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Figure 1 Research Conceptual Framework
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72 R 4 R 0 R Y A R R E, (5%
LAHIRI“ A3 5 517 g5 55 SR , % A A R % 5l %
I EL B 13 8,000 39 0 B, 0 /1 7 o 4 48 0 B
R I o T B U, R ) R
KRS BB, S

ﬂm=2mm@pl (4)
m=1 Pomt

Hep KB, hedEifE S H AR EME, m N ERE
Flar 2RI R, p,,, HEIESHRAEn TR 5K E
EHRCHE LA EFEMLE, N TR FEH
5 S8,

(4)3h 75 &5 # 7 ( dynamic structural holes, DSH) ,
FTHAAWATERERHE R HBE H
I, RASAALNFNZMRHREEERR, B
FEETHMHANA(MBH ARBEZMERB0)., HitE
bW}

2
AC, 1y =Z (Pij,(ea) +zpi,q.(x+1}PqJ,(x+1)) =
j=1 g=1

; (Pijoy +Zf PigiPqj )
qFEi#] (5)
ﬁq:' ,AC,'(“.”,,';%J(;"'l)iﬁﬁtﬁi%;ﬁgﬂgﬂEEP"E.‘W‘I%
FREIARBEZME, MM EFRNE=ZTHRAL,
Py M (e+1) Fifk MR H LA R AT G B
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WEWLE ,p, AFiESHRA TS AR DTS
HIRLE L3R L py gy 0 (+1) 4R 04 5 HL 2B BT 400 350
HAFFT GHNERER p, NFIERARNTH
IMA R P g R E LR, p, oy H(2+1) g4
LR T SRS BT R ALE L L p, RS
BT A SRR BT R E LR,

&5 14 ¥ 4= B ( generations of structural holes, GSH) ,
W 2% 4H AR BRI R Bl B K R R &, 45 F TR
ERMmEEEL ., HitEHN

!
1
GSHHI = T_Zl [ ACJ‘{H[},}.: I L] AC;‘(H]),:‘: <0 (6)

H o, GSH,,, i (e+1) 48 #9454 7 A= L9 B, Fom M 4%
RIS ERRG R PR 1M 4% F R
il R BRI H R BB AC ) 0 <0 TR AU R
il R BEAR

2% #4 ¥ 15 78 ( closing of structural holes, CSH) , 5 %5
HIR A AR R, P g PR R B R R A
Z MM mFAEERE ., HitHEHh

1
CSH,,, = EZ AC&(HIJ‘&; s ACi(Hl),r}l >0 (7)

Ho, CSH,., A (t+1) 5 1) 45 4 TR S ST 48 40, 3 0 4%
H DA H SR R B e F B DA M P R
il R BRI H R B AC 0, >0 R i HEAM R
il 2= g

(5)= 28 & . 2B 45 B i f & A P 4
FLPEENER AR, MERER AR EE R T
Bl HE ARERRMEPRRRERNFETRE;
R BRI REA kA & 3 4E Py A B9 & R B
HGWE, EERRT SV LUAEMCHIRE: PAP

PR R RO T A Y R AL R R D R
XEFRERVHAHENRAERLRA,

4 BEDIWMANER
4.1 MBSHNERER T

R 3 4 (9 B /] B 1, 2001 4E F 2014 48 7] %1 4 K
24615 M, i &G — B ah BB & 0T R gL
P FRAE , BLAE PR AL 1 B MR T PR R K
B P REARBMBRIQME, RIRBHELE 1,

IR 1AL, P A B BE T A B0 3 BOA
K, ME&HERFERFEMR, PHBERKEZSH N K
B, PHRERL AN EHE M. S
bR QX K F0.300, FF7EFA B AL EBL S, 2B
ZHBHRGBE At LEARRFELRAE
HIMEEMLE M., B 64 2004 4 ~2006 4 , 2008
4F ~2010 4F F12012 4E ~2014 £ 3 A0 [B] 5 0 F A9 8 (&
R 2% 45

