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Abstract: - This paper constructs a model of collaborative innovation among technology, institution and finance 
to measure the synergy degree of 29 provinces and cities. Official provincial-level panel data from 2011-2017 
for 29 provinces are utilized. We find that there is a great difference in the synergy degree among different 
regions because of the uneven distribution of financial resources in the region. Then the synergy degree of 29 
provinces and cities in China is regarded as an important variable in the fixed-effects model. The primary 
finding is that the degree of collaborative innovation among technology, institution and finance can positively 
affect China’s economic growth. If the degree of collaborative innovation  increase by 1%, and the GDP per 
capita will also increase by about 0.009%-0.016%. However, the domestic loan index of real estate enterprises 
has a negative impact on the per capita GDP. Then we get the conclusion that collaborative innovation will be 
effective for China’s high-quality economic growth and suggest that government should use macro control to 
reduce capital’s preference for real estate investment especially by strengthening direct financial innovation to 
support technological innovation. 
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1 Introduction 
In the process of economic growth, China also 
needs to face the problem of changing economic 
growth from high-speed to medium-high speed. In 
the context of supply-side reform, China is changing 
the model of factor-driven and investment-driven, 
and steadily improving the quality of China’s 
economy through innovation-driven. Many scholars 
focus on the dynamic evolution mechanism of 
technological and institutional collaborative 
innovation. They put forward the influence of 
technological and institutional collaborative 
innovation on the motive force of economic growth 
from the perspective of the unification of 
productivity and production relations.  

In the framework of classical and neoclassical 
economics, social capital and other financial factors 

had not been included, because of their limited 
impact on the real economy. However, with the 
increasingly complex relationship between finance 
and technological and institutional collaborative 
innovation, financial innovation plays an important 
and catalytic role in technological and institutional 
collaborative innovation. In fact, it accelerates the 
hatching of emerging industries and promotes the 
transformation of technological innovation 
achievements. But how to measure the synergy 
degree of collaborative  innovation among 
technology, institution and finance? What’s the real 
effectiveness of collaborative  innovation on 
China’s economic growth? Is it significant positive?  
In the second part, this paper puts forward the 
viewpoints of the three collaborative innovation 
through literature review, calculates the synergy 
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degree of three system in the third part, and 
conducts empirical analysis in the fourth part, then 
proposes corresponding suggestions based on the 
empirical analysis results. 

 
2 Literature Review 

Researchers have always been interested in 
understanding the evolutionary theorising on 
collaborative innovation of technology and 
institution, including the following experts. Nelson 
(1994) and Murmann (2003) try to introduce 
institutional factors into the economic analysis 
framework[1][2]. They believe that co-evolution of 
institution and technology is regarded as the main 
driving force behind economic growth and industrial 
evolution, implying causal interdependencies 
between the two. In Marxist political economics 
theory, technological innovation is categorized as 
productivity, and institutional innovation is 
categorized as production relations. ”  

For example, some experts focus on 
technological side of collaborative innovation. 
Wang Xu and Gao Shuang(2018) Use the algorithm 
of C-D production function and Solow residual 
value, and then the contribution rate of scientific 
and technological progress of collaborative 
innovation to the economic growth of construction 
industry is calculated. The result indicates that the 
Northeast construction industry is in a small scale 
growth in China[3]. Based on DEA-BCC model and 
Malmquist index model, Cui Zhixin and Chen 
Yao(2019) measured the efficiency of technological 
collaborative innovation and its evolution trend in 
Beijing-Tianjin-Hebei region and Yangtze River 
Delta region from 2006 to 2016, and made a 
comparative analysis[4]. However, some experts 
concern institutional factors more. From the 
perspective of institutional fairness and human 
capital, Wang Xuelong and Yuan Yiming (2015) 
propose that the decline in social equity largely 
offsets the positive effects of technological progress. 
Therefore, technological innovation is important, 
but institutional innovation is more important, 
because it will push the Chinese economy to a high 
level of equilibrium[5]. Phung T D , Van V T T , 
Thuong T T H , et al(2019) show that innovation, 
together with national openness, foreign direct 
investment inflows, and government expenditure on 
education, have directly and positively influenced 
economic growth. In addition, the study finds a 
positive intermediate role for institutional quality 
and the spillover effect of foreign direct investment 
in promoting the relationship between innovation 
and economic growth[6]. 

