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Research on the evolution and driving mechanisms for the collaborative innovation

network in the new energy vehicle industry
TAN Jing, ZONG Wangqiu
(School of Big Data and Statistics, Anhui University, Hefei 230601, China)
Abstract: Based on joint invention patent applications in the new energy vehicle (NEV) industry
from 2006 to 2022, innovation actors are classified into three categories—enterprises, universi-
ties, and research institutions—to construct a collaborative innovation network. The social net-
work analysis is employed to depict its evolutionary characteristics, with the exponential random
graph model applied to examine the driving mechanisms of its evolution. The results indicate that
the network has expanded in scale and strengthened in cooperation intensity; while overall cohe-
sion has declined, local connections have become closer, network connectivity remains strong,
and a “small-world” structure has emerged. Regarding endogenous mechanisms, transitivity and
brokerage nodes promote network formation; regarding exogenous mechanisms, innovation capa-
bility, age, regional market competition, and industrial policy all exert positive effects on net-
work evolution. Actors with high innovation capability and medium-to-low age exhibit significant
assortative effects, whereas those with low innovation capability and high age do not. Geograph-
ic, institutional, and organizational proximity all facilitate network evolution and demonstrate
synergistic interactions, though the effect of organizational proximity weakens as actors accumu-

late experience. These findings have important implications for optimizing industrial layout and
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advancing the construction of a modern industrial system.

Key words: new energy vehicle industry; collaborative innovation; network evolution; driving

mechanism; exponential random graph model
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Fig.1 Trend of collaborative innovation in the new energy vehicle industry of China, 2006—2022

A4 I R BT A A G Wl & R P
I 138 756 Bl AN [) 4 23 2 R ) ) s A A A B T) 41 38
Wb R EERFEMAER R R ARAN S50
) 400 3 4 o5 Ll . BT AR R TR AR 7 P TR AR £
R I 22 AU R RT G S B LI 1. R fE
PRV M BRI T RS S92 Bl i % 0 & R
ARG, RDRE 77l & e Rl 43 R JLAS B B . 2006-—2012
A B AR IR IR A P L B A B L R B AR X L R
FEAE 150 25 LATF o 77l 1l 3 55 5K i A 78 43 Bl 7=l
HE Rl 18 it A 5 R AR K Ah TR0 A8 B B Al B A

TR /N, BB TG B AR XA B, 77l & R Ab T i 2P 1
HKW B, 20132017 4, B & H K& L 6 AP
W, B FIBCR T bR b TE AT B AR KA T,
b 55 T 16 3% A0 I B T T SR B G, 0 2 B
XoF BT R T VAR 18 D G B3R 32 3 B A6 AR S A Al
AN KB LB B RE IRV 4 7k i A G208
BrBr. 20182022 4F, H K B #F — 0 g, G
SR IR ORI A 4 O B BOR B R AR BE TR
REVR IR 4 7=k A Dol & R . & R HA 3 80 L ok
Ko, B AR , 17 ALY, Al 5] 6 A 4 F



422 V22 BT R 2 54 (2025) 5 41 455 3 )

FRAZ W H #5382, 77 Mk 55 H o 35, B Ae 1k . s 3l
A SR AR B B 2 S BT R R VR E B T 4 o5 A R
BT O AT M R R R B ) A BT e T
KA 8 2 i AP & i B B, 7 Ml 25 48 3% 25 A1
1k . 55 5 773 B 0

F 7 2 W O[] BT 7 L R Al 4 24 02 BT g
TRV 7= A i A% 0 7 S R A TE B [ 6
o7 LG T AR 1T R HLAS PR IR 6T o5 L i 2R
HI H T AR A ol HL A Ao i R B R G e
I3 VA RS B N A RNGE 4 SRR L BRI A5 1 2l B4
5 IR XA T — 2 15 R R A ol 8 5 T | 45T fE TR
KT B & R . SR, Bl 2 7 b ik — 25 i
1 A 5 Ak 2 ) T B TR 2 B RN A% 4 43 T
AN T 0] R [ B, 23 55 0 R BT 4 i ol B K i 4
T 3 A5 A5 A Ml 8 Pp TR b Y o AR A T R
W AE Up [ BIHT v 9 bE 2 R B . B AILAS B T AE
ARG By FGE U5 5 T AT e T I SR 1 e B A Al Y 5
G P ECLARGB D B SRR A AR P [E R A
R EL =T
2.2 WIRAE
2.2.1 fhaME ok