EMMBEERAMEESEITMEXRELE?,
BEEAGFERBNHERXRR, ARXRRABEHNT
0.700. 77z MK A 7 BOE W Bl 3N T EREE 10,
7B R T T IR (H0. 100, 45 5 3 B 28 & 8] A fE 7
B2 E IR,
4.2 @EAH

AWK M LU E A 4 6 e B R R i, 3
oL, AU 1A 56 i ) AR A X A B HE A Y R
WL, ARR2H I BB E RN, R A3 R g
Fl & 5 F R BL B ) 32 B AR, BEAY 4 IR B S 4 A AR
56 25 R 3R A BRI FE A R PR T L BB 6 I A BT A 32
B, ERSHERILES.

Rl NESHIE
Table 1 Characteristics of Network Structure

B [6] £ 11 REMR A% RSEE FAREKE FEHRERE HRLQE
2001 4E~2003 4 121 254 0.035 3.765 0.683 0. 650
2002 4 ~2004 4 120 244 0.034 3.5% 0. 648 0.623
2003 4F~2005 4 140 371 0.038 3.443 0.693 0.520
2004 4F~2006 4F 182 494 0.030 3.287 0.661 0.497
2005 4 ~2007 4F 278 871  0.023 3.672 0. 648 0.528
2006 4F~2008 4 391 1192 0.016 3.712 0.630 0.531
2007 4E~2009 4 492 1310  0.011 3.795 0. 607 0. 566
2008 4E~2010 4 544 1377 0.009 3.802 0.626 0.670
2009 4F~2011 4 642 1405  0.007 4.048 0. 604 0. 643
2010 4E~2012 4 705 1586  0.006 4.153 0.599 0. 630
2011 4F~2013 4F 711 1602 0.006 4.254 0.614 0. 684
2012 4E~2014 4 774 1613 0.005 4.386 0.677 0.720




90

B BB (Journal of Management Science)

2017 4£5 A

(a)2004 4 ~2006 4F

(b)2008 4F ~2010 4F

6 FTANBEOTHNEBENSBSE
Figure 6 Global Network Structures under Different Time Window

R2 BRERITNAXRE

Table 2 Descriptive Statistics and Correlations Coefficient

¢ ®
DAt e ::’:’ ”

(¢)2012 4F ~2014 4F

A WE piEE Gt MZHE MIRER ASREER SRR

BFHEAL 2,652 0.834 1

M54 0.311 0.112  0.268"* 1

R 4.137 2.621  0.313*" 0.088 1

S H IR A 1.546 3.725  0.146"" -0.235""  0.169" 1

LHRSIE 2.588  6.234  0.159"" 0.146°  -0.084 -0.105 1

E:Hp<0.050," Hp<0.010, " Hp<0.001, FH.
R3 OPPRER
Table 3 Results of Regression Analysis
Bl AL
A 1 B2 A3 A 4 FERI S R 6

AR
R £ 3 0.022 0.030" 0.026" 0.031" 0.018 0.031"
HiRfEE 0.135° 0.146" 0.207°°  0.197° 0.144° 0.097"
SRR AT 2 0.107* 0.086" 0.094° 0.163° 0.159° 0:127*
HEERNE
& & 0.125 0.105 0.123 0.134 0.112
IR AL T 0.030 0.033 0. 042 0.038 0. 024
S R A A 0.092° 0.113 0.125° 0.168" 0.120°
MR 0.108 0.088 0.092° 0.105 0.088"
AR
FE& A £ x FIA R A 0.294***  0.285"**  0.264"** 0.275°"
TR
FIEE & x FHIREERN x 45 h iR A Al -0.136°* -0.108°
P& & x HITAERY x S5 MiFIR S -0.101°  -0.096"
R 0. 067 0. 143 0. 155 0. 204 0.171 0. 155
%% R 0. 053 0. 136 0. 147 0. 201 BiE. 0. 147
F 3.886°°  4.659""  6.133*""  6.277°""  6.489°*"  7.124°"
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43 RESRAME

