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Abstract 
Under the background of the transformation from "local space" to "mobile space", 
innovation is gradually transformed from the innovation of a single innovation subject 
to the collaborative innovation of many innovation subjects. This paper analyzes the 
effect of collaborative innovation on urban innovation efficiency by combining the panel 
data of 41 prefecture level cities in Yangtze River Delta city cluster. The empirical results 
show that :(1)The level of collaborative innovation has a significant effect on the 
efficiency of urban innovation; (2)The level of collaborative innovation has regional 
heterogeneity on urban innovation efficiency. In the collaborative innovation, the level 
of urban collaborative innovation in the sub core region has the greatest effect on 
innovation efficiency, the core region is the second, and the role of the collaborative 
innovation level of the marginal cities on innovation efficiency has not been significantly 
reflected. 
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1. Introduction 

With the rise of a new round of scientific and technological revolution, innovation has become 
the first driving force to promote economic development. China is currently in a critical period 
of economic momentum conversion, we must rely on innovation to improve their economic 
strength. The Yangtze River Delta urban agglomeration has a developed transportation 
network and strong economic strength, which is an important platform for China to participate 
in international competition. Cities in the urban agglomeration rely on developed 
transportation and other infrastructure facilities are closely linked, innovative resource 
elements are accelerating the flow of urban agglomerations, and the phenomenon of scientific 
and technological activities in urban agglomerations is becoming increasingly obvious. In 2019, 
the Outline for the Development of Regional Integration in the Yangtze River Delta proposes to 
improve the level of collaborative innovation in the Yangtze River Delta region and build the 
Yangtze River Delta into the core growth pole of China's economic development. With the 
deepening of collaborative innovation between cities within urban agglomerations, the level of 
innovation efficiency of each city depends not only on its own development level, but also on 
the influence of innovation activities in other cities. Collaborative innovation enables 
innovation elements to be reintegrated within the urban agglomeration, and whether 
innovation resources can be optimally allocated affects the level of urban innovation efficiency 
to a large extent. So it is of great significance to study the relationship between the level of 
collaborative innovation and the innovation efficiency, which is of great significance for the 
effective integration of innovation resources in urban agglomerations to achieve the efficient 
use of innovation resources. 
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2. Literature Review 

The term "innovation" first appeared in the 1912 book The Theory of Economic Development: 
An Examination of Profits, Capital, Credit, Interest and economic Cycles published by the 
Austrian economist Joseph Schumpeter, who believed that "innovation" was the process of 
redistributing elements by introducing new ideas and methods into economic activity[1]. 
Synergy refers to the process and ability of two or more different resources or individuals or 
organizations to work together to achieve the same goal, so as to achieve the effect of "1+1>2". 
Collaborative innovation is essentially a process in which the innovation entities in each region 
break down organizational, geographical and institutional barriers through collaborative 
cooperation and other means, so as to realize the optimal allocation of innovation elements 
among innovative subjects and improve the overall innovation efficiency of the region [2,3]. At 
present, collaborative innovation is mainly studied from the perspective of measuring the 
efficiency of collaborative innovation and collaborative innovation network [4,5]. Innovation 
efficiency refers to the ratio of input into output, which measures the effective utilization rate 
of innovation resources by innovative entities. Research on the impact of collaborative 
innovation on regional innovation efficiency mainly includes the following aspects: In terms of 
research content, scholars discussed how innovation subjects in the same region and between 
different regions can have an impact on innovation performance. For example, Bai Junhong et 
al. examined the impact of the connection relationship between enterprises, universities, local 
governments and financial institutions on innovation efficiency in the system from the 
perspective of the system[6]. However, this study only examined the impact of cooperative 
relationships between innovation entities in the same regional system on innovation efficiency, 
and did not consider the possible linkages between different regional systems. On this basis, 
Bai Junhong et al. empirically investigate the connection relationship between innovative 
subjects between regions based on the dynamic flow of factors between regions, which is 
conducive to the improvement of innovation efficiency[7]. In terms of research perspective, 
some scholars such as Sheng Yanwen[8] use the social network analysis method to build a 
collaborative innovation network, and examine the relationship between the structural 
characteristics of the collaborative innovation network and the innovation efficiency from the 
perspective of the innovation connection network. Liu Youjin et al. [9] Used the composite 
system synergy model to measure the industry-university-research synergy of various 
provinces and cities from the perspective of industry-university-research collaborative 
innovation, and empirically analyzed its impact on the innovation performance of various 
provinces and cities. In terms of research subjects, most scholars choose to study the 
relationship between innovation subjects and innovation performance in the province [10]. 
Some scholars have also chosen to build innovation networks at the enterprise level to explore 
the relationship between network structure and the innovation performance of enterprise 
cooperation [11].  
Through combing the literature at home and abroad, it is found that the impact of collaborative 
innovation on innovation efficiency has been discussed in depth from the provincial and 
enterprise levels. However, few literary groups have studied the relationship between 
collaborative innovation and innovation efficiency based on the level of urban agglomerations. 
In addition, most of the literature measures collaborative innovation by constructing an 
indicator system, which is more of an estimate of the actual innovation linkage. Based on this, 
this paper selects 41 cities in the Yangtze River Delta urban agglomeration as the research 
object, uses patent cooperation authorization data as the agent variable of collaborative 
innovation, and uses the dual fixed effect model to empirically investigate the impact of the 
collaborative innovation level of each city in the urban agglomeration on its innovation 
efficiency. The marginal contributions of this article mainly include: (1) In terms of the 