A SCEE T2 W 4 B S B L A R A8 A
PRAE R S AR B AR R il B ARSI 1
R, F 8 TG 1) AR H R R TR VR AR 7 7 2R A
DMV BIHT 2% . S5 B Be 22 i B ) 60 38 9 4% 38 Ak 4 £
Pl WL I 245 1) YA e 32, O | A I 4% 5 1 48 B Al ik
£ 3 B 3 [R] 058 1) 4% 1) T 16 AR E

D) 15 s8N,y 2 i BB, W Ok i
I (RBP4 1 IR 4% R ABE , JHG B K 156 B o [] 21
B I 2% RSB K

2) FHRE K, o P rh BTG T i e i o 1
B0, 0T ke A £ U R A X 2% 1) A e R L L R
Ui W TR [] BT D 4% 5 1R 5 5 A 1

2~
K:NZki (D

A N RN B RCR 5 k2 D R AR SR Y
SRR
3) WL ., o W 45 Hh 52 B 3 32 5505 T g i
FEBOHY LA T R i B 19 46 op 3 ) KR R
T JEE  HCARLB R 158 1T p [ 00 B 6 2% oy 3= 4 [ I A% e
M
PTNIN—D
A N FRoR 1 A B s MOAGRIL Y R
4) YR BE L B A Y s 8] 4 3 5

(2)

P T A A0 i ] 0 1 4% ) i
U T I [ €0 37 0 8% 1) 37 3 PR

P AR BN

B 2 N
L=x3on= 1>1._j21d” )

KN BRI R & BN MR Z
[F) i S B A AR JEE

5) RERMC. M I AT R REREW
PP o AT SR A48 A [0 45 r A 408 i1 A 8] A7 A
PR ME 3R S R X 2% PR A 0 g R B A L B R
TR LA EE R R ERE.

N 2FE,
C= %Z}) D 4
A N RR T B kb2 D R R AR ST
SRR E R AT R A8 Y 1] S B A AR
Y A
2.2.2  1EHCBEAL A
Frank Fl Strauss'™ #2 H (1) T /K B 5 Bl B 1] 4
#JE B - 1 F8 B BE AL B A A Cexponential random
graph model, ERGM), [l J& Wasserman #1 Pat-
tion""" FE p, ASEHL Dy R B 5K BE AL IR BL a4
W pt AL, Al B N 2 Y 22 ) S e A
TE SR AR G 22 o 33X — BB 45 I 0 i T K
i B 4 £ Bl AL A R RS AT LAy p ™ A AR
LNENE/N WS

Pr(X — 2) = L

k
Krp . X JEREALM 255 & THRALAS B X, KR AK
iR G SRR B, AR i RN =z R AE A R A
X, =1, B 050 Fom W4 B2 56 R M i 48
M1/ BRI T 0~1 ZEHH 2, (o) &
W28 G it i L FE PN AR S5 R0 A8 i AR R 2% G
RAFNE 50, 0 M4 T 0 R B
2.3 TENASEINNE
2.3.1 Rl

AR SR i R AR it Dy b DR AR R VR 7l B [ B
B 2 h BRI AR T P2 AR B AR S R IR, AR
I B B S b T AR IR VR A 7 PR R A T I 4%
T AR N AR AL AR dE A A L AR i L AL
il A5 S AL P 45 P A 25 4 AR i A AR DL AR LS
AR T 7 e R ) 4% I A

