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Research on the Impact of Regional Innovation Cooperation Network on
Technological Innovation Performance: Based on the Yangtze River Delta

GUAN Peng'?, WANG Yuefen?, HUANG Qin', YE Longsheng', FU Zhu?
(1. School of Economics and Law, Chaohu University, Hefei 238000; 2. School of Economics and Management, Nanjing University of Science

& Technology, Nanjing 210094; 3. School of Economics and Management, Jiangsu University of Science & Technology, Zhenjiang 212003)

Abstract: [Purpose/Significance] Based on the moderating effect of regional innovation cooperation network's
clustering coefficient and average shortest path length, the paper analyzes the impact of enterprise centrality in
network on technological innovation performance, in order to provide reference to enterprise innovation
management. [Method/Process] Using patent data to construct patent cooperation networks, this paper builds a
theoretical model measuring technological innovation performance of an enterprise, with degree centrality and
betweenness centrality of the enterprise in the network as independent variables, with the clustering coefficient and
average shortest path length of patent cooperation network as a moderator variable. [Results/Conclusions] The
empirical study in the field of integrated circuit technology in the Yangtze River Delta is carried out and the
stepwise multiple linear regression results show the following conclusions. The density of cooperation network, the
accumulation of technological innovation, the number of R&D personnel, and the intensity of R&D investment in
the province where the firm is located have a significant positive impact on the firm's technological innovation
performance. Compared with enterprises and research institutes, when enterprises cooperate with universities, their
technological innovation performance is more favorable. The degree centrality and the betweenness centrality of a
firm in the cooperation network have a significant positive impact on the firm's technological innovation
performance. The average shortest path length has a significant moderating effect on the relationship between
intermediary centrality and firms' technological innovation performance. The longer the average shortest path length
is, the more obvious the positive effect of intermediary centrality on firms' technological innovation performance is.
Through the empirical analysis, the paper reveals the influence mechanism of regional innovation cooperation
network on firms' technological innovation performance. The position (center, intermediary) of firms in the
cooperation network has a significant influence on firms' technological innovation performance, and the structural
attribute of the cooperation network has a significant moderating effect on this effect. Based on the analysis results,
countermeasures and suggestions are put forward to improve the technological innovation performance of enterprises.
Keywords: regional innovation cooperation network; patent; technological innovation performance; integrated

circuit; the Yangtze River Delta
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Table 1 Variable name and symbolic representation

et AR B FR (HREE 2N

A Fi AR B SizL (Technological Innovation Performance ) y

A FEEF LM (Degree Centrality) DC
Aot (Betweenness Centrality) BC
57 o [ 45 J4E 240 (Clustering Coefficient) c
) 8 V- 15 d o i 42 I ( Average Shortest Path Length) PL

A i P 4% % J% (Network Density) Density

FAA B A H (Technological accumulation) TA

WER A G130 (Number of R&D personnel) RP

R (Aged Age

FTfEE 1y R&D $EASSE (R&D Investment Intensity) RD

AR A CEFAL B cl

CAEAKEE AR BT QR AR c2

AR FARBOET, AT e Rk eSS Y
XML HARGFTSRA TR, AT AL C1
i C2 FoREVEK B A B BRI BE T, DAL A
HZ MU, WP BRI 2 PR,
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Table 2 Dummy variable

EAFAR A Cl c2
Ak 0 0
G 1 0

FHRFFE T 0 1

4 SIS RE S

ASCR B 2708 nNA J7 o BRI T 48
o, MZEFEFRITTER LT Python ) NetworkX
THASLH, St SHd i R s,

4.1 MEIEHR

3 R = M DX G B R A B B
SEMZ M HEPR . IR 3 ATLIE L, K=MHIX

F 3 KRR LM SRR

Table 3 Index of integrated circuit patent cooperation network in Yangtze River Delta

WL B RIS & Vi WHEA W4 RIEAH PR de i A I
2003—2007 4% 17 10 0.074 0.176 1.000
2004—2008 4% 26 15 0.046 0.115 1.000
2005—2009 45 41 29 0.035 0.280 1.667
2006—2010 45 60 43 0.024 0.261 1.467
2007—2011 4 81 56 0.017 0.222 1.467
2008—2012 4% 90 62 0.015 0.233 1.467
2009—2013 45 97 66 0.014 0.218 1.300
2010—2014 4 111 72 0.012 0.155 1.667
2011—2015 4 126 92 0.012 0.179 1.429
2012—2016 4 121 88 0.012 0.159 1.429
2013—2017 4% 145 114 0.011 0.206 1.779
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Table 4 Descriptive statistical analysis of variables (N=463)