(1) P2 P & 5 50 TR ZE ik xR B i 1L 9 S B4
1 35

by B Y 2 W 0, P 4% AT A SR TR i xR B Ak
WEERE AR E, EEB 3PN AZEI, M 4% H
BEMREMATENRHEAFERZFIERR
W, B=0.294, p<0.001, 5B B — ¥y P 4% ] & 0 038
Hu M EEREARABBGH AL, REENEN
hEIE R T A R R Bl B AL B 4. MK
B G5 M A R R R T B BT R R R B A R
Al & ¥ 80 & A

b T 5 405 L R A S 4 TG Bk A I A X
24 VA 6 0 0 U e ) B 0 R O 0, 5 2 0T R L B
P 2 PR & A B %l b 2 4 4 AR R Rl A — 06
HEHEAT T LA S8 P A 0 I B Rl Y (8 B0
— MR EZNARBER A, &7 55 R &H S5 MR
H Tt 49 22 HAR R 7R o

T HEHAR L

Bap) S 24

230 R
e i
% -
@ 2F FHA Tk
I Z L
r — HHE R
- == 5iRE ik
0 L L
T B A
&% B71 &5

7T NMBASSNRBUENREER
Figure 7 Interaction Effects between
Network Closure and Knowledge Base

HETA M, —FE, ERNERERENERET,
AT BN E WG TR EHEENELS
HERA AR, ERNEASGRENEGT,
BAEHAXZHAMELHARNELLNERER
BRHEIFEAER. 5—F@E, HA40NRE
HAREREN, MEAGSRIFEAEMX, M4
L0 HHR & 1R B B B, R A S R BT B L
M. B, 7R & 1k M4 A X 2 Rk
W 4% 52 4% P A 5 AR R A R S R DU D, BB B K
BEMMEAH R . H fH, BB, &t
I 3F 7 TATARYNOWICZ et al.''! ‘WAL et al. "™ 1§ 7T
AU A, BT AT TE B R G A S R
RN EEEME. Fet, B78x,HEARXEZEALN
EHAFBELSES TFHBRR L Mg, HEZ
B P AR W 45 545 M5 B 5 A0 R Rl R ), 4%
AAELIFERE A m S, LRMEREY
HARER AR B AR BB A BE R,

T R T W ORT ELRORE, M Ak A A
ARt T Z R R I MR ERE =
MM LK HHRABAETFBRRM S, H
BEREAMEREEARANF HRET, B MR
WEWHKE XOUFAFREAEBHMNER
- A

(2)%5 49 1 4= B2 9 18 15 1 R 36

M BEAY 4 0T S0, S5 A IR AR R I 45 PR & 5 R A
ME =D ZEXNAHEAFEREAMEWN,B =
-0.136,p<0.010; dy B SA] A1, 45 #4937 B 70 . N 45
5 50 R R R = 0932 B3 QB 4 Ak e B E i)
o ,B=-0.101, p<0.050; 55 % f [] )3 £ R 6 o 15 3]
FIFEMGE R A TIHM 2 —32 EAEH, RIEEH
T Az B0 25 H 1R BUE (B /D T EUOR T % #{H, B4
G 590 B 5 A IS TR A R A AR DI L 7 5 TR A
Al AR, R ERRES WA RS &
SR ERARBEFEREER,F=185.214, p<
0. 001 ; {i% 25 #4 17 18 75 55 5 &5 #4) ) 18 55 41 (6] B0 48 77 7E
BEXR F=327.214, p<0.001, & 8FE 945K
25 Fg TR A= B AN L FE X ) 4% BT 6 5 AR A el 3 B O
H) 8 5 4 B o

