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Abstract

Purpose — The existing marketing studies using Social Network Analysis have assumed that network structure variables are
time-invariant. However, a node’s network position can fluctuate considerably over time and the node’s network structure can
be changed dynamically. Hence, if such a dynamic structural network characteristics are not specified for virtual goods
purchase model, estimated parameters can be biased. In this paper, by comparing a time-invariant network structure
specification model(base model) and time-varying network specification model(proposed model), the authors intend to prove
whether the proposed model is superior to the base model. In addition, the authors also intend to investigate whether
coefficients of network structure variables are random over time.

Research design, data, and methodology — The data of this study are obtained from a Korean social network provider. The
authors construct a monthly panel data by calculating the raw data. To fit the panel data, the authors derive random effects
panel tobit model and multi-level mixed effects model.

Results — First, the proposed model is better than that of the base model in terms of performance. Second, except for
constraint, multi-level mixed effects models with random coefficient of every network structure variable(in-degree, out-degree,
in-closeness centrality, out-closeness centrality, clustering coefficient) perform better than not random coefficient specification
model.

Conclusion — The size and importance of virtual goods market has been dramatically increasing. Notwithstanding such a
strategic importance of virtual goods, there is little research on social influential factors which impact the intention of virtual
good purchase. Even studies which investigated social influence factors have assumed that social network structure variables
are time-invariant. However, the authors show that network structure variables are time-variant and coefficients of network
structure variables are random over time. Thus, virtual goods purchase model with dynamic network structure variables
performs better than that with static network structure model. Hence, if marketing practitioners intend to use social influences
to sell virtual goods in social media, they had better consider time-varying social influences of network members. In addition,
this study can be also differentiated from other related researches using survey data in that this study deals with actual field
data.

Keywords: Virtual Good Purchase, Social Media, Time-varying Network Structure Variables, Random Effects Panel Tobit
Model, Social Network Analysis.
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b 2248 S5t QUL A|ZEAF 7|29l Statistal| 2017
BOMo| mEM TMA 40|00 AREAE 20114 12
o oz 109 g SLBIRn, 20180 269
, 2021H0]= 309 Ho| AIBXIE =L R OdEn
S AOIEE AR SO{QP AHD0[C|O AL = 7L
4xt MYSHES o|lE CHYS 7|18 2N S0 U0 Jha
2t Ao 253 HX|1 UCh HESAMHTZ RO 2017
128 M0 oSt M HA JHaTisiel AIY RRE
201449 1 1,570 22 1X HYE NHSo=2 Sni5igie
M, 2018 <QF 1k 8% =r3q, 2021 2 2X 4,0509 e
B} 2 Ho2 HMYE|T lof ojd 10% Oy HFstD 9
1, E1F 56 ALO|O] AJE HEIF F Hf Ol BItSH A2
LIEFSCY.

2 mo|Asat 22 ~H0[CIodoM 2212 AY s2
o CIX|E Oofo|"-ut 22 ket Mzte| Eof7t 5535t A
Ch ARIEE2 8, 28 81t 22 8dE S22 7tatatm, off
Ef, 7H2lH, O|ZE|E, HiZZY & CtYT 7Hd X=E Foi
st QUCE A4 JHMo| 8't2 &8t 7HA| HEE ifE=
AX AT AITHO THe MHele CIX|E 4F AHHZAMQ 7t
Kok otL|2t @z=Eel AMQL AL At 7HKE HE
St Ak oE S0, 717tRe| O|2E[Z0| S0{zt AROILt
TR 82 o221 H4ES 2 FHOM OEX A =

A2 Ol 7te| CIX|Y ofo|dE ddol HEMN HE
S| AtH2t & = UCH

CESH 22 7HA M3 AFE2 THy Oo|EE AlY EOXIE
OllA ®o{Sted= AR AFRRIEO| 2o F=E[2 QUCE MEkA
7t ORO||! THOf= A AMZEA X AEHERI MH|A 7|
AHEOAH E= H=LA REO| £|20 JUCHHamari & Keronen,
2016; Hamari et al., 2017; Kim, Gupta, & Koh, 2011;
Lehdonvirta, 2009; Mantymaki & Salo, 2013; Nieborg, 2015).
7tet OROI” A|F ZHX|= 20120 1509 E{0f EHSHRAC
(Wohn, 2014). IDG AMEIS| 2017 XIZ20| QO5IH A At
oilMel ofo|’ ZHzf= 2017 2 J|FE 8009 | 0|0
Ot AHHEQIIMH|A0M ARIES XIS 2HSE L2
22X, XAl A™EE 7H Mtz 0|1 JCKKImM, Chan, &
Kankanhalli, 2012). 22QI0IlM AtRE2 Xb7| RS BEES
SZMN EfRINO| HZAE U A F, Lot LYot FE
2o ™IASIOXt SICHKIm et al, 2011; Schwammlein &
Wodzicki, 2012). 7} ORO|E THO= 1 ARM|ZA 7[R Oj
E2 =0F7|= KT AHBXEE Ad0|C(ofLt 22421 A
A S0 RUEE HEA =N 40|00 FAUYH
ol =9 o] 7HEMezE 7|0 4 UCt

