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LA WA A, BT 2 o RS RMFAAERVE A B,

AR, ENZEEXAGRR . AIETER . AU L R R B T IR A AT,
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FR | R HE ) WEARGIEREY; @ LUSSCEE NI, 408 1 38T [ i %0
TR BNFRHE s Q) LI E/A R R&D T RH], HEiE/R 1T 2Bk & W24 1 25 [ REE R
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SRS, RO E 1R 2% s BRI 2R R4 7 79 e RO SR PEL R B P S, R3¢
LB BRI, K BB BT T R 2 SR S AR BT W0 2818 A ) il A8 AL Y
HENT, AWt g, 5 T ERER R S RES, X AR
UV SCEFEHLHIBT TR, PRI 1 R 2 2R A ) A B A FH 3 [ 4 3l 2 i
2SS R AL Hm RS, BEE IR T H 2 i, P S 52 R 3%
W R, Ao BRI S B B LSRR USRS L RIS AR AIE SO AR, AR
PR & BA R AR T, Ao FIZH ZLR0 1 A/ AR e PR B B iy
FHEHLRAIETE, U0 Ma 5548 BRI VA BT (e A A R 285 v BRI
AR, MW e,

25 b, DIBHIHE SCRIL Ry ARG AR M 28 AT 58 i 28 T #h BR 2705 19
PRI . EINAMO ARG RIS SR Z 8 TREE ™k . R KR, Fre s R R
31, BEARERR R RR G VR ZEBEST; He T I AR 48 0T 9 I 28 #h 4 M2t K S T PE AT 2
BOAEFEELG, HEZ JR = RS VR AR 5 i, 2 A S5 44 1 25 ZUZ I B4R
EPERLHI AT SEMAT R s . D, ARSCHET 2014 4E A9 2 BRBHIHE SCE MR, T8 R
PEAZ AR RIS SCHY R RS VR ML, AL T8 SO SISV B InAS Y ) B R R A
%, RHEILMB M= MG Tk, SRR AT 5T i EEPRRHIHE SCE1EIRE,
Iass iey = CIVS EiG vk SItE el E SV RE R (T ES E24 ISR e bL (RN DS mY i G o
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2 BRI 5k

2.1 HEkIE

BERNE SOERHF A E R B ERIUE X, B 23RS ER 2R
— 2015 4F HAR B EE A & A (Nature Index 2015 Collaborations) 45, FETHE T 684
AT 2014 4F R SCEER X 43k 94 A E K W RMIHE SCAVEMZS B kit T T IRURIE B, 48
T HS SCECHE TS R [ S B 0 R BR M, A SCHE — 20 6 B VR R = 1 AR I O
(Thomson Reuters) [1) Web of Science (WOS) #.Lr& 5, LT 211 NEFK (HiH
X) v ARSI G E R SCEE s O T T IR ST, R 2014 AR IR 1Y
2037461 e SCAE M ERTE . 58, it Python 8 ICHL, e SCHE# By Mk {7 B R
FEZFRE, BBOCBE 20 EZE (8HX) RIS SCETER M, RN txt SCA
SRIG, FIHCREEIE SRS TNER (BHIX) BEVESORA BOCHME R, XL Tk
WRAE I [ (R RIS S8, HAR A ITAS RME B B B 1 CAER B0 . #55%, 7
A L, HIBREZAER (SHIX) MEEBE S 210 SCEHE, RIS I Nl sr
W kFERE GR1, (N SCRRTER15),

b, EMBRIRE, BRI (74Y) A1 RHBIX (54Y) Bk EZE kA . HEEEZE
M, EE “—ZMK”, Ligie CkFROEE . BN ARG, B2 1ERZ SR
EPR AR FE0E, WEEGSETHMESR, BAREENE, AR RS 150
Bt 15.946%, R 2P EE 2.1 45, EPRASEGINF, Ak E R R THY%
ek, Horb, BN E R E R GAE Bl fem, Bz 50%, s THAFEKCE, FE
i, RSB R, HHAESCE R AR Sk 68.26%, bRz, EES5m