1) PN A= 5 4 7

JUT A — 6 3L 24K A (Gwdsp) A B9 25 44 Ky
WA BRI R 00 BT A 1 vl i AR 22 B AR R i
WA s R AR R TR O = M 454, AR 2 5
TH1 SRR A 55 A WG A 0 A7 i S B, N

exp{ 2.0,Z,(x)) (5



LA L 45 B RE TR 7 ol D[R]0 B 190 245 35 16 55 3 D AL BT Y 423

R £ f TR AP AT DLAR G 0 R 4% B A M, AR
SCHEHL Gwdsp P AE 5 #4248 Bt 287 A% 3 1 L 5 i )
o RN T 2 R S A v W i el T L 2 e A S
fEH

2) A S s

RN 3T LL R KR RE 1 (PAD
AR CAG) | Hb X T 37 38 4 72 2 (CMD b X7l B
I (SP) UAASRJE M2 g9 A ERGM, 3 H 5 K
RN 2 A5 23 % L R R TR 4 7 ol B (R B1ET I 46 1
WAL A RE R L BT R R R A AR 7 S 5 |
ZAKAE S AR R KBS G L R ok I
BT R B & ) H 3 OBk D 5 45 A 1R 1 81T g
FIE A AR B TR /N A 1 B ST A B SF Al 10
BT AR T A £ b DX T 3 5 4 72 B 388 A Herfind-
ahl-Hirschman 8 805 817, Hita ARk .

i—1

K H . H & Herfindahl-Hirschman 8 %; n b~
ST Ak b 1XC T 375 TP R RE TR A A b i B 5 S Ml X
Wi e o AT 3 0 8 (A 43 1) . Herfind-
ahl 8 BOBAR , b DX T7 37 52 Ty Bk, e 2 s . A
A i Ak by DX 77 Ml B R o A% A b D7 P i R S
b, 75 BN BB S AR G SO I B R ke i

[ EC RN o AT DL B AR A SORE BT BE ) 55
LR KA FH A ERGM., B 88 45 8108 A~ 1k
Q05T BE 1 5 AR AR I AT HE A IR R A b R =
MEGAKT HE £ 720,25 % TN 4 5lie 8 PAH Al
AGH, £ 78 (25%, 75 % ] W 43 i PAM F
AGM HE 44 76 (752,100 % ] 1 43 il it 2 PAL Al
AGLM SR 5 S BCBIRT BE 71 55 9015 A 1A 4F 1 45 AR
AR [v) P A% s, 2 4% HC ) TE M 0 B e 50R 42 7l
I I 420 357 00 £8% 36 A 1) BK S A T

3) MK RL &

HBERBITAE (GP) o F & Q18 A 14 BT I Sk i
(2 4 BT Z R B BRI IR 25 D WA~k 5
LB N Nl TR U B2 Q1) S 7 = RN WS

d; = C{arccos[ sin(a;)sin(a;)+
D)

cos(a;)cos(a;)cos(| ; — 1, [D]}
P, SO i 5 I B2
LS R RIHA K ¢ 5 BB K 9% 0 C =
6 371 km, N HIER G2 AR 7R 0 ML AT APT it
i BRI HT S 4 1 28 45 BE AR S L I 0T 3K T b B

g U= R e LB O = e Rl TR % NE ISR 1 5 T N N

Z 6] () M B AR T 1
D, — min(D;)

max(D;) — min(D;)
KGRI

il BE 4RI (IP) . 225 WRAER J% 55 ik 5%, Al
F AN 68 T R — & 0 7 B A ik 2 5]
il BE SR . Y A B A IR R T R A e
IC T H B BEARS TN 1, 2 0, A KR 2E AN
FIRK R ER AR A AR TR — 8. &
Z 0] EE AR 1, R K F M Z KR
TRl — AN 3 22 A B 2R R 0

L LA F 55 W —14 50

! 0. 8IH £k i 5 KFEJE—HH
Ao T Ryl B AR I

HAERIEPECOP) . % I HE Q1 A K X 45 A
Al E A B HLRY 3 AN i B 5 A E
1) 1) FRTE N 75 A R ] 114 21 20 28 R R ) 1) A4
R E AR . S 5 A VR AR S A 1) ) 40
U, AL LUAREPE O WRAE N 1, 7 MITRAE N 0,