Jefit CX|E ofol’| Mol 5240| XFHezE HX|1
US| 275t ~40|T|oft 22 20N 7He THSt
o Fof Fg Q0l0 Cieh A= MTHEZ HAME|0] RAL|
CHoh, A~H0|C(0f AFEAEL| CIX|E ofo|™ FOf o|=0f FTt
2 Fe dlgld 20lo et AFIF A0 AN LR
&g HO|CKKim et al., 2011; Kim et al., 2012; Koh & Kim,
2003). matM XAtz AE0|CI0{0|Me CIX|E Ofo|™ LHd
o Z2dE QX|5t2, CIX|E Ofo|" Foi o|=7} OfH AX|
CIX[E ofo|® Fofof O|X|= ¥ KQele HF A& (empirical
data) &S &% AT7I ERSICID 2of 2 ¢FE At
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Kim et al.(2011)& AMO|C|I0| AFRXIO| AlZ|™ Hgkadnt
&2 Jfelel AtR|™ ZHX[= CIX|E ofo|d FOf Q=5 AT
o E 5 Us FR B SIRACE HNE Wls T XY
@t 0§ GIO|EQt Xl == Xlo| HhF diz St 20| AH
OIC|O] AFEALES| Ate|H FEHES LIEH F= ARIE #
o HAE AT P& Aol EXMSHA| A/UCE 2o AT
o Bxl= 3A £ 7tX| X0 7|elst=0|, HlolE =52 of
Han 249 ofz2ig MEOo|Ch AMO|C|of AF8AIES| UiE
ARE 7|7t ojF1, £9 OS2 AMRA It oHEl
AHM0[CI0] AFBXIE 2te] HAE LIEHH= X2 gA| 2FHA
o= 2SsH7| ofF@Y| UWf2O0|Ct ED HIO|EHE 2SSt of
L AMYEQ3EXM(Social Network Analysis, 0|3} SNA)S
2-got ~40|CI0] FXNEQ| AfelH FEHE 202 ALstn
O|& H==alstz ZYU2 AT A2t HES Qot= 20|
7| WEo A5 AFIF ORet o2 mesia Ch 2 de
Jefst CIX|E Ofo|’ Atel ZR/dur Aol ojxige| 752
H<7| s A5 XARE 255ty ATFE TSt At siCh

240|CIoo M= HET = Bt ARl JEHZ
LIEILH, HEQT X H=7h 4FE 0L 34 A8 &
b 22 AH[X QA A0 Ea%t @Y Q0e2 Ao
2 AE0|C|ofofl M HehEl= ZHe TH3E FOHol AtRlE R
o ol =9 WU 2 0|0, SNAE Z8310] JHd X
3t FOjo| e F= MRIE Q&2 Hole A 9Al =0
B2 A7 FH7t E Ao|ct

J2{L} SNAE 83t Ctol 7|E AF0|ME A40|C|of
|Xe| ME|H ZHKE LIEHE HEYT 7= B==It AlZto|
mEh #SHR| §fn X|&KECHE 7HY Sto| ARlE 7HX7F /&7
B H|C| ZHZE AH 24, 22121 AE0{Q| =9 F0j OJX|
= g2 ALK Goldenberg et al.,, 2009; Hinz et al.,
2011; Katona, Zubcsek, & Sarvary, 2011; Stephen & Toubia,
2010; Watts & Dodds, 2007). Ht™H, Braha and Bar-Yam
(2006)2 A-H0|C|0] ALEXIS| HERIR FXR& AlZHO| mat
X&EHoE Heills A2 AE5H2E NAGIZCn 1z
AlZHol 2 B3lE 2o BtHSHX| YUS 2R HETEH
(biased) 2~ FHET = UCH= S XIHSHRACL MEHA,
2 330 Me= Braha and Bar-Yam(2006)0| X|Mst EMHES
grgstn O2gt ZME SiASts| | EF AEQl thH
(Cross-sectional) AtZ7} OFH HEQIT X0 28 A|A|
g X2E ALt miE OIOIHE TdSHRACE D AlZH0
It ®Mal(variation)E ZFO| PtESHY CO|EAIZ TMSHA
Ct. +M8= HO|HE =83}0], Braha and Bar-Yam(2006)0|
ol SHQ HERR = H AL 7t Mot FO0f =2
Yol BN HERIZA +A2E MYt ZYELCH J1p7t 250t
£ 2 AT E Sl S|kt sick

2. Maoiq
21. 7t M3t F0f = 7|(purchase motives)

Sweeney and Soutar(2001)= 10724 J0f #=O| 5%t 2
oloz 1 JHX|E HA|SHSLCHBabin, Darden, & Griffin,
1994; Dodds, Monroe, & Grewal, 1991; Kim, Chan, & Gupta,
2007; Sheth, Newman, & Gross, 1991; Zeithaml, 1988). 112
7z 7188, d8A, AM2H THKZE FEED, O oM AL
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2|8 ZtK|l= AH|XE ZpAQl AB|HE AHEE RX[SHALE ZElSt
He QIX|E =282 LIEMHDE A& ZEX|ol= XI7| O|O|X] &
o1(Self-image Expression)1f 2t7| X|2!(Relationship Support)
O|2t= & E809| 7HX|7} QICHKIm et al., 2011).