Obviously, regardless of scholars' emphasis on 
technological innovation or institutional innovation 
in collaborative innovation, the factor of financial 
innovation has been ignored. Since finance has 
become more and more important, economists have 
paid increasing attention to the 
relationship between financial 
development and economic growth. They mainly 
focus on technological innovation as an important 
factor increasing economic growth from the 
perspective of financial support.  

Levin (1997) suggests that in financial system, 
financial functions can have a significant 
influence on economic growth under the way of 
technological innovation and capital 
accumulation[7]. Beck, Levine and Loayza (2004)  
discovered that financial sector development has 
positive effect on technological innovation[8]. 
Saviotti and Pyka (2009) analysed the co-evolution 
of technologies and financial institutions. They 
propose that the synergistic relationship between the 
two will appear in the integration of financial capital 
and emerging industry sectors[9]. As the emerging 
industry sectors create more value, financial capitals 
tends to play an important role in contributing to 
economic growth. At the same time, economic 
growth contributes to the growth of 
the financial sector. Cheng Yu, Zhou Xiaoliang and 
Chen Xiaofang (2016) point out that China's 
financial system need to improve for technological 
innovation in many areas based on the perspective 
of technological innovation[10]. Liu Xiangyun and 
Wu Wenyang (2018) establish the "Technological 
Finance-Industry-Environment" complex system 
dynamic evolution model to study the co-evolution 
mechanism of technological finance and high-tech 
industry from two perspectives of inter-system and 
intra-system[11]. The relaxation in financial 
regulations encouraged financial institutions 
to create optimized structure, and ultimately 
becomes a powerful driving force in technological 
innovation. 

On the other hand, most scholars believe that 
financial innovation is a part of institutional 
innovation. Institutional innovation is the foundation 
of financial innovation.  

Ba Shusong and Zhang Ning (2004) suggest that 
different kinds of realistic financial innovations 
have various driving forces for innovation[12]. The 
key is to establish the interaction between financial 
innovation and institutional perfection. In order to 
improve the system, we need to discover systemic 
deficiencies by enhancing financial innovation. 
Meanwhile, the improvement of the system also 
provides the better environment for standardized 
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financial innovation. From the perspective of 
property right system reform of finance, Ma 
Yunquan (2011) encourages financial institutions 
with greater innovation capability and building core 
competition power of joint-stock, foreign-owned, 
joint ventures, and improve the overall innovation 
ability in China's financial industry[13]. Jiang 
Yuting and Shi Yanze (2016) suggest the function 
of financial supervision system should not be 
limited to constraint function, but should have 
incentive function[14]. Sun Jing (2018) proposed 
that the comparative advantage of a market-oriented 
financial system not only depends on market 
development itself, but also on a better economic 
foundation, credit foundation and institutional 
foundation. On the road of developing direct 
financing and improving the capital market, Chinese 
government must pay attention to institutional 
factors[15]. Therefore, the incentive and restraint 
effect of institutional innovation on financial 
innovation is a pair of contradiction. Through  
improving the synergistic effects between financial 
innovation and institutional innovation,   
institutional innovation could meet the demand of 
financial innovation and accelerate economic 
growth. 

Above all,  financial innovation is closely related 
to technological innovation and institutional 
innovation. Therefore, this study proposes that 
financial innovation should not be regarded as a part 
of institutional innovation only. It could be 
considered as an independent innovation system. 
Then we put forward that financial innovation must 
be combined with institutional innovation 
independently in the process of financial support for 
technology innovation. A new collaborative 
innovation mechanism including technology, 
institution and finance must be established to fire all 
types of market participants and determinative 
factors with new vigor for development. The new 
collaborative innovation model is an open complex 
system. The cooperation-competition pattern allows 
technology, institution and finance to share 
information and learn from each other, gradually 
establishes a feedback compound mechanism, and 
eventually becomes a community of shared interests. 
Collaborative innovation of the three continues to 
follow a spiral-ascending growth way and becomes 
a motive force for economy sustainable 
development. 
 