(D 7 Web of Science # .OA i, JeREBRI Hoets =2 BURE . O =2, JUEIR=E; P R B K
TRERRT ] ASCPRY " 2o “ER (X)) 7.
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R1 BXERRYEHEEI5E
Tab. 1 Top 15 countries by published papers

4 5 ff{’ﬁlil%? 1@3(7{%% =] szjﬁ% Elﬁéﬂ’iﬁzi% bR A1

() Kk () Bk () Bt (5 L £81)(%)
1 B 205 575379 400184 175195 30.45
2 E 177 272116 204579 67537 24.82
3 Yok 194 140114 68117 71997 51.38
4 T [ 182 132970 65055 67915 51.08
5 H A 169 97161 70595 26566 27.34
6 e E| 190 89868 40903 48965 54.49
7 JIE YN 191 86567 44798 41769 4825
8 EAH] 181 82868 44645 38223 46.13
9 RAFNE 189 74522 38661 35861 48.12
10 VUPEF 180 71530 38330 33200 46.41
11 Epjig 170 66167 51142 15025 22.71
12 i [ 165 63831 46436 17395 27.25
13 far 2% 180 50038 21099 28939 57.83
14 CLpg 169 47940 32468 15472 3227
15 Hii+ 177 36196 11490 24706 68.26

FRIECAMELBAN T 30%~50%, WAHLX (FE. HARSEHRE) VEE3, BT
30%, EPRCRREERR, AR Pt FISCh 3.
22 ARAE

U e i 2 BREMIFE SCATEM4SER IR G= (V, E), N=|V| M55 (E Rk
HIX) 0, M=|E AR (EREWNISSCEERR) B sREGE, BHEEZRA
FFIE TS, B ERIURE D258, MBRASME = BRI RS, D
FEZIE SRR AR AT ENE, DIEREISSCAER R EE NI AGE, MEmarc
[ BHIHE SCETEMIZS
2.2.1 ML EER

(1) EE (degree centrality, Cp) $8-512719 A ELEEARTE R HAW T S A0 N, RAETY
MBI . TERWRE SCAEMS T, A E SRR SIZE AR A E R R E S

Cyli)= iau (1)

K a, FORERPHFSELBEAERE, RS VERIRAE R 1, JCIIRAE R 0.,

(2) kO (closeness centrality, Ce) 27 19 i B HAM T A 5 s e M A2 2 F
SR LA A s N8 9 B B RO, R SR T Bl . FERMIFE
SCEVEMIZS Y, 9 S B R % ] S A [ 5 2 [ RIS SCAAE I R 25 -

Ci)==1 (2)
zjzl;j#d"f
K &RV Z R A AR R NIRRT A

(3) A& (betweenness centrality, Cp) 2 1 W 45 H BT S5 JH A2 Hh 2800 1%
MBS LB TR R BRI, R S L R R . FERMIRS SCREM
rp, WEANBERIZE A A B T BRE
: L N()

&) le;k;j#f#i N, (3)
Kb N FORA Sy A Z MR AEG N0 FRT0 sy Rl Z (8] ) B AR 28
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FUR FD R i OF-S 8
(4) BREEHOME (strength centrality, Cs) 2 ITCAUREE 15 SUBEAY FARHET o 9 s vy
FARL s SO 5 B ORK AR 9 S, TERMIHE SCEMER 28 b, 4 r o B R i X
SMEHIFE AR, RIS SCA VR 1) EVRT
Cy(i)= ng, (4)

A NFRTRAT A AR SRS s w R R T R v AT R v 5 3 R R SR
222 EHAEE B TRZARISSCHF LG ARTURE, Hos BBy 20 BT
M, fFAE RS E. Pk, i =30 (negative binomial regression) J7ik#5|
AWFFE ZHERBIT I SRS SCA VR M 28 B94E FHBIL -

I, =a+ B Mass, + B,Mass, + f,Geodistance, + B,Socproximity,, +

PBsEcoproximity; + B Lanproximity, + ¢, 5)