AH|Xb= XHO| JSHALE CHE ARIE0A 2AX7|E &
St 252 LIEHHY| 98 482 FO0istn AH[SH|= Sk
Goffman(1959)1t Leary(1995)= X}7|&31 O|=(Self Expression
Theory)O|, AFZE0| EIQIS0|A M0 EOIX| Xt SH= B&
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th= Sl O|FOfTICKSchau & Gilly, 2003). AtEHS2 &8
Ol EZtHel xt7|meig [ A40|C|0{0)A OfHIE}, S,

X
O|EE|Z St Z2 CIX[Z Ofo|Es &5 4 ULk H2tM
Z0jcjof g@=2| CXE Oofol" Foj= FeRS2 22
ol Xp7| & g7t = §elol & 5 RACh
AtSIH 2 X2 MRS AO[oM BAE Eg5tn /A
tH 2kt ol =80| &= QX|E 58S LIEfHCE 71l
2~d0|CI0E S #8H XY, =M1 S&aS Fog
= ULt Walker(2000)= £20|C|0] FdRS0| Y| 2
FAIBH| floh Atilel A40|CI0] AFS RECIL FY
Ch. A~40|C|0] FYYSS 20t B2 F7et HEAHS &
O| 1A} o0, 59f, OfHiEf, O|RE|Z S22 & ChY
OOz XtHlo| AZE FEH2=M d=1te| 24
SFStNX; oict J2iA 7h OfO|"E2 Ate|H EAE o
Yo7l o 288 + A2l 24000 TFERSE
2%t BaE F2|7] QI8 7+ otoldE FoiE S717t
! o\t ETvF BEaE 4400 Y32 20|
SOIM KHAIel XIRIE RXIBHZ| fI8H AHAlo| BAE FXISH
Yepstuxt g ZAo|ct.
8719 =M, At=lH ZHXIE RAISHAL ZeistaXt ot
FYO| 2H|RtQ| 7tk Of0|E O WES2=2 O|BL= A
2 TEME + ALk ZHE Kim et al.(2011)2 7Hy TsH 7
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22. SNAS Z8 OpE 97

2Z0|CI PRl CHYSt ARlH 7HKE Btdsh= &4
HE/{Z Fx= H4It EXTL) st Hpols GEEE
(degree), 2 Z+ld(closeness centrality), |24 (constraint),
& A ==(clustering coefficient) S0| RUCt. GE =H, HESL
3 PAeol 52 ABYEE 2MYEYINOIM XHAIo| O
20| Cfe =2 ¥FRI0| USS LIEHACE SNAQF ZHEE Of

= ln]

AEY Aol FE BME SEUHEHIYAM &2 AH

=7H& 2Oot=E= ZAO|Ct.
= A= A, O, Melet S Crefet ZOto|A SNAS
Hge a7 2U=S2RH 0|2 HidE F1 ULk 2=
S2EHEQTYOM SSE A= FYHUS LoD HE/S
T Biet Jhd Mot FOHZSl O¥ElE EAE LEIY
fe oAt THE A ZOfofM =2 AHE HEQS +
= HE L3t 20| 25HRACt

A

2.2.1. HAX = (Degree)

QZEEE AEHESAYM =27 HOfL) B2 BAE
S JUEIHE LIEHHE AZM  2(number)O|CHWasserman
& Faust, 1994). AAHEJIT} 4FGO| UCHH, ABZE=
Lgkin) 9! QfSHou) IFPEE FRE £ Lk AoizY

=M AHM CHE tEE80 HZE Fe/ EN O 22 &
EE “s{E(hub)’2t i} OfE S0, ZEHIF B2 oe
SEAL IRIEQHZQt S AH0|C|ofoMel SEatn &
= QlCt SEE= AEUETQF #HAE Ciot st FAH0A
Z g 22 A7 =X O E A7 2oME TS
f 20| =0 2E 7S]

Watts and Dodds(2007)= ™ME ZHAMO|A 3E9| datg A
TOIYUCE 52 X7(9| e FE 2HtE fIsiM= siEel
SECH 27| Y2 -8RIt A 2K criical mass)0f| ZOHL}| i
2| EESI=Li7t O ZQ5ICtn S1QICE HHH Goldenberg et
al.(2009)= B{E7I HEQ| 2t U 80| E23 dgg ot
Cl= A2 A3%oR HQCh 52 28 &t (201 F

sk2 O)X|= & Al 5|E(innovative hub)ot A|& 37(0| ¥ste
F = Th29| & E(follower hub)Z L}=RACE.

Stephen and Toubia(2010)= 222! HZE0| AMFHHA
EENM YEE HESRZR #x71 2240 TfXEe| =
gof of Fek2 O|X|=7IE HTstQich A8HHA SSE
OM= 70 ExIt ChE FZe HAL0 AHOst HERXIE
&5t QICE Stephen and Toubia(2010)= 2242 MZE
to] HERIRE "WdA7|l= A0l BEE =AUt =2 33
MOl AZEAZE JUCHE M HRCE 152 L3 HERKA
T B oM LY AZMH2 22t0l HEZo| Ao |2

Ost 388 d3E O[X|X|2t e HZEMol 42 25|8 =
Qo REMoR |foot E¥E O|XICt= A2 EQCL
Katona, Zubcsek, and Sarvary(2011)= AZ0|Lt HEE =
8¢ 50| CHE =R X|T SEE O|RCE F1
£ ol Z2 MEolL} He +8 HBO| Wi US M3
Hoz YHCh 3 XTI} BCie He %o HEE oz 4
AOM AHIo] MER HE =80 SEXQ Jd72 FX|T

O|R0| #£& = A= oHX|I7t 2tg 24=7| H=20 1 O]
x| & +80& FEH At Atts o[k 2y
M OS2 LE Ao HERI dARE OfL|2} ofRe| Ul
Ef3 gk 2 1n2f5ts A0| SadIL= HE B,
JZ0] as9| A7t 7|E AFete| AHEFO|CY.