A LGN M KA BiE bRtk 2 Ti &
yi 0.000 0.666 0.080 0.122 0.015
V2 0.000 0.653 0.078 0.121 0.015
V3 0.000 0.644 0.076 0.116 0.013
DC 0.007 0.125 0.017 0.016 0.000
cC 0.007 0.125 0.019 0.018 0.000
BC 0.000 0.010 0.000 0.001 0.000
C 0.115 0.280 0.198 0.038 0.001
PL 1.000 1.779 1.502 0.191 0.036
Density 0.011 0.074 0.017 0.011 0.000
TA 0.000 132.000 1.949 9.268 85.893
RP 1.000 176.000 10.879 19.141 366.384
Age 0.000 120.000 16.666 23.178 537.214
RD 1.192 3.674 2.568 0.565 0.319
K5 ARRAMICHEIT (S/REAHIOCREL, N=463)
Table 5 Variable correlation analysis (Pearson's correlation coefficient, N=463)
AR 1 2 3 4 5 6 7 8 9 10 11 12
Vi 1
V2 0.957%xx |
V3 0.946***  0.966%** 1
DC 0.144%**  (.]133%** 0.135%** 1
BC 0.105***  0.087* 0.084* 0.552%** 1
C -0.026 -0.016 -0.010 0.063 0.078 1
PL -0.005 0.003 -0.004 -0.392%*%*%  -0.036 0.189*** ]
Density  0.013 -0.004 0.009 0.738%** 0.156***  0.098** -0.532 1
TA 0.406%**  (0.377%%* 0.302***  0.037 -0.007 -0.02911 0.048 -0.040 1
RP 0.539%**  (.532%** 0.514%**  (.139*** 0.133***  .0.01685 0.036 -0.059 0.542%** 1
Age 0.269%**  (.274%%* 0.271***  -0.046 -0.026 -0.04897 0.083*  -0.132%** 0.166***  0.241*** |
RD 0.140%**  (.139%** 0.133%** (. ]39%** 0.002 -0.168%%%  (0.243%%* () 333%** 0.134***  0.158*** (0.028 1
VIF 4.201 1.841 1.139 1.560 3.593 1.439 1.575 1.092 1.233
R, ok ke kR SRIERORTE 0.05, 0.01 A1 0.001 AP E BRI
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X6 IFHRILER (N=463) (AR y)

Table 6 Regression model results (N=463) (Dependent variable: vy,)

A iR 1 R 2 R 3 iR 4 RS A6 R 7 iR 8
Density 0.835* 0.027 0.730* 0.165 0.698" -0.003 0.537
(2.328) (0.049) (2.010) (0.288) (1.907) (-0.004) (1.286)
TA 0.002%** 0.003 %% 0.003 %% 0.003%** 0.003 %% 0.003 %% 0.003 %% 0.003%**
(5.103) (5.240) (5.242) (5217) (5.256) (5.233) (5.163) (5.180)
RP 0.002%** 0.002 *#* 0.0027%%* 0.002 *** 0.0027%%* 0.0027%%* 0.0027%%* 0.002%**
(9.787) (9.048) (9.389) (9.057) (9.325) (9.007) (9.592) (9.378)
Age 0.029 0.028 0.029 0.028 0.028 0.028 0.028 0.027
(1.630) (1.547) (1.641) (1.585) (1.612) (1.547) (1.585) (1.513)
RD 0.016* 0.014%* 0.016* 0.014%* 0.016* 0.014° 0.015* 0.014*
(2.256) (1.974) (2.210) (1.947) (2.186) (1.959) (2.057) (1.970)
ci 0.127%%* 0.128%* 0.127%%* 0.127%#* 0.128%* 0.128%* 0.128%* 0.128%**
(8.747) (8.829) (8.803) (8.797) (8.807) (8.801) (8.843) (8.895)
c2 0.006 0.003 0.004 0.003 0.004 0.002 0.003
(0.456) (0.203) (0.308) (0.248) (0.329) (0.180) (0.228)
DC 0.721%* -0.168 0.694 0.574*
(1.977) (-0.139) (0.503) (1.820)
BC 9.178" 27.25 75.03%* 71
(1.676) (1.120) (2.920) (2.750)
c -0.101 0.021
(-0.583) (0.206)
PL -0.004 -9.406¢-06 0.003
(-0.155) ) (0.128)
DC: C 431
(0.773)
BC: C -80.181
(-0.763)
DC: PL 0.017
(0.019)
BC: PL -43.98%* -44.95%*
(-2.620) (-2.700)
Intercept -0.026 -0.018 -0.024 2.662¢-04 -0.027 -0.011 -0.018 -0.018
(-1.184) (-0.816) (-1.072) (-0.006) (-0.864) (-0.245) (-0.423) (-0.491)
AIC -3024.82 -3026.77 -3025.67 3023.39 302226 -3022.81 -3028.7 303236
Multiple R-squared 0.4088 0.4124 0.4114 0.413 0.412 0.4125 0.4086 0.4194

¥R, . ¥ Rx R RRIEEORYE 0.1, 0.05. 0.01 F10.001 7K AR
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Table 7 Regression model results (N=463)