R o BRI o WBHLIRZT; 1R M MR 2 W AR RIS SR,
SEAR SO RS 5 Massi. Mass; 735 27 B 5K 0 FEI 58 & RIS SRR, TR )
PR R E R AR AR, DA 3Rk A WOS BdE % ;. Geodistance, #2 /< ISR i
FEZ ) Z [ A BRI, 85 THA A [ 8 B AR [ Y BRI B TR A, 4R T
CEPII-GeoDist $t4i &5 Ecoproximity, J& ¥ Z8 2 5 AR TP (Y e U8 10, 4 2R 9t ][] J 1 ¢
BRATHIMCAREL 2 ZRWIAE A 1, BWH 05 Lanproximity, e ¥ 22 (8] 1 5 QBT 4 HE L) 22
e, QSR P AR ) B 5 S AR 1, I 0, %8 RO UR Tk [ CEPII-
Language %46 /% o #E2x R MEASZ I B G A/E AR Z B pat 220G 5, HUERY R/ e 14
SRR AT FEZZ WA SRR, MEARRESEE (Jaccard index) J7
Pk, HAE SOEMANES AR B SRR A S5 BRIHER I iy Ll (3
2), HItEAXT:

S (6)
C.0O+C()-1, 6
Sy sy, CsGYAMIN R i e T O BRI G 157 R P 2 2

3 IFNZEHL Sk

3.1 R
FEIZE S SCATEMZS (net) FIEZETIX CRFEIBHE) BT A VOSviewer A 1 [F

®2 TEMHIERE

Tab. 2 Variable descriptions and data sources

Socproximity,; =

I FEI 5% 1 RN 58 7 Z ) S A R Te SRR, B WOS

Mass, FEI R i SR SR, BT WOoSs

Mass, [E% ) KRS SRR, B0 TH WOS

Geodistance, 2{%\; z] jg(lflij Z IR, SR & S R Z R AR RS 2R V- [ CEPIUACHE

s - i FIE R j Z R A 2483, S T3 5K i Z R AR R AL R
ocproximity; WA -

e - FE 5 R 5% Z IR i 2 AR P, I 5K 7 () o th SUARAT R 43 I AR SRR T I G B2
COPTOTIBY g, i, A0, GES

Lanproximity, B M 5 Z [ i i 5 AR, B g (3R B e, itk V- CEPIL AU

1, &0H0,
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FREHIHE SCEERZE (B11), BIF i /NS B e SCm et i, 1 siiE gk hg
E R Z BB SCAEVERBRIE L o T S50 Aok, BN E 2 KBS SCEVER 4%
MM WK 2, FEAERE . BA, #E. B, 875, Fm SRR Ssh
X5 1 36 AL FE R EREMIHE SCREM iy, 5 EIH 97% 15 & ERHIHE SCA VR
F, B EER TP, MM, B3R, SRV AL M 4gih 2k, RE
B, TP RS AT, DA O R Y . BRI KR (K1), xR
{Nature Index 2015 Collaborations) FJFRE4518IEA—F B,

e | S8 ’

L ha
W .amé @
- T
: * 4 s
o~ > @ g
& = B T Tk FIR% EHA
- EEETEE : B Ty
B ik P MR Hiik: P
s fﬁfiﬂﬁ[ig ¥ ‘ il i
) LRI BORT .,
e ‘ Witk L s
Y = .iE P . F%E
i ok Moo R BREN e
@ L RS i : TR FEBH
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BT BRRBHIHE SCEEM LS B S F (Hs Pajek H1 VOSviewer £x 1)
Fig. 1 The topological structure of global scientific collaboration network

MGETHRAESRT , 152005 4R/ SCIZR I MZEAH L, 2014 42 2 BRBHIFE SCE AR M 2%
AT A R B PR BRI, R AR 2 S AR RS AR I
HBHERH 2, FEERFPREH % SHER, 2ERRWHE SCE 1R 2%
JE0.45, 5 EFRIREAE D 94.10, FWIREASWIZE rhas [F 8 Z A R S, SRR R
WY, BATRGRIBERME . AN, AR RO A, JCHE SR EE O P E RIS
Hohot22 Fabk, RGN KT 0.7, BFRBCV BRI 1.5, RUMECRIREE R
JER T AR A, MO (A5 R E0N 0.5498, JEJE R HCN 0.3154) MIANS
Bfis (3R3).
3.2 MRS