2.2.2. 28Z4d(Closeness Centrality)
o

AMYEYD EMoM 2FFMME B¢ ditte] oo
Cj2 =CS 7o) 2FAS ZHS 4 9t "2 (closeness)’
2 o 7Ho) AT A2IS LIERRDY AH2let uhlFsict 2
HEAMMe 2MUEYIONN BjLte| LET} C}2 LEST



88 Hee-Tae Lee, Jungho Bae / Journal of Distribution Science 17-3 (2019) 85-95

AdotL} 77k 7Hof| 2HA0| QCHWasserman & Faust, 1994).
TS0 =hh= A2 StHe| =E7F FL[0] U= HE
LESI AHE|7F 7HACHE AE QU|gtd, WE K2 S0}
HRUAOMEY = UCk= AS LIEHDE Hekdo| = HE

s

30| ZS UMY A LI oY 2ISHES 4
A % Qck

2HE0lets FHOM SHO U= =E= HHE ARSI
YE 252 B0 28Xoz & £ en 12t O|]E ¢
= 481 22 02 ARES W0 IS = 4+ A
(Beauchamp, 1965). Stephen and Toubia(2010)= Lig 2™
Sodo| 222 A9l o AR daEAI AL=

AZ SRl

2.2.3. =& ZHi(Structural Hole)

=79l H=(degree of brokerage)2} &HIL|0| = 7HEH0|
TRE ZHHO|CL Burt(1992, 2004)= “FXX ZEI"S =23}
o AEHEQINM BIHARt 2 dgE Fo|StUCt Burt
(1992, 2004)= StLIQ| =EJt AHHEYIA0N Xl B2,
LELF OF 70| @0l AP, 1 =E7F S E Tk
Ho| EChD MYSIGCE Q= BRI XKD Ys BHE
“PEY Zurolatn MESCh BE “ofst grjol &
(Burt, 1992; Granovetter, 1973)1t UXSIA 2tH=l J§H0|LCt.
SR ofst ROE AHZSH0, HARE Alg| XhE(bridging
social capital)S BtE1 ZASIA|Z = QIC} Granovetter(1973,
1983)= AHHEYJI0M S/HA7 HE {80 523t A
2 oifhe FE ZXSIRUCE 19| Ao MEH, S/hXt= ot
£ MEE MO|9] AHZE &0 FEE [Ofoict. 2|1 d+=
SHRZ MELEME 583 FHOl AXSE ZFoICtn
FYSIUCE

A2EHEQTAQ} BAHE X2 Ao EH, S HE
30N F 7K 2% I ook HWW, B MELR
BEE MY, O7h A 2 At Lo w2t XHie|
HES BHSIA|Z %= QICL Valente and Fujimoto(2010)= =2
Addo| U= SlEHE EQ e /XIS sl HalE &
Ol=0l= A2 AHESIH HXf HEE |X[StH = dEo| U
H(Becker, 1970; Cancian, 1979), S7|XI= =HH3}0f| 7{Et~0|H
CHE AIRESOA &4 4592 7Isd0| &Lt dHSIRUCE

Z7H0ll it @0 =QI2RH 2| L7t FEX JHof |
Kloj e = ME2 FYEE WoLS0|1 AHe| WSS Mo}
A7 d80| H& 4 Aol2ts A2 T2 2 = UCL

2.24. &% A=(Clustering Coefficient)
x

THATE EE7F HoIM o= AAL0 U= HEE LIE
Hoh HERI oM AEUTE =ZO2tL THKWatts &
Strogatz, 1998). #HE7l =2 HERA= YRAMz 4
A 2ol AZH IS, 2 eb= AHO|7F FEE= HRLIE
O|CKGirvan & Newman, 2002). 1t7{ WZ OR23af 20| O+
M= WFIE BRI 2Ret= FHO| Ao gl= T
THE7} Atk A 2EHESRA FE-UE0| THE F
GROA OXl= Fge F= ghdar #3E0] UCE HEYA
H2f O|Z2(Network Closure Theory) (Burt, 2004; Coleman,
1988)0] 2H £ AtZh(alt b)o| LTt ME(0)2 €1 US
M, 2 =(@et b)o] Mz X|Qlo] otd WHELC} X[l B 1
AtE)oll Thsll o 2 FEHS dAr £ ULk oE 50, &

o T

HIXEH ApAlO £ X|QI0] ROfS I SUS AE T0fE 3
BSICIR, & X/010] A2 KR U 42 70§ oA ZHO|A
CIS 20| ¥E2 w2 otk 13 08, MBS Topu
A7S Zto| A ZEo B AHXISO| Tojo) FES O
4 ol M2 FHel B 2+ o0 Jh Hfsk AIROME
S =218 M £ & U oIk

2.3. SNAS 8% OIS oMol 2 2 Ol

AHHEQTR 2HHE O E ATE F=3sH7| 2lof, oA
El AFXEE AlEH0|M(Choi, Kim, & Lee, 2008; Watts &
Dodds, 2007)ut AlZSX HfHH(Goldenberg et al., 2009;
lyengar, Van den Bulte, & Valente, 2011; Katona, Zubcsek,
& Sarvary, 2011; Trusov, Bodapati, & Bucklin, 2010) Su} Z
2 WHES &8¢ ATt 7|1E AFM= =9 ARE K
SHEZ LE = HESRA 728 HE 71 A29 128
X2 BALE FIF BAQIZL ofHIte| OB E HHE= Ol
H=E 28ol Alzto| M2t YELFL| #+x2H X7t 2HO0|
7L} AEO| Q= ZHez HEYCt 2L} Braha and
Bar-Yam(2006)0| X|&ot HIQl 20|, HERI F+= Hps Al
Z2tof 2t H3lstCHBraha & Bar-Yam(2006)9| Figure 2 %t
X). Table 12 A[ZH0| 2} H2tSHX| REeE HHE HEYI
T HE A0 FEQ 2ya S50 ZEE 8% 2
T E HWSI EOFD UL, 7[FE HF0ME F2 TH
AR 22 FH FXo| HEYA HOHE EESt UCH
(Katona, Zubcsek, & Sarvary, 2011; Yoganarasimhan, 2012).

