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Abstract

The high-quality development of manufacturing industry is an important content of the high-quality
development of China’s economy, and the collaborative innovation network is an important mode
of manufacturing enterprise innovation. Based on the joint patent application data of manufac-
turing enterprises from 2007 to 2020, the social network analysis method and exponential ran-
dom graph model are used to explore the network structure, evolution characteristics and in-
fluencing factors of collaborative innovation of manufacturing enterprises. The research results
show that the network scale and cooperation trend of innovation subjects are enhanced step by
step, but the overall network structure is still loose, and the collaborative ability of most innova-
tion subjects is not high. The evolution of collaborative innovation network of manufacturing en-
terprises is affected by internal and external factors. From the perspective of endogenous network
structure, both the immediate effect of star shaped structure and the evolutionary effect of closed
triangle structure have a significant impact on the collaborative innovation network; From the
perspective of exogenous node attributes, the evolutionary growth and network size of collabora-
tive innovation networks are not affected by the Matthew effect, urban homogeneity positively af-
fects the evolution of collaborative networks, and organizational homogeneity plays an inhibitory
role in the formation of collaborative innovation networks over time. Accordingly, the following
three policy suggestions are put forward: first, strengthen the main body of enterprise innovation
and realize the agglomeration of innovation factors; The second is to avoid the Matthew effect
aggravating the differentiation and promote the innovation and development of small and me-
dium-sized science and technology enterprises; Third, we will promote the deep integration of in-
dustries, universities and research institutes and establish a complete innovation ecosystem.
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Figure 1. Factors influencing the evolution of collaborative innova-
tion network of manufacturing enterprises
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Figure 2. Evolution and growth process of collaborative innova-
tion network of manufacturing enterprises
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Table 4. The intermediate centrality of the three stages of evolution ranks the top 10 innovation subjects
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IR ARG s YT T S R B AR
HIRAF ! RS " HIRAF 88

5. ik 4l i E SRR R AIE S R E R 9 4R

A RiEF 1 Statnet LB IS HOEAT Al vF, 44l il bir 15 G037 RO AL RAAE S B2 X 2, DOAS
B G L R IE 5 fTdl). BaER/BNERRZTELTHF T EREGEMSNME, REENHIRRZ
SN TR 2 T A VE SR R T R A IR RCR . DAk (5 S HE U (AIC) AN UL 45 S HE U (BIC) PEA
BRHLA A, AIC 5 BIC MEMN, ARG MR T AR F R, A M A5
R e AR R (KRB R AT, P A X 2% 5 A o [ B3 19X 4% PR T B M K o

1) WAEMZEERIFIRIBONAG K . GWD [ 2 EAE Vi [F) 837 W 2% 2% AN AL B BUA B35 9 1E, BT &
P i FAth = ORI A I L R T T S R RRAE (0 R A S5 0, B HL RROZ,  IX— S5 st i 4%
T R TTHRAE =B B2y il 98.4%(exp(4.14)/[1 + exp(4.14)] = 0.984). 99.1%(exp(4.69)/[1 + exp(4.69)] =
0.991). 98.6%(exp(4.27)/[1 + exp(4.27)] = 0.986), X W 2 BRI 45 (¥ BV A SR, FE B 25 4y s i By [ 1)
W7 DR 2% Y ISR T peU B2, B 7 2 00 X 2 i A 45 ), S D 2% 52 0 LUK 6 AZ O 1 s D 9 “ A% - 10257
FHIE.

2) WAEMZE R AR RT S . GWESP R N IE, HEILHIZEM BUf &%, GWESP
o b [ 1) 3 9 4% ) TR R W46 1 91.8%(exp(2.41)/[1 + exp(2.41)] = 0.918)1 in% 94.7%(exp(2.88)/[1 +
exp(2.88)] = 0.947), X it BRHE filig ANV B G RN, 5 HARGHT 3R S SAS R AR . B
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e,