5 [ RENLIMZ AR L, RERPHIHE SCE VR 28 R BRI R R, BUMF
KA K, KB MR/ MR . Z M2 PR R R EON 0.73, KT RISF MUY B
BLRZE (Con= 0.44), RIHESRIVERME, BEREFIHESCAELEIEE KR N
F, HAPEAN H—m MKAZUHE. TRFRESRRKE N 1.56, BEARTRSFH
BERBEHLIZ (L=~ 1.78), BMA E RIS SCE R R B%, FA B R 408 1k
PEo BRIz A, RBRE 0 A ok ORI B4R 18 B A HE (y = 1.9406e "™, R =
0.7853), HAHEIEAEKF- Leydesdorff™ 5E T SCUEHE 4 14 K PrBHIFE SCE 1R M 45
1l Haunschild 555 T SCHRAE FRAKMF Mendeley (19 E2# (i FHI 4, B8 ARk RE N & 1E
P2 HAT 2 A/ MR (363)
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®3 ERBFL X SERZ B FITHFE
Tab. 3 Statistical characteristics of global scientific collaboration network
UL /M S JE L Ao E RO
EfzE RED-SNNE VI SN R O S Of S Bjg AR M R e LR

woom o w o omk wRm U zm o 2m RN RN RN RN
21ng(2014) 211 9928 0.45 3 1.56 0.73 94.10 0.32 0.55 0.71 1.85 0.83 2.63
SCI(2005)" 194 9400 0.25 3 1.80 0.79 48.60
Mendeley(ZOlZ)”“ 178 6774 043 3 1.58 - 76.02

3.3 ELHERE

HL SR B S U AL R EE BB bR , RERPHIFIE SCAVE M 2% 1 B e 34
70.53, FEEE LK 0.64, FHTREAS 48 HAT H AT B A0 1) AN Y Nl ey kA
R, fAE Chuo—SME” S5,

K FH Pajek HAR Y 43 M v 1 J2 IR 2887 (hierarchical clustering) , K4 & H0 P
8, FBUZRHSCME, TR XS0, K eRBHE SR VEM 454 40 S A5 (5%
4), B2 EH, LTRIFEEMERN TG, 32EESRE KRR SO HE,
WA 2RISR, ERG RS SCR RBCEN R —, TR O bs B HEE B
7, AR AT, AT RERAR M & F I Ty, PHER 7 B (Jek%
2 WRE L BRA . EEL s, g, PR . JUSEAME R KX 4 [ (
B HAS, s RARAE), M EEREHIFES SCAVE ML RIS BN, MR 45T by
KEY, WEYEFARLL, BHHESCEIECR Y], ML, 56 =)2% M 391
ERS X, ffEmdE . EHH ., Bvgs . S&puar, o, P H. UEs, BE
o AT R T AE XSRS SO th R E R 3R XKIRRHE GF oL (AN v AR
AE), HKHEIRY E TR EE, MHEZ A ERENR G ERR . HET . e .
W R BIRAABCA K E . BRI, GRS 40 1 SR R IR, A
M, M2 RS SCAERREAR S, (AR B rh oM E M i e 1
W5 - 2ME . B E BIATHG 113 B Rl X 4 s f)2 9%, EZoR AR . KRS
B, PHEDEEMIX . PEE . ZREENRAEHIX . X 86 [ K o 45 kKK, sE £
I NEAEEER, sSRMBIZEGA TR, Bl & RE S, e 2R A1E
P £ 42 B B IS o