2 dFoMe 7|1E dFets el Al mek Bslshe
HE®S3I 7= B 2@E 4SRN, 29 FHo| 283t
UL} st HEYA Fx= BTt A[ZH| M2} HalsHR| s
Cte d8™E o 7|E 79 BHE 7|2 BEeR T 24
7b Metst mgnt 7|E Ao HEst 7|2 2y Zhof| got
HRE dt= 20| 2 AT o =Fo|Ct

Table 1: Models of the Previous and Current Research.

Time-varying
(TV) or
Time-invariant
(TI) Network
Structure
Variables

Paper Model

Watts & Dodds (2007) Simulation

Katona, Zubcsek, &

Sarvary (2011) Complementary Log-Log

Random Coefficient Model

Hinz et al. (2011)
Lee & Kim (2013) | Complemeniay Log Log,

Goldenberg et al. (2009) | Agent-Based Model, OLS

Stephen & Toubia (2010) Tobit Tl

lyengar, Van den Bulte,

& Valente (2011) Discrete-Time Hazard

Qestreicher-Singer &

Sundararajan (2012a) oLs

Qestreicher-Singer &

Sundararajan (2012b) oLs

Yoganarasimhan (2012) | Dynamic Panel Model

. Random Effects Panel
This Paper Tobit Model v
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3. g7y
31. 2 g

2 70| ARE PHe 2l 2T oY IS Y
THE GO[EMON B4 B0l TORZ lofEjel Atgte
Jh BEER| %, = 09| g2 ZH A% H(eft censored)
o 5 AfEfo|CE. maty Jafel AEe 13 pHS £ 2
dg =Hsfob sh=r olo| Mt 2%o| Hp2 Random
Effects Panel Tobit(REPT) 2 & O0|CHHsiao, 2014). £ 10|
M Sele chemt Zo| BEg SSIALL.

Yixr = ﬁ0+NS¢,t * ﬁ1+Xm s Byt W, - B3 tu; ey, (1

i=12.3,...N t=123,.,7T

u; ~ N(0,02) if u, is random effect
€y ~ N0, J?)

= ?Ij,r,v y;t >0

o, i, <0

i S AlZtof| et Halst=
HIEQR F= B HEHO|H 0] 20| 7|& AF0AMe &2
o 2FEae| AHEFOIRE X = Ofo|™ AEQ WE Sl Xf
Mo AMOjTiof AH WE Z4ot 20| AlZH| Wt W}
= Mods B MEHE LEEH W= dY8 S3t 20| Al
2ol map HekekR| gi= HQl BiE LIEMHCE u, = Y2
2ot E= 0 200 mEF JHelE ojEd RE YotE =+
Q= AR H==(latent variable)O|l Qo] Zt7F {O|8HA U2
ZS ¥R 2E@, ~ M0,0*))8 MaL. 5,2 BHS L

e 240|0, 8, ~ 5, HA| FHHoF 2 24 HEo|C)
32 EQA Fx H2 AHAt

2 dF0ME HEYA #x BE Ct30t 20| AHLSH
Ct. O|™ ¢4l(Katona, Zubcsek, & Sarvary, 2011; Stephen &
Toubia, 2010; Yoganarasimhan, 2012)2} =2| HEQA X
HEE A[ZHO)| et Holshe Je 2 AR ES HRL
AolM HEQI= 715 HEHIAS 448 #=th & o
LEJOE LESS YESPL HES Be eIt HE
Y3 B A Lo BHEE[0] AT ETH HRLAOME HESS
etds At & WES Ye Wein), YES ot 2
(out)0| Zio|Ct d2fM & AFOM CHE= HEYIE=
g0l U= IHE HEYAE 2ESICt

OZ 00 r|r

3.2.1. AZA™ = (Degree)

tE U F2 geot o A F== O (2, Gt

N
wind;; = ZRij.t Cf‘j,t 2
j=1
N
woutd; , = ERji,t Ciit ©)

wind; 2t woutd, , = == i9| t7| L A HEot o
AE Z=O|H, B,= V|0 =& J2RH L K| AL
Bl=g LIEID, R, & 7|0 == i2RE L& K] 2
o Bl=& UEHC}. O = |0 == iZRH LE K| A
ZE 32 1 JX @2 3% 00|y, ()= & 2R
LE X AZE 3%, 1 AKX @2 B2 00|tk

=

3.2.2. H|2f4(constraint)

et B2 o HE oS slevtE ZHSE A
Tt PXE 2w o|2at BO| YCHBu, 1992). TXH 2
e XHMom ZMsle MEL 2loLf, "HoHd(constraint)’
olate Mzof ofsf zHEo=m ZHE 4 UCKBurt, 1992).
Bu(1992)0 W=, Moty ==7io| HEol So| AT
Jh Qlom, sjLtol LE0N Fordo| 3o Wol, 1%t ==
52 250 &0} Mok CHS (4)AD 20| EHS % ct.

v
constraint,, = Y (P, + D 1Py, « Py,)% h=ij @)
j h=1 ’
P, £ 17t i9] X9l & SILEQl hof|A| ot SE2 AlZtat
OHX|E #=7128 LtEtD CHE (5)AlDb ZH0| ALk £ Qf
CHBurt, 1992).