 

 

 

 

3 Measurement of Synergy Degree 
 
 
3.1 Theoretical Framework 
Based on the theories above, this study further 
analyzes the evolution trend of technological 
innovation, institutional innovation and financial 
innovation, and gradually figure out the mechanism 
of their interaction and the theoretical framework of 
three systems’ collaborative innovation. Financial 
Innovation is the important link for technological 
and institutional collaborative innovation. 

 

Fig.1 Three Theoretical Framework of Collaborative Innovation 
 
Technological innovation could upgrade the 

industrial structure and promote the development of 
economy. Institutional innovation concerns with 
government’s policy by coordinating interest 
relations and regulating macroeconomic policies. 
Financial innovation is the important bond to 
promote the incubation and landing of technological 
innovation projects which also needs government’s 
new industry guidance and constrained incentive as 
shown in the Fig. 1. 

In this three collaborative innovation mechanism, 
three innovation systems respectively reflect their 
functions. Technological innovation has become the 
core driving force of collaborative innovation and 
continuously improves independent innovation 
capabilities. Institutional innovation has become the 
traction driving force, which plays the role of  
"guide" and "regulator". Financial innovation has 
become a catalytic driver, accelerating the 
incubation of emerging industries, promoting 
entrepreneurship and employment, and stimulating 
market vitality. 

In the initial stage of industrial development, 
government's innovation power is the guiding force 
for industrial development. In this period, 
technological innovation system is the main driving 
force, and financial innovation system is the pushing 
force. In the growing period of the industry, the 
government’s innovation power is transformed into 
a pushing force for industrial development, and 
financial innovation plays the main driving force. In 
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(2) 

(1) 

the mature period of the industry, financial 
innovation promotes and upgrades rapid 
transformation of the industry, but technological 
innovation system is the main driving force to 
promote next round of technological innovation 
again at this period. Generally, this three systems 
continue to drive sustainable economic growth. 
 

3.2 The Synergy Degree of 29 provinces and 

cities in China 

 

 

3.2.1 Synergetic degree of single system 
On the basis of the above theory, this study divides 
technological innovation, institutional innovation 
and financial innovation into three independent 
systems. In order to describe the mechanism of co-
evolution among them more clearly, we learns from 
Meng and Han (2000) about the study of synergetic 
degree model of composite system, and then 
constructs a model of synergy degree of 
collaborative innovation among technology, 
institution and finance[16].  

The total contribution of order parameters to the 
orderliness of subsystems can be achieved by a set. 
For a single system  , 1,jS j k , it is assumed that 
the order parameter variables in the development 
process are  1, 2, ,j j j jne e e e  . Under the condition 

of 1n   , 1,ji ji jie i n    , ,   are the upper 

and lower limits of the order parameter 
jie  under the 

steady state of the system. Assume that the larger 
the value of 1, 2, ,j j jme e e , the higher the order of 
the system, the smaller the value of 1, 2, ,j j jme e e , 
the lower the order of the system; the greater the 
value of 1, 2, ,jm jm jne e e   , the lower the order of 
the system, the smaller the value of 

1, 2, ,jm jm jne e e   , the higher the order of the 
system. We define the following formula (1) as the 
single system synergy degree of the system

jS  and 

order parameter component
jie : 

 
 

Among them, the larger the value of 
   0,1j jiU e  , the greater the orderly contribution 

of 
jie to the subsystem 

jS . In actual systems, 
jie will 

have various values. Therefore, the total 
contribution of the order 

je  parameter to the order 
degree of subsystem 

jS  can be realized by the set of 

 j jiU e . 
 

3.2.2 Synergetic degree of composite system 

The composite system synergy degree model 
assumes that the initial moment is 0t , and the order 
degree of each subsystem order parameter is 

 0 , 1,2, kj jU e j   . When the overall composite 

system evolves to time 1t , and the order degree of 
each subsystem order parameter is 

 1 , 1,2, kj jU e j   , the time period is defined 

1 0t t . The overall synergy of the composite system 
is the following formula (2) : 

 
 

The greater the overall coordination degree 
   = -1,1D S  of the composite system, the higher the 

coordination development degree of the composite 
system. Otherwise, the lower the coordination 
degree. The role of the parameter   is that the 
composite system has a positive degree of 
coordination only if 

     1 0 0 1,j j j jU e U e j k   ， . When 

   1,0D S   indicates that the entire system is 
uncoordinated, the order degree of some subsystems 
increase greatly, while the order degree of some 
subsystems increase little or even decrease. The 
trends and characteristics of the coordination degree 
of the composite system are measured relative to the 
base period of the survey. Generally, the larger the 
value, the higher the coordinated development 
degree of the composite system. 