H 8 N O WM, M4k MR A L (S MR IR
BEAR AT, FF R % ol Ak A B X 2 R R 4 B Rl
MRS FH R SHEAME AL LML,
MAEWWAER(EHFER) SR, FRlZFL
i B &l Ak R 45 i B BT AE AL R RE W T R %
A A 0 A 5K 2 M G AR ROt B O 5 R A L
( G5 1 52 ) 48 By A B3 hn , B AR 0 T R 45 B
& 5 I Rl o B T A AL 2 2 AE AR R T S, (B
RINGR T FF B0 £ 0 A A ) =X % oll 16 9 I 5 £
DG FC 9 61T i LR RE o Ha, 1 Hy, B 3R T 2800 45 B
SrBAE, I ARBOR IR R R 4 15 B A
PR 2% ol Ak R 45 3 B iR A B9 RURR: L 9T L R IR AT RE R
KR ENERAAET A SBMELBK I
Bl 5%, S RE MK A B B 0 EKCRE B0 0 AR Tl 3 R BB, SR
LRI B B R

(3) 9845 1F A i e 2ok A B

T #E— 25 K B 3l 25 55 4 TR I AR A I B O B
Gk, B (e+ 1) ((e+2) T (e+3) & FHAIHT L
BEREAERHETHHABR G, ERRE4,

TR MEEE WA R, ERMEH A S MR
MBI EMN 2 G HESE3 ERFH BN T EEE,
TERG AL R A BERIE, (1+41) 4, B=
0.325, p<0.010;(2+2) 4, B=0.313, p<0.010;(z+3)
%, B=0.304, p<0.010, 7¢ 45 F 3a 4k B ) B A< £ v
BE N, (t+1)4F, B=-0.285, p<0.010;(1+2) 4F ,
B=-0.281, p<0.010;(¢+3) 4, B=-0.197, p<0.050,
BRIt , H, SR 30 0 2000 1 e 2t (BB R 15 B R, 45
MR RO BEVEREERK — B E AT, &
HIFEH 450 AE RS KR EENHT KT
15 B B O T N, Y A A A X — 4 o O
A 5 72 MR i ) SR 4, {6 AR R E INFF A,
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EHS SWAEHENATER
Figure 8§ Moderating Effects of Generations of Structural Holes
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(i ek
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BY SHRARTENARHER
Figure 9 Moderating Effects of Closing of Structural Holes

ToiE R m 4 TR T, 4 M AR A S R
Bl 9 32 B ANRS (e+1) B BTREAL R B 3% R
EHARAENEARA S, (¢+1) 5, p=0.264, p <
0.010;(¢+2) 4, B=0.221, p>0.050; (t+3) 4, B =
0.209, p>0.050. 7E S &5 H iR A= iE A BEAH H , (£+1)
4, B=-0.306, p<0.010;(t+2) 4E, B=-0.264, p>
0.050;(t+3) 4F , B=-0.233, p>0.050, [ i, Hy,H B9
1T S P B O R S B B, & F R A
1 2 B U6 09 3 T T 0 5% o Xt 38 IE T XTAO et
al. AP WA SHRIRE B AR
BIFSB AT EEEM, HEX —RENEBNAER
45 B B 8] P9 4 o

5 #ig

BIFTREAL TS E R I — 48 M 45 P & A0 R 2l 19
BT, R 45 & 45 44 R 1Y 30 2 o 6 8 fh ot 7 A
AESCBL M 4% B R R BTREAE I A RO B 28 . A BT B

THRESUM HAMNEAG S NIREMBNZE
X B A AL 1 22 T bR R i DL % S5 T A R R ST
AR, 58 b B A 1E B 5 BB BE 17 953 4
Bro BRoRas R M, OFF iR & X P % A A

M A6 0 2 1 A0 R R R 5 3 25 45 TR AR R R ST R
FHILEELANHELN R /DIIEE, HAFH
WEF LA REUBANELERMREN R
2o @I % ol Ak 9 45 F B P 5K 2 R AL R 4 R Y
R BT M 5 B B, X R B AL I R E B E
IE 1 4 A, T F i 2K 2 4 4k A0 PR 5K % ol 16 R 2% 7
TE {5 B0 JAN T BE i A B9 9 2% ik B, 3 DL RS A
BT ALK AR T R . O% MR 4 A I 5E
S i 9 Y5 ) % P 5 R il ke BT A 1 32 LR
N, EAFTEAE A SRR RO B 2022 5 o 45 0 A LA
St am AL T K 2 R4 P K% ol 1k 4% B9 B
ALK, 1 & T TR Tkt A K &
W £ %ot B B i 10 B 42 2 1E R o 45 4 3 Az R B R 1
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F*4 NBOPAINER
Table 4 Regression Analysis Results of Different Groups

