thing when you start and run your company? 
3." Could you please briefly describe the importance of technological innovation? 

4." What is the decisive factor of innovation output1 

5." Why R&D efficiency mattered?  
6." Could you talk about the factors that influence the R&D efficiency? 

7." How do you promote the morale of R&D personnel? 
8." Have you ever got government support? What kind of support?  

9." Do you think these supports are enough? Or need to be improved? 
10."What kind of support do you think need to be improve? 

11."In your opinion, what are the defects of the existing subsidy policy? 
12."Do you have cooperation with universities or research institutions? 

13."How do you establish the cooperation relationship? 
14."Could you please talk about the way you cooperate? 

15."Could you please talk about the rewards? 
16."Could you please talk about the influence of the cooperation relationship? 

17."Could you please talk about the sources of your R&D expenditure? 
18."What is the proportion of these three funding sources? 

19."But in your financial statements, I can only find intramural funds and government funds, 
why financial institutional has not been listed? 

20."As and important financial institution, why bank is not your funds source?  

21."Could you talk about the staff constitute of your R&D department? 

22."Why there is no post-90s generation and post-80s generation in your R&D team? 

23."In your opinion, in terms of talent cultivation, what the government should do?  

24."As a private enterprise without government background, how do you to ensure sufficient 
R&D resources supply?  
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