(QI + Cli )
P,, = - it | Mhit/ (5)
DGt Ciy)

J

Cy, € 0] & i2RE LE h7HX| SHZE|0f QOH, 1
HAZE|X| o™ 00|, C),;, = =& h2FH LE iNX| A
Zz[o] UMW, 1 AHLX| o™ 00|C}. (), & 7|0 ==
IZRE LE 7HX| SIZE|0f ASH, 1 AZE|X| %™ 00|
0, C;, & =5 |28H & X AZE[0] A2H, 1 A
C|X| &om 00|LC}.

IS—

3.2.3. 28 & AI4(Closeness Centrality)

7Fs(weighted) Lk 28 5adat 7t Qe 2SHEE
Ct2 (6), (7)AlaF 20| A4kt 5= QUCHWasserman & Faust,
1994).

winclose; , = Z Cz‘j.z/dij.zv 1=1,2,3,...(6)
: o as :
woutclose; , = E C}i’t/dﬁ’t7 1=1,2,3,..(7)

VEK)

dij = 210 oA i2EX] T AH2|E LIEIWH, d;,= t

of 104 K| AT H2lE LERATH = j). €, ]0] &
£ izEE =C IR ZE0f Yom, 1 AHEX Yo 0
olm, C,,= =E jREE =T K| HZE0 oUW, 1 ¢

Z&|X| 2 00|Lf.

3.2.4. 2TH %=(Clustering Coefficient)

TUAFE HEJAIYOM =7 2H 2ols gl
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BEE LIEHHLE 7S 28 A= O EXE S84 A
% QICL dgj= G(ML)o| Y=, Ne
N= {”p Ny Mgy evee }% LIEfL|D, L = {l17 lyy Ly wone }E

ZUE UFAP7IE 39| Folck

|.|-

al

lo
oz
oo oot mn

_ {1, if(i,j) e L

ijt 0, otherwise

Jz2(4, t7|ZHof o] O|RE LiEtl= T NBE Cigat 2
O 7rggtt®

NB;, = {jli.jE N, L =1 (i,j) € L} ©)

e =8 A== ts H(10)1at 20| FFECt

(i.))€ NB,,

wclustering,; , = E (10)

—_ Y

2M2 9 £ AT0IME SHE0| Y AMHEYS
M|~ J|go=SE HOlEHE +Esion, HolE 24 7|

1Ho 2 20114 102 58E 20123 9LLNHX|O|Ct. BEE F
= g Aro= MEa(snowball sampling) YiHS 23}

Table 2: Descriptive Statistics

ULt AL Q= ME20|2t H|ZHEX HE ZZ(non-probability
sampling) 7|H22 M30| 22 & Jjo| m2S MESIL,
MEdst #2590 X|¢l, A2l X|ele| X|Qlg X|&Hez2 #E
o2 FES0 Hdts Y| mE2E FEY WX B2 F&
2 A&Sts AS LoICHGoodman, 1961).

2L QF2 MEY WHE 8o T 23,39582| =7t H|O|H
Ao =EE|RYD, O59| 7 Mzt Fof HE, HERS &S
2 7HRl §M HEZE ZEE|f UCE HERR |82 AHRU
AolM HEXIEM LES 7t0| UE ==Xtet A9l Hhakd
0| HtAE|0f UL

Hraw)H[O|E{O= HE U FO0§ & &S LGt Ajztof =
(second) EHRITX| 7|EE| QUCt Iy HIO|HE A7
of Yol = HRIE FMHE= A2 YE9
(sparseness) &H|7} ZESICE [MEtA S0t HESLQS
TE e 52 SRR AMSY FE FIIE 1239 HE
W2 E0l= Ij2 Ho|HE PHSRALE

&= A7 7t Met o 3 SAo|N, 2 ST
M AMEE 7t Mz O|REIE, CIXE <, CIX[E T4
SO0|, =2 SNS FHRS2| 72l AEE F0Ol=H AHEE
Ch. 0§ ClO|E&= 21 HHSIYCn, 7jele| EME S|t
7] Qs dur HF 22 AREA HE, el AY €2
Bz, 744 OfO[&ILf &HE HIZQt FF =X} H+E &8t
Ch SEH=E HHS7| sl 3FOIA HMAlsH Aloj izt |
EQ3 X HE ZHIIRCL

-

3|2t

4.2. 7|2 E7|(Descriptive Statistics)

Zt H0f Chet 7|&S2 £ Table 20 HAIZ[O AL BE
HEQS #= H=0M 7l 2+ dEBoN EXsts #E
HAtet HIWSHY 7HQ LHROIM AlZHO W2 BEE AL o
g3 EXS & 5 AL Azt o2t 24 HEQS 7= H
7t S| 0| EXoiH M HERA F= He
280| 2AHE Folots Zatl g 5 ALk