2 Hg R A A e 2R R A K& AT fEC b b &

t+ 1 t+2 t+3 t+ 1 t+2 t+3 i+ 1 t+2 t+3 t+ 1 t+2 t+3
i A
eSS 0.024 0.022 0.021 0.033 0.032 0.032 0.019 0.021 0.022 0.025 0.023 0.019
KRk 0.137° 0.132° 0.133" 0.159° 0.147* 0.144° 0.101* 0.102" 0.102° 0.135" 0.114" 0.092
ot 0.088  0.113° 0.102  0.114° 0.108° 0.094 0.098 0.084 0.083 0.077 0.073 0.071
BB
4% B & 0.214 0.209 0.205 0.233 0.224 0.219 0.197 0.204 0.188 0.174 0.171 0.169
SRR 0.168 0.165 0.163 0.138 0.135 0.135 0.185 0.179 0.164 0.155 0.154 0.155
AR R 0.325%°0.313°* 0.304°*~0. 285°-0. 281°-0. 197" 0.264**0.221  0.209 - 0.306°0.264 — 0. 233
R 0.132 0.155 0.224 0.148 0.236 0.283 0.176 0.251 0.332 0.248 0.296 0.283
i3 R 0.127 0.149 0.208 0.125 0.226 0.274 0.169 0.223 0.328 0.235 0.288 0.274
F 2.446'"3.784°* 5.556"* 3.013°" 4.865"° 6.604"" 3.164"*5.519" 6.132"" 4.329"* 5.111"" 6.604 ***

JH RE 5 7 B2 — BUA [R] P4 4 22 , T &5 4 3 35 5T 1 O
19 R RE B (] Y 4 i TR e 5 o
MAGHLHAAEENHRE L, ORETLH
fiE Ak AR B O 5 A A A R, 2 BRI 2% P 5 R IR R R
B RAE A A R, R 2 WM E A F A
HHAXMEHA ST MBS HEARRAEMOZE
HEMBIHEAYRmR, HEMEE THAREFH M
2% v B 37 A AL T B Y ST AR 1 B L N 4% 0k B W AT
Bkt T BLA 813 8 1k BF 5T H TORTORIELLO et al."' %
TEZHLIHEIRRZE R —E A RN A, KRR
BHARBES T MORH R FHFIR, ERT Al
B A T v Al P 2R L 5 A Tk 1k
0 P 32 F 1k 4 b 100 2% B B B9 S SR U T F
T2 % ol AL 0 A 3K 2 B 1l R0 2 Y 08 IR 0, X —
RBABBEIFEAHTRRE WECFESTR
GRETEEZNERIKE. QB SHIFEERMEH
1 35 35 7 F 3l 25 728 1k 45 A B BT B b B SR AE 2R
Witsh S WRAEME A& 5 MREMZES A
fiE Ak 22 (B B4 895 FF A, JBLIE T 3 7 45 H iR A 4R 5 Y
Wik Mg B R A B, CHERERBESD
T 45 g W FE HfE 3 90 4% Ak o g o6 R AT AR
FE 0 i T QUINTANE et al. ™' %t - 3h 25 45 # i ) #F WF
KR EAS SIS MG A, HA T 44
R £k B 045 4y R S5 7S 6 1) T AR R RO 3R L 22 R R
B AE , PR SS BTN T Sl B 45 1R E M % H &