Volume 3 Issue 7, 2022 

DOI: 10.6981/FEM.202207_3(7).0031 

254 

Frontiers in Economics and Management 

ISSN: 2692-7608 

perspective of research, the relationship between collaborative innovation and innovation 
efficiency is studied from the level of urban agglomeration, and heterogeneity analysis is 
carried out according to the differences in the positions of different cities in the innovation 
network. (2) In terms of research data, the data of invention patent cooperation and 
authorization between cities is selected as the agent variable for collaborative innovation. 

3. Data Sources and Research Methods  

3.1. Model Settings and Variable Selection 
This paper uses the double fixed effect model to analyze the influence of the collaborative 
innovation level of cities in urban agglomerations on their innovation efficiency. The 
benchmark model is set as follows: 
 

𝑦 , = 𝛼 + 𝛽 𝑝𝑎𝑡𝑒𝑛𝑡 , + 𝛽 𝑧 , + 𝛾 + 𝛿 + 𝜀 ,  
 
In formula, Yi,t is represents the efficiency of urban innovation. It is expressed by the ratio of 
the city's patent authorization volume in the year to the R&D expenditure. patenti,t 
representing the level of regional collaborative innovation. It is measured by the number of 
patent cooperation between cities. Zi,t is set of the control variables.  𝛾  indicates that the 
individual effect is controlled in the model. 𝛿  indicates that the time fixed effect is controlled 
in the model. 𝜀 ,  is a random disturbance term.  

3.2. Sources and Descriptions of the Data 
3.2.1. Explanatory Variable: Innovation Efficiency 
For the measurement of innovation efficiency, most scholars choose to construct an input-
output index system, using the immediate frontier analysis method [12] or the data 
envelopment analysis method [13] to measure the innovation efficiency. The innovation 
efficiency obtained by using the above method to measure the multiple input and multiple 
output index system can more comprehensively reflect the innovation activities in a region. 
However, there will be a certain error in the measurement results[14]. In order to eliminate the 
calculation error, this paper draws on the practice of Jiang Renai et al. [15]. This paper selects 
the number of patents granted as the output of innovation, and the R&D expenditure as the 
input of innovation, and measures the efficiency of urban innovation by the ratio of the two. 
3.2.2. Explanatory Variables: The Level of Collaborative Innovation 
Collaborative innovation refers to the process in which different innovation subjects organize 
the acquisition of their respective innovation resources to achieve complementary advantages 
and ultimately obtain innovative results through collaborative cooperation. In previous studies, 
most scholars have chosen to establish an index system related to innovation, using 
gravitational models to estimate the level of collaborative innovation between cities [16,17]. 
Some scholars have also used the number of inter-city joint patent applications to measure the 
level of collaborative innovation in cities [18,19]. Compared with the establishment of an 
indicator system to measure the innovation link, the use of patent cooperation data can more 
directly reflect the actual collaborative innovation situation of the city and avoid the deviation 
caused by the measurement process. Therefore, this paper adopts the number of invention 
patent cooperation authorizations as a proxy variable for the level of collaborative innovation 
in cities. 
Considering that the differences in the level of economic development of different cities and the 
differences in their position in the innovation network may have different effects on innovation 
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efficiency, according to the number of city patent cooperation in 2018, cities are divided into 
three levels as shown in Table 1. 
 