(AR,

Y2 )

x B8, ER, B %, ME4E, B &
X35 BT & VER 45 X3 4 A 35 AR BIET G330 B9 52 M F 5

(Dependent variable; y,)

o B 1 R 2 B 3 i 4 B 5 i 6 i 7 i 8
Density 0.618° 0.224 0.551 0.040 0.545 -0.069 0.412
(1.734) (-0.415) (1.521) (0.071) (1.494) (-0.108) (0.987)
4 0.002%* 0.002%* 0.002%* 0.002%* 0.002%* 0.002%* 0.002%+* 0.002%*
(4.154) (4.299) (4.237) (4273) (4.234) (4.314) (4.175) (4.179)
RP 0.002%* 0.002 0.002%* 0.002 ** 0.002%* 0.002%* 0.002%* 0.002%*
(9.903) (9.141) (9.588) (9.182) (9.550) (9.059) (9.695) (9.458)
Age 0.030° 0.029 0.031° 0.030° 0.030° 0.029° 0.030° 0.029°
(1.713) (1.626) (1.719) (1.716) (1.729) (1.665) (1.680) (1.664)
RD 0.015* 0.013° 0.015* 0.013" 0.015* 0.014° 0.014° 0.013*
(2.096) (1.803) (2.063) (1.816) (2.100) (1.885) (1.958) (1.933)
ci 0.130%+ 0.13 %%+ 0.13 %%+ 0.13 1% 0.131%* 0.131%* 0.131%* 0.131%*
(9.040) (9.129) (9.069) (9.098) (9.060) (9.082) (9.079) (9.118)
c2 0.007 0.005 0.005 0.005 0.005 0.005 0.005 0.005
(0.518) (0.380) (0.351) (0.349) (0.350) (0.410) (0.336) (0.402)
DC 0.752* -0.969 -0.105 0.626*
(2.072) (-0.808) (-0.076) (1.983)
BC 5.961 5.780 50.15° 43.86"
(1.093) (0.238) (1.954) (1.699)
c 0.170 0.042
(-0.981) (0.415)
PL 0.014 -1.040e-03 0.006
(-0.513) (-0.045) (0.285)
DC: C 8.329
(1.505)
BC: C 0.588
(0.006)
DC: PL 0.587
(0.646)
BC: PL 29.51" 26.69
(-1.759) (-1.785)
Intercept 0.021 0.013 -0.019 0.016 -0.029 0.005 0.014 -0.026
(-0.959) (-0.576) (-0.884) (0.395) (-0.917) (0.102) (-0.330) (-0.693)
AIC -3031.49 -3033.83 -3030.7 -3032.32 -3026.88 -3030.28 -3029.9 -3034.73
Multiple R-squared 0.3996 0.4037 0.4008 0.406 0.400 9 0.404 1 0.403 7 0.4065
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8 [ITAMAILER (N=463) (PSR y;)

Table 8 Regression model results (N=463) (Dependent variable: ;)

o B 1 i 2 B 3 i 4 B 5 B 6 i 7 i 8
Density 0.724* 0.056 0.678" 0.228 0.673" 0.173 0.579
(2.085) (0.106) (1.924) (0.411) (1.894) (0.276) (1.423)
4 0.001° 0.001° 0.001° 0.001° 0.001° 0.001° 0.001° 0.001°
(1.660) (1.776) (1.721) (1.760) (1.724) (1.789) (1.671) (1.682)
RP 0.002%+* 0.002 0.002%* 0.002 *x* 0.002%* 0.002%* 0.002%* 0.002%*
(10.504) (9.807) (10.232) (9.818) (10.193) (9.734) (10.297) (10.030)
Age 0.030° 0.029 0.030° 0.030° 0.031° 0.030° 0.030° 0.029°
(1.754) (1.682) (1.758) (1.750) (1.773) (1.709) (1.724) (1.666)
RD 0.015* 0.014* 0.015* 0.014" 0.016* 0.014* 0.015" 0.013*
(2.209) (1.965) (2.185) (2.003) (2.241) (2.014) (2.096) (1.976)
ci 0.13 %%+ 0.13 %% 0.13 %%+ 0.13 1% 0.13 %%+ 0.13 %%+ 0.13 %%+ 0.131%+
(9.311) (9.377) (9.325) (9.353) (9.319) (9.334) (9.326) (9.377)
c2 0.009 0.007 0.007 0.007 0.007 0.007 0.007 0.007
(0.665) (0.552) (0.546) (0.530) (0.542) (0.573) (0.533) (0.593)
DC 0.596" -0.546 -0.029 0.663*
(1.686) (-0.467) (-0.022) (2.154)
BC 4.008 2.829 37.35° 32.06"
(0.755) (0.120) (1.493) (1.274)
c -0.087 0.054
(-0.513) (0.539)
PL 0.010 -1.622e-04 0.004
(-0.368) (-0.007) (0.183)
DC: C 5.525
(1.023)
BC: C 5.041
(0.048)
DC: PL 0.429
(0.484)
BC: PL 2227 23.167
(-1.362) (-1.428)
Intercept 0.025 -0.019 -0.024 -0.005 -0.036 -0.006 0.021 0.023
(-1.170) (-0.852) -1.117) (-0.130) (-1.17D) (-0.142) (-0.502) (-0.650)
AIC -3066.09 -3066.97 -3064.67 -3064.35 -3060.99 -3063.21 -3062.58 -3066.87
Multiple R-squared 0.3812 0.384 0.3818 0.3853 0.3821 0.3842 0.3836 0.3862
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