M Pajek A= BSR4 X SC1F LA 2D A 24 i ) VOSviewer, B AV 1R BE 2 2 1Y = (KI5
B, PAREEPHE SCATEMS I EHRZREME (F2), B2 97 SR/ NG00 A
SRR, R/ NSISSCATER R IEASC, M2 T DUR IR, SERBHIFE SCA1E M 4%
CARFILMMAI “Bot—ih%” F9it=0O88, TR IO g .
Wk = KREZRER, K, BOERERBE S JZRAm, LBAMER, 24

F4 SIRBFLE X SERBHERR R ERFFE
Tab. 4 Statistical characteristics on the hierarchical structure of global scientific collaboration network

FY TR CFEETLE PR OE P BeOE SRR L I

E—IR 1 205 0.977 0.040 286062 1
)R 12 179.41 0.875 0.015 90281.66 1
RN 39 148.41 0.775 0.005 22226.28 1
EI=E 46 117.46 0.697 0.002 3289.13 0.76
ERNEES 113 55.81 0.579 0.001 268.22 0.13

AW 211 94.10 0.660 0.003 11459.13 0.45
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Fig. 2 The hierarchical structure of global scientific collaboration network

BRBMIFE SCAVER 45 1 hub 15 S FIARAL, DL bR 2 [ RHIFS SCA1E N 320 B0 T PHRR
(Jefg s v, BAM ., fEE . w22, b WIS . db3E (EEAINELR) Mk
(P, BAS, ghE ., RRANE) =KX, WEZRPAEERREE . BER (NE5E
JU) . R (RORERRME R 32291), JEAGE S E ML, & AMEIRER” FRIF 5,
=M 2 e G R R R, S AESR, B XIRMIEG SCEVE R i 5]
Fr, LU RJZE RIS SCAREN £ 5 Pl iy R N R E% (MBHEN
0.9165), BEZRGREE LS (B KEERIEN2470); SEOEZEZEINEVERREERZ H
SRR, AN EEZ M MR, EHZEH (FR1B3MEF) Al
MR FER, WAERERBHE SCATEMZ %, PrsitE A, sk e R H0E
D (RN 0.13) HarBEIER AL (RRBKRECH 27) (£4).

4 =3 [V ZEAL 5 ok

4.1 MEEER: UL AREE

PEWUR SCEAMET 1000 55 1975 i, AYEEAMKT S00 93, 2] 4 ak 22 E 5P
WICATEMZEE (K3), W50, AR E RS SO 5A B 19 23 [0 A 1 iy
P, BN, AR . e S VY ENEETERE D . DU EERE S SR D R B B T K
IR DR B A BREMIF IS SO R A X, BRI . JESEU . SV A Hl X R 1% s )
MK, BONRHRE SO S E X, EAEEME2MPIIEE (EESmMER) . Bk
WOARW (FPEL BAS, #E) R AR AERMIF e E X R TS A DU A,
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AR E R

e 105~131 -
@ 131~162 iy Rt ()
@ 162205 mm 1-1000

i B 1000~5000
iﬁtg‘g(ffo)o = 5000~10000

=1 10000~50000
== 5000~10000 gy 50000~100000
@10000~32291 B 100000~575379

K3 pkE B EERWHE SCE R4 A

Fig. 3 Spatial distribution of global scientific collaboration network

A SN AR P SR AR X, i IR — A RIS %O O . R ITRMIF IS S
GEM LI 52 B WS A b BEEE B 2 o, =B A AR A& A A 1 SE AR I e A% 01 0
ZIEE e W E e SCAR R R B, XTAMRR IR FNIE 36 R 32, SAg >
R BEARH ., R PEHES ARG LR RN X MG AR R R O A, EE . InE
RN E& P RAA B AL S PNEMIF SV E 4 RO B2 5, ERER R LIS R A S Ko 3, XFsh
RN R A%, 5WRHIX (FZRHE ., KRR AHEA) RREERK, M
HWARHIX 235 RS, . SR H AR FRRICHR]E B e BREWRE SCA TR B S
5%, SAUPESRAFW ., BA ., #5§EREPHKR T, XM RN & IR T
KRAIL9E
4.2 B KOEUNER