In this study, the technical innovation subsystem 
includes five indicators as the order parameters of 
the system: number of scientific and technical 
personnel, R&D expenditure, number of scientific 
and technological projects, number of patents, 
technology market turnover . 

The institutional innovation subsystem includes 
five indicators as the order parameters of the system:  
de-nationalization rate, marketization index, degree 
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of opening to the outside world, system fairness, and 
degree of attracting talent as the order parameters of 
the system. 

The financial innovation subsystem includes five 
indicators as the order parameters of the system: the 
number of employees in the financial industry, the 
output value of the financial industry, the proportion 
of fixed investment, the financial social contribution 
rate, and the degree of marketization of the financial 
financing structure. 
 

 

3.3 The result of Synergetic degree   
In the process of data verification, we use data from 
2011 to 2017. Due to lack of some variable data of 
Chongqing and Tibet provinces, and the data of 
other special areas outside mainland of China are 
not easy to obtain, so we only use the panel data of 
29 provinces and cities in China for 7 years. 29 
provinces and cities are Beijin, Tianjin, Hebei, 
Shanxi, Neimenggu, Liaoning, Jili, Heilongjiang, 
Shanghai, Suzhou, Zhejiang, Anhui, Fujian, Jiangxi, 
Shandong, Henan, Hubei, Hunan, Guangdong, 
Guangxi, Hainan, Sichuan, Guizhou, Yunnan, 
Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang. 

Official provincial-level panel data from 2011-
2017 for 29 provinces and cities are utilized. We 
measure the synergy degree of 29 provinces and 
cities respectively. This approach is often found in 
other papers. Therefore, In terms of the capacity and 
representativeness of the sample, the results are not 
affected by losing these two provincial data. 
Therefore, the results are reliable. 
 