RAMFEMERRIGET, BAT MG =MERF LR BN, RIFZm A W 28 AL R g g o, (R
W H2 {37,

3) AT RV SR RN . B TR RE I RS S Bl Th o, PRI BUHT I8 A7 AE 5 oK
RONE, AEL R S B 7] G 9T R P A2 VAR FE (IR 35, AT 0 i [0 61037 £ 19X 288 30 e A R AT R 2% RS
BB H3 AL, AR — 2 TR RE S0 R RONAG S o IR BE T 55— i B W (7] 813
W2 (T R AR TR [V R, SR I BT T AR A BE T 008 0 48 FAO R 2 2 JER 1 1.02(exp(0.02)) f» {EIX —
TRIRAE = =B BUA FREIESS, B — D s IIEESON T8 5 HA Y mE BB KK IR,
B QT T 1A i R 2 A R A SR % B AR S HAL EAR B & 1F. 2 I TaUE EAia i B oy
WA RE SRS HIR G LA, (RS O TIRMBHB ARG BN b 5 G0 7k R e i i s L)
SRR RRBUR M S, & AV AEBEAT P [R 5FT I A 2 L5 8 B AR BT A e ), HEAE N
WHRZRE ST Ak B B AR AR A RE T S B AR R B S AR O R AL . 2 TS MR PR ) 5 R
iR SRR SR APESRARE = AN BUO AR, XU QIR BRI KT R VEAS 2 DR TS HoAt 3 ki
SO EAE R R, AR “SREAR " KON, 0 S A & R S BUE HaE k2, JF
KA R BUFFEETE RN

4) AN SRR R B RN A 96 o FE TR T (R A AT 2 SR R 5 £ X 2% ) o PR AS A6 A T, X 2% Tt
ROSAFAE, PLE1T i P ERAEARFALL 52 U PR AL 3R IS A RE AN R, BBE HA SRR e — 2 3l T [ B PEAGr56: »
WA AR =B BEEC BRI, 26— W By [ B vt W 28 (R 0T Teimin, (HAES —. =Bir B sz
FEFERELT 56— BB 23R T, Sm R 4 TS 3 . IO T REE 5 S BORIZET RIS, bz [
(A NS, I R SRR PR S R S D, [ — I T S K BT AR E T AR BT T R SROKEL
2, MNFRIFEARMRRE T 2, EEHELEVINEIERR. 5 =W BB 34000 7 45 2R
PEREAR, SARIEIE B B I BEIRoR 1 ) 2 S5 SO0 B AR R Q8. —RALFEFRTERLK. 55— “FE
REOFARE, H=Fr B FF LR E T, 0 O R QU 28 R B 2 AR, RS T —
KU ALEANR @ EERR, HIEL AT RR TSR KMANGE, BHNES mEBEAL
FHITRE T iX L5 AM R Q8T TR & B A, —J5 i, e S B A BHIR 5 i B % LA SE I 5l 3E A AR BK 475 11
LAV R A, $ETH AR RO, AR BRI AL, D ik B WA R 1 BEEIR 2
Ty J5TH, B AR B T A AN T AN, DG M AL AR BOR BT AR s
0 (0 XE DU R (A% o B AR 17 AL

Table 5. Estimation results of ERGM parameters in three stages
5. =Z/MrFX ERGM &8fhit4E

B TR MR A TR LREIR
Edges —-4.90™" 717 -5.31"" -7.76""
GWD 3.98™ 414
GWESP 2397 2417
R&D ability 0.01" 0.02™
B Structural holes 0.05 0.05
City 0.10 0.09
Organization 0.13 0.19
AIC 2601.50 2199.73 2601.57 2194.90
BIC 2609.81 2224.65 2643.10 2253.04
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B, P

o3
Edges -5.41™" 787" -5.20"" -7.23"™
GWD 467" 4697
GWESP 2617 262"
R&D ability -0.00 -0.00
FE B Structural holes -0.19 -0.40
City 0.32" 0.30™
Organization 0.01 0.00
AIC 4493.96 3750.91 4491.63 3753.22
BIC 4503.24 3778.74 4538.02 3818.16
Edges -6.00™" -8.37™" -6.23™" -8.65""
GWD 4.23™ 427"
GWESP 2.88"" 2.88™"
R&D ability 0.00" 0.00”
F=MrE Structural holes 0.10 0.14
City 0.23" 0.21"
Organization -0.15 -0.22"
AIC 9689.30 8031.19 9680.67 8015.70
BIC 9699.84 8062.81 9733.37 8089.48

“p<0.001; “p<0.01; "p<0.05.