RN A5 B0 A AL B R B O R PR A 45 AR
A FETHSEWRGEMLDFET, BT A
i b 2% BB 22 1 B T R AR B

BF 72 45 38 7T LA 8 8 4 ke #9025 46 AR < 32 43 3T
BB, S BR R A - DFE LA b B 8 X R BT AE S
A6 BB PRI RN, B A% G B 3 1 B B 1L E
. HTPFEGHELLRZME A L0 BER
9, Mk m & VB M DL R BB R B3 & R R
Flo AT SN Ml BRBHF L5 F 005, A0 AL
XRACHERBANER, MEP AR L LED R
H Iz A0 o0 45 15 30 1 )5 & 4l 42 4 R B IR
XA, B EA R A R4 AT,
MR MBIHESRE. QBAL L EHEN
HR 5 A E 6 iR 8% 4 & U P 5, BT AE G B 1T AR 4R
M LT R bl EBRS FEMEFERE. B THE
ARV TR IERN R ER RS, BT H
1 Aol 18 19 B () €1 3 AR s, € 3B A 1k # B8 08 W0 4% AL
BEREBATHRR, HMEABEE-NREEARE
Ak, 38N BF R B A S TR ST R AL 2 AR B B 4
EurmE A2 FEKBITEFBRXME. &
Xt R T BB 43 BB R B R b, 5 B B 4 BT R R
AL HIEBRBRBARMEATTH, REKRY K, &
R BAE G, TEHAAME., @XHS Sl
MAMBARFEHLEMXREX, @8 FREK
WE T AN R T LA B R TR E SR
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Aol 5 A SR K 3 LR OCAE, 5 07 N 3 3k
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REMALEFMART. ERENEEETFIFE
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TR A P T AW SR 3 B A LB R 4l B TR A
B BEXRAW,

AWREMFE—ERRE. OFFRRHALZHF
5| P BCUR 18] A A 2R B A AL R AR B
7% P 4L 41 1) B R 2 () 3 3K BN B 4 4L #Y I £h AR
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Network Closure, Knowledge Base and the Catalyst of Innovation :
The Moderating Effect of Dynamic Structural Holes

WEI Long, DANG Xinghua
Economics and Management School, Xi'an University of Technology, Xi'an 710054, China

Abstract ; With Chinese economic development has entered the New Normal , technological innovation network has evolved into an
innovative ecosystem with different types of innovation roles. The catalyst of innovation is the key process that relies on the di-
verse knowledge clique. However existing studies ignored not only the micro composition of knowledge base and network closure,
but also the innovation paradox between them. The research on dynamic co-evolution among knowledge base, network closure and
the catalyst of innovation is still far from expected. To uncover the catalyst of innovation mechanism in technology innovation net-
work is becoming an important unresolved theoretical problem.

From the perspective of paradox integration, this paper first analyzed not only innovation paradox of network closure between
open networks and closed networks, but also knowledge base between specialized knowledge and diverse knowledge. Then this
paper investigated the interaction effects between network closure and knowledge base. Tt also examined the moderating effect of
dynamic structural holes. Then an empirical test was conducted by social network analysis and multiple regressions model with
strong R&D cooperation intensity industry. Our study empirically analyzed the data from SDC Platinum and UPSTO with the high-
tech firms in China.

The results show that; Network closure, knowledge base and dynamic structural holes are the key conditions for the catalyst
of innovation. The open-specialized network has significant positive relationship with catalyst of innovation, meanwhile the open-
diverse network may cause information overload. The closed-diverse network has significant positive relationship with catalyst of
innovation, meanwhile the closed-specialized network may cause over-embedded. The generations of structural holes and closure
of structural holes enhance the promotion effect on open-diverse network and closed-specialized network , yet have inhibitory effect
on open-specialized network and closed-diverse network. The moderating effect of generations of structural holes can persist yet
the moderating effect of closure of structural holes will evade over time.

The above results can reveal the mechanism of innovation catalyst and the best network configuration with different situation.
This study provides practical guidance for network organizations to improve their innovation performances so as to construct inno-
vative ecosystem given the context of China.

Keywords : technology innovation network ; catalyst of innovation ; network closure ; knowledge base;dynamic structural holes
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