Table 1 The Mean Value of Provincial-Municipal Synergetic 
Degree 

Province & 

Cities 
2011 2012 2013 2014 2015 2016 2017 Mean Value Ranking 

Beijin 0.0000 0.0804 0.2604 0.3928 0.7626 0.8114 0.8291 0.4481 1 

Fujian 0.0000 0.0659 0.1750 0.2756 0.4891 0.6329 0.8530 0.3559 2 

Zhejiang 0.0000 0.1689 0.2993 0.3254 0.5996 0.5097 0.5045 0.3439 3 

Jiangxi 0.0000 0.2071 0.2752 0.3602 0.5936 0.3266 0.5365 0.3285 4 

Jilin 0.0000 0.0230 0.1485 0.2509 0.2459 0.6914 0.6771 0.2910 5 

Guangdong 0.0000 0.1044 0.0708 0.2338 0.5545 0.6684 0.3853 0.2882 6 

Jiangsu 0.0000 0.0801 0.1790 0.2556 0.3643 0.6044 0.5089 0.2846 7 

Shandong 0.0000 0.0336 0.0947 0.1472 0.5336 0.6210 0.5395 0.2814 8 

Shaanxi 0.0000 0.2991 0.3144 0.3008 0.2900 0.2483 0.4854 0.2769 9 

Qinghai 0.0000 0.1401 0.2890 0.3085 0.3931 0.4756 0.3296 0.2765 10 

Yunnan 0.0000 0.2046 0.2255 0.1004 0.4380 0.5947 0.3646 0.2754 11 

Shanxi 0.0000 0.1168 0.2530 0.3402 0.3029 0.4857 0.4230 0.2745 12 

Shanghai 0.0000 0.1527 0.2506 0.1356 0.3479 0.3844 0.5004 0.2531 13 

Hebei 0.0000 0.1062 0.1672 0.0960 0.3133 0.6119 0.4759 0.2529 14 

Hainan 0.0000 0.1955 0.1877 0.1548 0.2951 0.3936 0.4865 0.2447 15 

Hubei 0.0000 0.1224 0.3351 0.3969 0.3896 0.1533 0.3013 0.2427 16 

Liaoning 0.0000 0.1624 0.0590 0.2185 0.2407 0.5244 0.4918 0.2424 17 

Anhui 0.0000 0.1536 0.1457 0.0904 0.1540 0.6326 0.4901 0.2381 18 

Tianjin 0.0000 0.0837 0.1758 0.2999 0.3165 0.2395 0.4305 0.2208 19 

Heilongjiang 0.0000 0.1539 0.0488 0.1486 0.1930 0.5053 0.4395 0.2127 20 

Xinjiang 0.0000 0.1484 0.1326 0.1944 0.2701 0.4275 0.2677 0.2058 21 

Neimenggu 0.0000 0.2300 0.2150 0.1433 0.2564 0.1775 0.4101 0.2046 22 

Henan 0.0000 0.0964 0.2189 0.2059 0.1168 0.3617 0.4227 0.2032 23 

Sichuan 0.0000 0.1292 0.1566 0.2060 0.2392 0.3299 0.2383 0.1856 24 

Gansu 0.0000 0.1010 0.2441 0.0158 0.1036 0.2751 0.3555 0.1564 25 

Hunan 0.0000 0.0965 0.1001 0.2077 0.1309 0.2972 0.2455 0.1540 26 

Ningxia 0.0000 0.1152 0.1350 0.2123 0.1370 0.2202 0.2013 0.1459 27 

Guizhou 0.0000 0.0756 0.1394 0.1658 0.2549 0.1637 0.1909 0.1415 28 

Guangxi 0.0000 0.0563 0.1149 0.1777 0.3703 0.1825 0.0348 0.1338 29 

 

Four provinces and municipalities with an 
average degree of synergy exceeding 0.3 include 
Zhejiang and Jiangxi, in addition to Beijing and 
Fujian. According to the relevant research, Fujian 
ranks second becasue Fujian Development and 
Reform Commission has built the 6.18 
Collaborative Innovation Institute model and 
established more than 20 industrial and 
technological branches, including 7 under 
construction. Fujian government is speeding up the 
construction of two cooperative development zones 
in northeast Fujian and southwest Fujian. The 
institutional innovation may be the reason for 
Fujian’s high ranking of synergetic degree. 

The results of provincial-municipal synergetic 
degree of three innovation systems is analyzed 
through average annual growth rate.  

 
Table 2  The Average Annual Growth Rate of Provincial-

Municipal Synergetic Degree  
Provinces &

 Citie 
2011 2012 2013 2014 2015 2016 2017 

Average Annual 

Growth Rate 
Ranking 

Gansu 0.0000 0.1010 0.2441 0.0158 0.1036 0.2751 0.3555 1.5974 1 

Jilin 0.0000 0.0230 0.1485 0.2509 0.2459 0.6914 0.6771 1.5822 2 

Shandong 0.0000 0.0336 0.0947 0.1472 0.5336 0.6210 0.5395 1.0069 3 

Beijing 0.0000 0.0804 0.2604 0.3928 0.7626 0.8114 0.8291 0.7552 4 

Fujian 0.0000 0.0659 0.1750 0.2756 0.4891 0.6329 0.8530 0.7295 5 

Liaoning 0.0000 0.1624 0.0590 0.2185 0.2407 0.5244 0.4918 0.6573 6 

Anhui 0.0000 0.1536 0.1457 0.0904 0.1540 0.6326 0.4901 0.6308 7 

Heilongjiang 0.0000 0.1539 0.0488 0.1486 0.1930 0.5053 0.4395 0.6301 8 

Hebei 0.0000 0.1062 0.1672 0.0960 0.3133 0.6119 0.4759 0.6286 9 

Guangdong 0.0000 0.1044 0.0708 0.2338 0.5545 0.6684 0.3853 0.6266 10 

Henan 0.0000 0.0964 0.2189 0.2059 0.1168 0.3617 0.4227 0.6092 11 

Yunnan 0.0000 0.2046 0.2255 0.1004 0.4380 0.5947 0.3646 0.5760 12 

Jiangsu 0.0000 0.0801 0.1790 0.2556 0.3643 0.6044 0.5089 0.5176 13 

Tianjin 0.0000 0.0837 0.1758 0.2999 0.3165 0.2395 0.4305 0.4833 14 
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Hubei 0.0000 0.1224 0.3351 0.3969 0.3896 0.1533 0.3013 0.4525 15 