6. ETRLGIRSBIREN

FEF 2007~2020 EfiiE Nk BT A R G HE TAIEEE, 2 BOAE P FIGUET 4, 5 At
T, BTSN B B R 28 G5 S AR AR AT B F) BB X 28 R IR R R, R AR BE AL
PR BIF 7E I 2 A R R IS R R 3R . W R4 i 0 T

B A& AR R BFT I S5 ROR T, BT AR 48 U L & VR S50z i BUg s, Vi[RI 61
Bz PR, (BRI Z SR B LA, R BBH BRI R RE I AN B,
ik ) 3T 0 45 £ P9 ZE X 2% G A R 0 4 SR S R A SRR DA 5 = A 3 R R M il 3 b iy ) G5 R 4 5
SR TGS W [R) BT RN 28 X RN AR, PR = A A AT AL RN, LR Bt o5 I TR A6 12 AN
58, EERARMBEIEZI BRI =, MM FEQUHRZ 0 5 RN Y6 45 RO DL, B[R] G35 X 2%
R RUNAFAE, AERT H [ G D 000 255 36 A AR 0 28 RS M AN R, BT Ak 43 6 ) 0 i % L 5
TJEPEIEA R )% TS HAL TR &1 2800, R QIR 2 (K R B PR I 45 RR W, LT 5
(O BEAEART ML 2 3T 7)o P AL A ) Bk (R S e AN () o T ) o 2 B ) e AL LR g 5, Q8 AR
VEVEE AT PR Tt AR Pk B I (R AL S M FEAG, gk b AN R R T 5 RIR AL LA AR, K dn o
5 REBR . BHITEE AT IX LL AN AET AR A AT

WL L TEa R, B VAT 4 P 5 H a5, JCHR T AR R A e AR 2R
BN P/ 5 N b eSS S = A VA= 111 P40l i SN N S ol TR vk O = = P el T SR NSRS s Ay
AR, Eo /bRl T A SR RE, SINBEH RN S AT it PR T i
MbARMY BT RE ST SR, SEBUFE TR, ASSCRR S DA BRI
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e,

1) SR AUE EAR, KOO ERER. —RRIFENEMSLE RN G =AKNamis, 5
Gy PR AZ O AL R BER AR 35 B R AL S, @O ASER R “7EE - GURTEE” , TR L BEE
ZNEIHTEEI PRI BT RIS . R PR O b B AR il A BT R BB, VRS BB 41413,
AR IL, GRAMTIZ QIR A7k A S VI B A & . = nsim Aol P & e B AR A RS B e 70 2
BL, RTHAZ L TES ST, (et F AT E R A bR

2) G S RN NE Ak, s T NI R A R . TN L T B SR RE AT R
L A5 SR T B2 PR KORIaAD T ) HAt G AR B VR AL 2 o —J75 TETBURT P 3 3o A5 AR 2 ) I A Sl o
BEAR ARG Ml A /NS AT R BB K A, S5l L (R MR BB AR U [ B8, WA ST B3R - 1A 5 St
WA F3— 51, HERIEEEI,  BIEAE A B — R IR 1R b 25 2 5 v /SR Al (1 1)
WA, DLRB AV Sl b SR A BN B GHTHE . BERNEE, HEshrh R AL AR -

3) MEBNEVRR RS, BRI ES RAE R —RBUNHIEMARBUR, # S
S RAEBAL BTG IT S AR R AL TSGR & AR R FEE S, SN a0 AL
KIIRE B ER R, IBORERE B A AR TG AL BIRTBCR . — R PRI T 7 Btk R, 2k A
A BOR REAFE IR S IR AR, GRAESIE AL NV HORQUET IR TE 2 R BRI, P P IE]
AH SR IR AR . =SSR R BUIECE, IsE e AA BT BN, R SCR R A
HIELN N NS BL, SRTHRIIE A G BRI -

EHEUmHE

EFE A SRR S HFEIE OB 28 5t T 8 E Al 06 B ] 1 8O VP 5 Ak BT A
(20CGLO05); T 2021 4EFE “RHEGHAT S TR Bokha2 B U E “ A2 G2 25 1 filig I 48 8 0
BB : BRI S5 208 H A7 (21692105500)
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