Variable Variable Definition Observations Mean Std. Dev —
overall between within
In_pu log of purchase 206,072 1.71 2.92 1.48 1.85
wind weighted in-degree 206,072 118.73 601.43 441.15 323.51
woutd weighted out-degree 206,072 118.73 316.68 216.68 204.10
winclose weighted in-closeness centrality 206,072 .001 .0008 .00049 .00065
woutclose weighted out-closeness centrality 206,072 .001 .00085 .00059 .00063
constraint brokerage measure 206,072 .6 46 .37 .30
wclustering network density 127,646 .0008 .00250 .00170 .00124
friend number of friends 278,732 165.86 268.73 246.98 104.36
viitemshop frequency of visiting item shop 128,175 2.18 2.14 1.19 1.52
vitimeline frequency of visiting individual timeline 268,249 19.78 10.24 7.73 6.77
du months from registration date 23,395 68.51 27.19 23.12 3.61
age 23,395 18.77 5.32
gender male: 0, female: 1 23,395 .54 .50
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43 M3 24 U 2Y Ha

9 FIAISH Hiet Zo| 2 o170 Fa
& a0 AZIo| W2 w2 s o

S ST
HMAlRE AlZtol| et 2Ol 2 ZH i HlWE or2fet #2
EAE S L-sHALL

M, 3YOIM HMAISH REPT 2¥g 283t 1) HEXZ
TZ HIt SH2Z(Dynamic) 2Fe A2 & A9l HeH
DYREPTD)2E 2) 7|& CTO0|AM HAlSH HEQE 20| A|ZtO|
M2 HotE HrYSHA| @i2(Static) RS 7|2 ZH(REPTS)
oz ¥ HusRLt. 2 AFoM= 2 LEO| OiX|E
2 HEXF Fx= ¢S Ao meEt HasHA| Gis HERIR
FE BSE YL Ols JIE ARON wEO| TpE
x2o| YEYA PX B4E BE V|| HEE ST
[} 20|C}(Katona, Zubcsek, & Sarvary, 2011; Stephen &
Toubia, 2010; Yoganarasimhan, 2012).

HOEHME 2 L0 2 5FE fI6h 13,395742| H|0]
E{(estimation data)@} Q|& Ef=td AZ2 |3t 10,000712] &
H G|0|E{(holdout data)Z L}+RICt Table 32 Ty =% [
OIHE &85t (1)Alof 2zt HgtAlZl HQh =¥ REPTDRt
7|2 2ol REPTSO| {ItE H|wgh Zd0|Ct.

log-likelihood, Akaike Information Criterion(AIC) 5! Bayesian
Information Criterion(BIC) 7|& 2% REPTD7} REPTSECLC}
o438t Z{Oo=Z LIEtLtCH(log-likelihood: -91,664(REPTD) vs.
-94,703(REPTS); AIC: 183,357(REPTD) vs. 189,443(REPTS);
BIC: 183,488(REPTD) vs. 189,555 (REPTS). [M2tA, S& Ol
HESS PE BAE M8 KO BHO| HHel YEYS

T WSS M8 V|2 YT MIDL 2482 2 4 9
c}.

Table 3: Comparing the Model Fits of REPTS and REPTD

Variable REPTS REPTD
wind .0003***(3.69) .00008*%(2.43)
woutd -.0002**(-2.15) -.00002(-0.26)
winclose .005**(1.98) 41%%(9.44)
woutclose .02***(10.86) .54**%(14.43)
constraint .24(1.34) -.14(-1.30)
wclustering -.03(-.41) .02*(1.83)
friend .0003***(3.67) 0.0005***(5.82)
viitemshop .65***(64.91) .59***(57.41)
vitimeline 11*+%(30.6) .09***(26.66)
age .02**%(3.9) .02***(2.99)
gender A11%(1.72) .21**%(3.28)
du .004***(3.54) .002%(1.74)
constant -3.28***(-19.58) -3.35"*%(-26.4)
Obesrvations 160,740 160,740
Log Likelihood -94,703 -91,664
AIC 189,433 183,357
BIC 189,555 183,488

Notes: 1) Dependent Variable: log of purchase, In_pu
2) * p<‘1’ *% <105’ *kk <O1

3) Observations: 13,395*12=160,740

4) Parentheses: t-values

Table 4= E= Lf(in-samle) Cf|O|EAl(estimation dataset)u}
HE Q|(out-of-sample) Cj|O|E{All(holdout dataset)Zte| A=
Mean Absolute Deviation(MAD)Z} Root Mean Squared Error
(RMSE)Q| Zt2 &3 29| datE H|ush ZAuE HoEL]
REPTDIt &2 L CIO|EMar #& 2 HOo|EA ZF0M
REPTSELC} RMSEQI MADZt € Yomn O|= REPTDO| o
27t REPTSELH R8-S LIEHCE

Table 4: Comparing In-Sample vs, Out of Sample Fits

REPTS REPTD
- Sarmo RMSE 343 3.28
n-sampe MAD 1.74 1.63
RMSE 363 3.49

Out-of-Sample
MAD 262 245

* REPTS is specified the same as that of the base model in
Table 3.

44. HEQ3A X B A4 5X® B

t

=l

2 HOM 2= 58 HEYI FxHE AT 1 7|
Z A0 MAISH YHQ HEQR 7= B HYS 2 O
2ot 2™o| it § Ehhe Ag HRCH HE0, AlZtol

= A= a1
(2 2its 2t HEYD X vidol ASE H8H 3 9
7

—

2 ZA0|C). &, HESYI FZ Y9 A0 AlZHo| mE &
o ButE MY ZRet AKX Y2 22 ZHES Huso
SLEM A[ZHY| ME HEYI Fx B Aol A9l =it
EN o2E LotE = UCH

HEA Fx= =9 Al=7F AlZH)| M2t Aoz a7t U=
7tE AFSh| fs 2 gFoMe oE =g 2y 2™
(Multi-level Mixed Effects Model)& Of2je| (11)Aldr Zo| A
St UCHRabe-Hesketh & Skrondal, 2008).