AR PE B 2 T, S R O P TR Y 52 BAR
FH T Ah SR PR i i 38 BT,y ok e £ AR AL
PE 1 S A AR R R AT v Ak B 5 Ao
TR AL FE A8 0, A B ) i T A0 30T M 5 A R A8 T
MIAZEI I (G—G)(I—1) HiFRARUE P 5 4 41
BT AR HIN oo N (G — G)(O—O) (il B4R
PESHLERE RN BN ook (I—D(O—0), H
LG LORMERG . ILOMYE, UE=4%H
B S SV i el 51 NE O 08 A I 2 sl I
1E 2 B 38 A7 A BRSO 5 #5 R B, W 3R K
[E1R S = v Y GIA
2.3.2 fEAUFgEE

N T 4% P 2 5 ) AR A AR R A R 4% G
FAREAT A ERGM, FFXF F SCH B B 3 2k 17
SEUERE S AN LA 1 SR S A R E R
FEMEAR A SRR 2 FEA AL 1 RYSERE A T M 4% ¢
FRAZ L O AL RS B0 AR AR 3 FEASEAY 2 1 Jk
Tlt 1WA 0 T P 4 PN A 6 A R i O AR AR AL RN AR
P 25 G A S s Al

BREA 1,
P(Y = y) = exp(0,Eq + 0, Py +0;A¢ +0,Cy +

05Sp + 05 Pap + 0 Pang + 05 Pa +
0y Acu + 010 Aow + 011 Ac) /F

G; = €))

9

(10



424 V22 BT R 2 54 (2025) 5 41 455 3 )

A 2,
P(Y = y) = exp(0,E; + 0, Py + 0,A¢ + 0,Cy +
05Sp + 05 Payy + 0; Pay + 0 P +
0y Aci + 010 Aoy + 01 A + 012G +
051+ 0,0+ 0,5 Iy + 015 Lo +
0. 1) /k an
FEHY 3.
PY = y) = exp(Q,Ey+ 0, Py +0,Aq +0,Cy +
05Sp + 05 Pay + 0 Pag + 05 P o +
0y Acii 4 010 Acu + 01 Acr + 601G +
0051+ 00,0+ 05Ty + 01510 +
Or: Lo + 015G, /k (12)
o E S W4 R 1 8 G R JLAT in A — ot k=2
KA ZE RIS N A S5 AR 5 Pa v A Cu s Se 20 901 R
BT AR B8 BE T L AF % DL KT A b X fY) T 3 38
G R M X B s Pan s Paws Pac 23 91 0 &

DA SPGB 7o
e

WAAAEA

(a) 2006—20124F

(b) 2013—20174F

AR = AR RE T SRR Acn s Acw s Aar 40
R A AR AR S GRS AR AR
G 1.0 53 5| Jy oo 28 o) B RN ZH &R 3 M 5 Ter s Lo Tho
R AR M B B8 LI, 3 R 45 O R AR B0, ~ 0,
RIh Rl R AL
3 SCUESS AT
3.1 thEIHFH ML ENAFED
31,1 WrIEA0 T 2% v Ak

ARSI Gephi B4 43 B Be 2 i 3 b [ 57 A
PEVRZE 77l B [ 1) D 8% 1) 4 1 14

2 B B A R B £ 5 4 R AE 1Y
WL, S I 4% 7 Ak 34 %) T &4 v G g A 0 B T A
A 8 RS A BRI B b B O T 3 T L X L R
W 4% 3 A7 1T A TR BT I 4 FLR T Ak DL s 2,
rh RS TT A,  AR  OR/N DL R Bk B A
HE R YRS 22 (71 R R RO

(c) 2018—20224F

Bl 2 2006—2022 445 [ Be v BT AE R4S 7 ll B ) 6587 190 285 41 0

Fig. 2 Collaborative innovation network topology of new energy vehicle industry of China in various stages from 2006—2022
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Tab. 1 Statistical characteristics of collaborative
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Tab. 2 Parameter estimation results by the ERGM
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Za 14
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2
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