Table 1. Regional division results of the Yangtze River Delta urban agglomeration 
Regional division of the 

Yangtze River Delta urban 
agglomeration 

Cities 

Core areas with more than 
150 patent cooperation in 
2018 (6) 

Shanghai, Nanjing, Suzhou, Nantong, Hangzhou, Ningbo 

Sub-core regions with 
between 50 and 150 patent 
cooperation in 2018 (9) 

Hefei, Yangzhou, Zhenjiang, Changzhou, Wuxi, Jiaxing, Shaoxing, Taizhou, 
Wenzhou 

Marginal areas with less than 
50 patent collaborations in 
2018 (26) 

Fuyang, Bozhou, Huaibei, Suzhou, Xuzhou, Suqian, Lianyungang, Huainan, 
Bengbu, Huai'an, Yancheng, Lu'an, Anqing, Chuzhou, Chizhou, Tongling, 
Wuhu, Ma'anshan, Huangshan, Xuancheng, Huzhou, Quzhou, Jinhua, 
Lishui, Zhoushan, Taizhou 

3.2.3. Control Variables 
Referring to existing studies [20,21], the control variables select the proportion of urban 
science and technology expenditure to fiscal expenditure (𝑡𝑒𝑐ℎ) to characterize government 
support, the proportion of urban permanent population to total population at the end of the 
year ( 𝑢𝑟𝑏𝑎𝑛 ) to characterize the level of urbanization, the proportion of foreign direct 
investment to GDP (𝑓𝑑𝑖) to characterize the level of opening up, and the number of urban unit 
employees at the end of the period (𝑙𝑎𝑏𝑜𝑢𝑟) to characterize the quality of the labor force. 
3.2.4. Data Description 
According to the definition of the scope of integrated development of the Yangtze River Delta 
in the Outline of the Regional Integration Development Plan for the Yangtze River Delta issued 
by the CPC Central Committee and the State Council in 2019, a total of 41 cities including 
Shanghai, Jiangsu Province, Zhejiang Province, and Anhui Province were selected as the 
research objects. The original data are derived from the "China Urban Statistical Yearbook", the 
"Statistical Yearbook" of each city, and the "Statistical Bulletin of National Economic and Social 
Development" of each city. Taking into account the possible impact of price changes on the data, 
R&D expenditures were deflated using the GDP deflator for the current year, taking 2006 as the 
base period. The descriptive statistics of each variable are shown in Table 2. 
 

Table 2. Variable descriptions and descriptive statistics 

Variables Variable descriptions Sample 
size 

Mean Standard 
deviation 

Minimum Maximum 

Innovation Innovation efficiency 533 231.947 147.179 15.489 1185.243 

Patent 
Number of patent 

collaborations 533 62.173 123.305 0 777 

tech 

Science and technology 
expenditure accounts for the 

proportion of fiscal 
expenditure 

533 2.874 2.388 0.035 24.84 

Urban Level of urbanization 533 56.978 13.165 27.060 89.600 
Labour Employees of urban units 533 75.288 96.574 6.74 730.460 

fdi 
The actual utilization of foreign 
capital as a proportion of GDP 533 3.374 2.483 0.193 19.263 
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4. Empirical Analysis 

4.1. Benchmark Regression Analysis 
Table 3 is based on the results of the regression of the sample based on the fixed-effect model, 
the model (1) is the regression result without the control variable, and the model (2) , (3) , (4) , 
(5) is the regression result after the control variables of science and technology expenditure to 
fiscal expenditure, the end of the period of urban unit employees, the level of urbanization, and 
the proportion of actually utilized foreign capital in GDP are added. The results showed that the 
regression results were significant at the 1% level and the regression coefficient was positive, 
regardless of whether the control variable was added or not. It illustrates that the level of 
collaborative innovation has a significant positive impact on innovation efficiency. From the 
perspective of control variables, the government support represented by the proportion of 
science and technology expenditure in fiscal expenditure has a significant role in promoting the 
efficiency of urban innovation. The regression coefficient of human capital to innovation 
efficiency measured by the end of the period of urban unit employees is -0.528 and significant 
at the level of 1%, indicating that human capital has a significant inhibitory effect on innovation 
efficiency. The regression coefficient of the urbanization level to the innovation efficiency was 
positive and reached a significant level of 1%, indicating that the improvement of the 
urbanization level promoted the improvement of regional innovation efficiency. The level of 
FDI significantly inhibits the efficiency of urban innovation. Mainly because FDI is mainly labor-
intensive, this kind of foreign investment is difficult to bring about technology spillover effects 
and advanced management experience, and will have a "crowding out effect" and "technology 
lock-in" for local enterprises, inhibiting the improvement of innovation efficiency of local 
enterprises. 
 