Shanghai 0.0000 0.1527 0.2506 0.1356 0.3479 0.3844 0.5004 0.4309 16 

Shanxi 0.0000 0.1168 0.2530 0.3402 0.3029 0.4857 0.4230 0.3751 17 

Hunan 0.0000 0.0965 0.1001 0.2077 0.1309 0.2972 0.2455 0.3678 18 

Zhejiang 0.0000 0.1689 0.2993 0.3254 0.5996 0.5097 0.5045 0.3084 19 

Jiangxi 0.0000 0.2071 0.2752 0.3602 0.5936 0.3266 0.5365 0.2957 20 

Neimenggu 0.0000 0.2300 0.2150 0.1433 0.2564 0.1775 0.4101 0.2787 21 

Guizhou 0.0000 0.0756 0.1394 0.1658 0.2549 0.1637 0.1909 0.2759 22 

Guangxi 0.0000 0.0563 0.1149 0.1777 0.3703 0.1825 0.0348 0.2710 23 

Qinghai 0.0000 0.1401 0.2890 0.3085 0.3931 0.4756 0.3296 0.2616 24 

Hainan 0.0000 0.1955 0.1877 0.1548 0.2951 0.3936 0.4865 0.2521 25 

Xinjiang 0.0000 0.1484 0.1326 0.1944 0.2701 0.4275 0.2677 0.1916 26 

Ningxia 0.0000 0.1152 0.1350 0.2123 0.1370 0.2202 0.2013 0.1822 27 

Sichuan 0.0000 0.1292 0.1566 0.2060 0.2392 0.3299 0.2383 0.1580 28 

Shaanxi 0.0000 0.2991 0.3144 0.3008 0.2900 0.2483 0.4854 0.1566 29 

 
The average annual growth rate of Gansu, Jilin 

and Shandong are more than 1, mainly because of 
the large annual fluctuation. In terms of the index of 
finance system, these three provinces account for a 
large proportion of local financial supervision 
expenditure compared with other province. The 
synergetic degree of average annual growth rate of 
Beijing and Fujian are still more than 0.7, which is 
consistent with the above mean value ranking of 
provincial-municipal synergetic degree. Fujian has a 
strong momentum of development especially after 
being approved as the core area of the Maritime Silk 
Road. In general, the provinces and cities with 
higher degree of synergy because the collaborative 
innovation between financial system and 
institutional system is relatively close. 

Fig.2 The Synergy Degree of Three Economic Zones 
  

According to the China Statistical Yearbook, 
China is  divided in eastern region, central region 

and western region. There are 11 provinces and 
cities in the eastern region, including Beijing, Fujian, 
Zhejiang etc..8 provinces and cities including 
Jiangxi, Anhui, Hubei, etc. in the central region. 
There are 12 provinces and cities in the western 
region, including Yunnan, Gansu, Qinghai, etc.. 
However, the following results do not include the 
two western provinces and cities of Chongqing and 
Tibet because of lacking some variable data. As 
shown in the Fig.2, the synergetic degree of three 

regions is increasing year by year, but slight decline 
since 2017. The synergy degree of eastern region is 
highest including coastal cities most. The western 
region ranks the lowest. We could read more from 
the detailed histogram next. 

Fig.3 The Total Synergy Degree of Eastern Region 
 

As shown in the Fig.3, the total synergy degree 
of eastern provinces is above 1.5. Beijing, Fujian, 
Zhejiang rank top three. Provinces and cities with 
high synergetic degree are basically concentrated in 
the eastern region. 

Fig.4 The Total Synergy Degree of Central Region 
 

The total synergy degree of the provinces in the 
central region is between 1.5 -2 mostly, but three 
provinces are less than 1.5 including Heilongjiang, 
Henan, and Hunan. The innovation momentum of 
the central region is still inferior to that of the 
eastern region, but the growth rate is the largest in 
general. 