AR |, JCIESE Moran's THE%L (0.1581), i£/2 Gini REFIA R R CV (£3), F
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Fig. 4 Global spatial distribution spatial distribution of nodal degree centrality
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Fig. 5 Global spatial distribution spatial distribution of nodal betweenness centrality
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Tab. 5 Estimation results of the negative binomial spatial interaction models

T 1 LT 2 RT3 F5i7L 4
EZ 1 &30 0.0304™ 0.0168™ 0.0168™ 0.0172"™
(0.0010) (0.0005) (0.0005) (0.0005)
FE% 2 K30 0.0129™ 0.0072" 0.0072" 0.0071"™
(0.0010) (0.0003) (0.0003) (0.0003)
HhFRA M -0.0934"" -0.0195™ -0.0198™ -0.0231""
(0.0050) (0.0031) (0.0030) (0.0030)
AR Slids - 0.4950™ 0.4843™ 0.4777"
0.0114) (0.0118) 0.0117)
ZEUFABITIE - - 0.1934™ 0.1637™
(0.0304) (0.0301)
HFEAR - - - -0.6055"
- - - (0.0437)
HA 3.5188"™ 17361 1.6978™ 1.8197"
(0.0483) (0.0373) (0.0371) (0.0383)
HEA R 9315 9315 9315 9315
Alpha 2.4574 1.4363 1.4307 1.3952
Wald chi2 1549.80 3630.23 3928.45 4241.28
Prob > chi2 0.0000 0.0000 0.0000 0.0000
Log pseudolikelihood -41131.909 -37827.278 -37804.322 -37667.596

H: 7 p<0.10; 7 p<0.05; 7 p<0.01,
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Structural heterogeneity and proximity mechanism of global
scientific collaboration network based on co-authored papers

LIU Chengliang"’, GUI Qinchang', DUAN Dezhong"’, YIN Meiyuan'
(1. School of Urban and Regional Science, East China Normal University, Shanghai 200241, China;
2. Insititute for Innovation and Strategic Studies, East China Normal University, Shanghai 20062, China)

Abstract: Despite increasing importance of academic papers in global knowledge flows, the
structural disparities and proximity mechanism related to international scientific collaboration
network attracted little attention. To fill this gap, based on data mining from Thomson Reuters'
Web of Science database in 2014, its heterogeneities in topology and space were portrayed
using visualizing tools such as Pajek, Gephi, VOSviewer, and ArcGIS. Topologically, 211
countries and 9928 ties are involved in global scientific collaboration network, but the
international network of co-authored relations is mono- centricand dominated by the United
States. It exhibits some features of a "small- world" network with the smaller average path
length of 1.56 and the extremely large cluster coefficient of 0.73 compared to its counterpart, as
well as the better- fitting exponential distribution accumulative nodal degree. In addition, the
entire network presents a core-periphery structure with hierarchies, which is composed of 13
core countries and the periphery of 198 countries. Spatially, densely-tied and high-output areas
are mainly distributed in four regions: West Europe, North America, East Asia and Australia.
Moreover, the spatial heterogeneity is also observed in the distributions of three centralities.
Amongst these, the countries with greater strength centrality are mainly concentrated in North
America (i.e. the US and Canada), Western Europe (i.e. the UK, France, Germany, Italy and
Spain), and China, noticeably in the US, which forms the polarizing pattern with one
superpower of the US and great powers such as China and the UK. Similarly, the big three
regions consisting of West Europe, North America and Asian- Pacific region have the peak
betweenness centrality as well. Slightly different from the two above, the distribution of nodal
degree centrality is uneven in the world, although regional agglomeration of high- degree
countries is still observed. Last but not least, the proximity factors of its structural inequalities
were also verified by correlational analysis, negative binomial regression approach and gravity
model of STATA. The findings further confirm that geographical distance has weakened cross-
country scientific collaboration. Meanwhile, socio-economic proximity has a positive impact
on cross-country scientific collaboration, while language proximity plays a negative role.
Keywords: scientific collaboration network; structural heterogeneity; complex network