Table 3. Overall sample regression results of collaborative innovation levels on innovation 
efficiency 

Variables Model(1) Model(2) Model(3) Model(4) Model(5) 
patent 0.2497*** 0.1783*** 0.3068*** 0.2891*** 0.2314*** 

 (4.2537) (2.9359) (3.7142) (3.5904) (2.9021) 
tech  9.8131*** 10.6835*** 7.2793*** 7.3737*** 

  (3.9649) (4.2863) (2.9019) (2.9923) 
labour   -0.3239** -0.5204*** -0.5281*** 

   (-2.2699) (-3.6147) (-3.7677) 
urban    4.3070*** 4.3522*** 

    (5.4075) (5.5943) 
fdi     -11.1294*** 

     (-5.0816) 
_cons 216.4228*** 192.6590*** 206.5528*** -13.1696 25.7043 

 (12.3426) (10.4533) (10.5911) (-0.2932) (0.5874) 
N 533 533 533 533 533 

Adj_R2 0.3492 0.3640 0.4021 0.3759 0.4584 

4.2. Heterogeneity Analysis 
Different cities also play different roles in the Yangtze River Delta urban agglomeration due to 
their own economic development levels, innovative resource endowments and infrastructure 
levels. In the "Outline of the Regional Integration Development Plan for the Yangtze River Delta" 
released in 2019, it is pointed out that Shanghai should play a leading role in the Yangtze River 
Delta urban agglomeration, while Nanjing, Suzhou, Hangzhou and Hefei, as the core cities in the 
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Yangtze River Delta urban agglomeration, should play a radiation and driving role in the 
surrounding cities. In general, the level of collaborative innovation of cities is positively 
correlated with the scale of urban economy, and the contribution of collaborative innovation 
levels to innovation efficiency will also be different. Therefore, according to the number of 
urban patent cooperation in 2018, the urban agglomeration is divided into core areas, sub-core 
areas and marginal areas, and regression analysis is carried out on the collaborative innovation 
level and innovation efficiency of cities in different regions, and the differences are compared, 
and the regression results are shown in Table 4. According to the regression results, it is found 
that the collaborative innovation level of the core regional cities has a significant role in 
promoting the regression coefficient of innovation efficiency by 0.3615, which shows that the 
economic strength of the core regional cities is relatively strong. The regression coefficient of 
the collaborative innovation level in the sub-core region to the innovation efficiency was 0.5695, 
indicating that the collaborative innovation level in the sub-core region also has a significant 
and greater role in promoting the innovation efficiency. However, the level of collaborative 
innovation in marginal areas has a promoting effect on innovation efficiency but is not 
significant. This may be because the economic development level of the peripheral areas 
themselves is low, and the innovation factors are difficult to gather in the cities in the peripheral 
areas. 
 

Table 4. Regression results analysis of different regions of the Yangtze River Delta urban 
agglomeration 

Variables Core area Sub-core area Edge area 
patent 0.3615*** 0.5695*** 0.5402 

 (3.4273) (3.4538) (1.1089) 
tech -0.6551 0.0849 9.7208*** 

 (-0.1043) (0.0304) (2.6150) 
labour -0.8265*** -0.5513 -0.3878 

 (-3.5595) (-1.5331) (-1.5273) 
urban -6.8113 9.7584*** 5.5610*** 

 (-1.3164) (5.1948) (4.8618) 
fdi -41.1717*** -8.3889** -7.4803** 

 (-4.0007) (-2.5053) (-2.5051) 
_cons 1006.8901** -343.9342*** -44.9384 

 (2.4776) (-3.2336) (-0.8535) 
N 78 117 338 

Adj_R2 0.2496 0.5271 0.0854 

5. Conclusions and Countermeasures 

The main research conclusions are as follows: (1) The level of urban collaborative innovation 
has a significant role in promoting innovation efficiency. (2) The level of collaborative 
innovation of cities in different regions has different impacts on innovation efficiency. The level 
of collaborative innovation between cities in the core region and the sub-core region has a 
significant positive role in promoting innovation efficiency. At the same time, the collaborative 
innovation plays a greater role in promoting innovation efficiency in sub-core regions. The level 
of collaborative innovation has a promoting effect on the efficiency of innovation in marginal 
areas but is not significant. 
In view of the above research conclusions, the paper puts forward the suggestions as follows: 
(1) In terms of infrastructure, we should strengthen the construction of transportation 
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networks in the Yangtze River Delta urban agglomeration and break through geographical 
restrictions. (2) Cooperation between the core region and the cities in the sub-core region 
should be strengthened. The government should play a functional role in providing necessary 
financial support and policy guidance for synergistic interaction. Cities in the sub-core area 
should establish healthy competition, and while improving their own level of collaborative 
innovation, they should also establish more innovative links with cities in the surrounding 
marginal areas. (3) Wrought iron must be its own. Cities in the marginal areas should combine 
their own advantages and strive to develop local advantageous industries and improve their 
economic strength. 
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