WSEAS TRANSACTIONS on BUSINESS and ECONOMICS 
DOI: 10.37394/23207.2020.17.78 Li Ting, Chen Qiu Xin, Ye Qian Qian

E-ISSN: 2224-2899 801 Volume 17, 2020



  

(3) 

(4) 

Fig.5 The Total Synergy Degree of Western Region 
 
In the western region, the synergy degree of most 

provinces are less than 1.5. Only three provinces are 
between 1.5 -2. They are Yunnan, Shaanxi, Qinghai 
province because institutional innovation is lagging 
behind and few financial innovation factors included. 

Therefore, we find that it exists a great difference 
in the synergy degree among different regions 
because of the uneven distribution of financial 
resources in the region. The degree of coordination 
in the eastern coastal region is higher. That in the 
central region is a little lower, but the degree of 
order is higher in single system. The average 
synergy degree in the western region is relatively 
low. The key reason is that the collaborative 
innovation between institution system and financial 
system is poor in the three system’s collaborative 
innovation.  
 
 

4 Empirical Results 
 

4.1  Empirical model 
Therefore, this study proposes the following two 
hypotheses in the case of China according to the 
aforementioned analysis.  

Hypothesis 1: The synergetic degree of 
collaborative innovation has a positive impact on 
the economy in China. 

Hypothesis 2: The domestic loans for real estate 
companies has a negative impact on the economy in 
China. 

This study thus uses official panel data for 29 
provinces and cities in China from 2010 to 2017 to 
verify this assertion. The empirical model adopted 
in this study is described as Equation (3). 

In equation (3), we use synergy degree as the 
main variable and others as the control variable, 
respectively, to empirically analyze the impact of 
three kinds of synergy degree on economic growth. 

 
 
 
 
In Equation (3) and (4), ω0, Fi, and νit stand for 

the constant term, the fixed-effect or random-effect 
level of province i, and the random error term of 
province i in year t, respectively, where i=1, 2, …, 
29 and t=2010, 2011, …, 2017. PGDPi,t stands for 
the real per capita gross domestic product (GDP) of 
province i in year t.  INVi,t is the investment activity, 
OPENi,t is the degree of openness, LIFEi,t is the life 
expectancy variable, URBANi,t is the urbanization 
process, and R&Di,t represents R&D activities. All 
variables are in logarithmic form to avoid high 
degrees of volatility and non-stationarity. 

 SYNi,t is the synergy degree of the collaborative 
innovation. SYN1 stands for the synergy degree of 
technological innovation and institutional 
innovation. SYN2 stands for the synergy degree of  
technological innovation and financial innovation. 
SYN3 stands for the synergy degree of three 
systems of technological innovation, institutional 
innovation and financial innovation. 

We find that financial institutions' support for 
real estate will affect financial innovation, which 
will further negatively affect collaborative 
innovation. REALEi,t  is the domestic loans for real 
estate companies. So we construct equation (4) 
model. The methods used to estimate Equation (3) 
and (4) are the fixed-effects model.  

 
4.2  Analysis of Empirical Results 
As for the problem of endogeneity, Durlauf et al. 

(2005) attached great importance to the endogeneity 
test of variables and even leveled the criticism 
sometimes made that the empirical convergence 
literature is based on a failure to account for the 
endogeneity of the explanatory regressors in the 
growth regression[17]. In order to avoid this 
potential endogeneity problem for some explanatory 
variables, these explanatory variables in Model 2 are 
their one-year lagged values. 
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Prior to estimating equation (3), the Hausman 
test is adopted to determine which of the random-
effects model and fixed-effects model is better in 
this study. In Table 3 and Table 4, the p-value of the 
cross-section random test is less than 0.001, 
implying that the Hausman test rejects the null 
hypothesis of the random-effects model. Therefore, 
the fixed-effects model is the better empirical model 
in this study. 

In Table3, the coefficients of INV, LIFE, and 
R&D are all statistically and significantly positive 
implying that these three explanatory variables have 
a positive influence on China’s economic growth. It 
means that both life expectancy and R&D can 
stimulate the economic growth of China due to the 
longer life expectancy contributing to capital 
accumulation and thus promoting economic growth. 
In addition, R&D is the factor of technological 
progress and further increases economic growth. 
The main coefficient of SYN2, SYN3 are 
statistically and significantly positive regardless of 
whether they are in Models 1 or 2, except SYN1. 
Then we continue to use  equation (4).  

The primary explanatory variables are SYN2, 
SYN3 and REALE in equation (4). The coefficients 
of SYN2 and SYN3 are statistically and 
significantly positive. This finding is also consistent 
with that in Table 3 and thus supports our first 
hypothesis that synergetic degree of collaborative 
innovation has a positive impact on the economy in 
China. The coefficient of REALE is statistically and 
significantly negative, and thus supports our second 
hypothesis that domestic loans for real estate 
companies has a negative impact on the economy in 
China. 

 

Table4  Empirical Results of  Fixed-Effects 

It shows that if the collaborative innovation of 
technology and institution may not have a 
significant positive impact on economic growth to 
some extend. If finance factor is added as an 
important condition for collaborative innovation, the 
synergetic degree has a significant positive effect on 
economic growth. 

The primary finding of empirical results is that 
the degree of collaborative innovation among 
technology, institution and finance can positively 
affect China’s economic growth. If the synergy 
degree of collaborative innovation increases by 1%,  
and the GDP per capita will also increase by about 
0.009%-0.016%.  

However, the domestic loan index of real estate 
enterprises has a negative impact on the per capita 
GDP, in which the financial institution loan is the 
main source of financing for real estate development 
enterprises.  Based on the factors of risk and rate of 
return, the higher the proportion of real estate loans, 
the higher the ratio of crowding-out effect on 
technological innovation caused by financial 
institutions’ preference to loan to real estate. It 
means that financial support for real estate has a 
significant negative impact on economic growth, 
and will weaken the support for collaborative 
innovation and slow down the incubation of  
technological innovation achievements. 

The coefficient of SYN3 is smaller than that of 
SYN2, which means that the main problem still lies 
in institutional innovation. Institutional innovation 

Table3   Empirical Results of  Fixed-Effects 
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lags behind the other two innovation system. It will 
be the system that needs to be adjusted in 
collaborative innovation in the future. 
 
 
5 Conclusion and Discussion 
Based on the theory above, this paper puts forward 
the view that it should build up three systems’ 
collaborative innovation among technology, 
institution and finance. we measure the synergetic 
degree of 29 provinces and cities through  
synergetic degree model of composite system. Then 
official panel data for 29 provinces and cities in 
China from 2010 to 2017 are used to verify two 
hypotheses. The conclusions of this paper are as 
follows:  

Firstly, the synergetic degree of three regions is 
increasing year by year, but slight decline since 
2017. The eastern region ranks the highest but the 
western region gets the lowest. Beijing, Fujian and 
Zhejiang rank top three in the result of the mean 
value of provincial-municipal synergetic degree. 

Secondly, from 2010 to 2017, synergetic degree 
of collaborative innovation has a positive impact on 
the economy in China. the synergy degree of 
collaborative innovation increases by 1%,  and the 
GDP per capita will also increase by about 0.009%-
0.016%. 

Thridly, the coefficient of REALE is statistically 
and significantly negative. The higher the 
proportion of real estate loans, the higher the ratio of 
crowding-out effect on technological innovation. 
Financial support for real estate will weaken the 
support for collaborative innovation 

We propose some relevant policy 
recommendations based on the conclusion 
above. 

Firstly, from the perspective of the 
transformation of China’s economic growth 
dynamics and the environmental requirements of 
green and sustainable growth, it is an effective 
mechanism to continuously improve the degree of 
collaborative innovation among technology, 
institution and finance to achieve high-quality 
economic growth in China.  

Secondly, based on the obvious difference of 
regional efficiency in the synergy degree of 
collaborative innovation among provinces, 
supplementing the technical deficiency, 
streamlining administration and delegating power of 
government, or activating the capital market could 
be chosen and adopted by different provinces and 
cites according to the different stages of 
development of them.  

Thirdly, government should think the role of  
institutional innovation among collaborative 
innovation and  should vigorously develop 
multilevel capital market, reduce capital’s 
preference for real estate investment, guide capital 
investment to innovation tendency, and optimize the 
ratio of capital investment between real economy 
and virtual economy. In terms of financing scale and 
structure, we should further develop the direct 
financial market, reduce the financing costs of small 
and medium-sized enterprises, and improve the 
investment environment to support independent 
innovation in China. 
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