Yis = By T NS, (B, +6,) +X71,t By (1)

T Woe Byt teg,

w ~ N0,0%), e, ~ NO0,07)

7

>

(1MAE &80, REl= HEHYI FxH=9| A
7b AlZtol ZE0f mzt do| :utt A=Kl ofF
Xt SIYoH, THNMoZ §,+60, T 0,7t AlZHoj| [0
BUE HEHH=X| 25 H2EYo=N LotE 5= ULt
var(6,) 7} 00| OfL|H HEI Tx 9| A AlZt
mat Qo) wITH EXSICHE U L 4 YUk Az =X
Qsfl, 2HIZ C|(random intercept)2 HFTt AS 7|2
Yoz ot Zt HEQR T H=o| A7t Aol Zatit o
= MO Z sl=(random coefficient) |0t RO 2 MHSIA
Ct. O3 L} 2TH| HAE(Likelihood Ration Test, LRT)E
s 7|2 Z2¥at ANt 2¥E HlwStaxt SHRICHRabe-
Hesketh & Skrondal, 2008).

Table 5= HAE ZAOtE LIEHHCE X 2M(constraint)S A
Qst CHE HEYI F+& B9 A=71 Alto|| e} B}
oitt= A% of 2E ZHOM HQH 2™0| 7|2 Z¥EC

=
=

-

o mwre
olmo L 44 1o k1 m

%

3
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Table 5: The Results of Equation (12)

Variable RN_WIND RN_WOUTD |RN_CONSTRAINT|RN_WINCLOSE |RN_WOUTCLOSE |RN_WCLUSTERING RN
wind .0001** (4.74) | .00009** (5.87) | .00009** (5.9) |.00009** (5.64)| .00009** (5.91) | .00009** (6.01) |.00009** (5.90)
woutd 002 (.07) -.002 (-.03) -.006 (-.16) -01 (-32) -.002 (-.05) .002 (.05) -.006 (-.16)

constraint -.02 (-37) -.009 (-.18) -03 (-4) .005 (.11) -007 (-.14) .007 (.14) -02 (-41)

winclose 23** (8.94) 24" (9.2) 23" (8.72) 28" (5.2) 24 (9.2) 25 (9.66) 23" (8.79)

woutclose | 47" (22.79) | A7 (22.98) | 46 (2259) | .48 (2329) | .51** (11.86) 48 (23.3) 46 (22.68)

wlustering | -.004(-.73) -.0007(-.14) .0002(.03) -.0004(-.08) -.003(-.49) -.002(-.22) .00002 (.00)
friend .0003** (10.98) | .0003** (11.53) | .0003** (11.55) |.0003** (11.58)| .0003** (11.11) | .0003** (11.41) |.0003** (11.55)
viitemshop | 48" (96.12) | 49" (96.26) | .49** (96.24) | .49** (96.15) | .49** (96.12) 49* (95.97) 49** (96.25)
vitimeline 09* (432) | .07** (43.19) | .07 (43.31) | .07* (43.0) | .07* (43.04) 07 (42.98) 07 (43.29)
du 003" (6.15) | .003** (6.74) | .003* (6.09) | .003* (6.22) | .003* (6.21) .003** (6.26) .003** (6.1)
age 01 (8.7) 01* (6.2) 01** (6.78) 01** (6.63) 01 (6.7) 01* (6.73) .01* (6.78)
gender 07+ (2.93) 07+ (2.97) 07 (2.93) .07 (2.96) 07* (3.01) 07+ (2.95) .07 (2.95)
constant | -.97** (-8.47) | -.99** (-8.54) | -96** (-8.42) | -1.03** (-7.48) | -1.02** (-7.82) -1.02** (-8.89) | -96** (-8.52)
Log Likelihood|  -191,515 -191,507 191,524 -191,490 191,513 -191,497 -191,525
AIC 383,062 383,047 383,081 383,013 383,038 383,026 383,081
BIC 383,210 383,195 383,229 383,160 383,185 383,174 383,220
LRT chi2 216 * 36.0 ** 2.1 705 ** 452 ** 56.6 ** Base

Notes: 1) Dependent Variable: log of purchase, In_pu

2) * <.05,

* <01

3) RN_I is a model only with intercept random
4) RN_WIND, RN_WOUTD, RN_WINCLOSE, RN_WOUTCLOSE, RN_CONSTRAINT, RN_WCLUSTERING are models whose

intercept and each network structure variable’s coefficient are random.
5) Parentheses: t-values

NIt e HOZ UL B, 2
Chet LRT 7}0[RS 28 21} F o
Z:

240[C[0et

=]
=x

2t YEYR TE 40
de mMolstm 1% +20f
M golgt Zoz et afdt ZnRRE YEYI 71X
W0l 47t AlZH| Web Qo HME LiepdCts HE2

2 222 Mol 7ty Rete| =27 =
4| 715t ULt 21ZHe| Ale|H SFtet A7|HHO| 4=
ZOHEO| kst IS UOA HS StielE el 18
oF Eef &= CIX|E ool 22 7k Mstel =2
Al 253t QACk J2feh BiZoA ~20|CI00| THy Rzt

T 2¥S Aqtols A2 &9 207t ALk

HEI LM 7t Tzt 704 20 25 2 AFQ
FE ZeAlE HESQI T2 B$IF Al met o e
el X, 22| Oef #EsiM S8 HESS &
ot Ot izt O 2¥o| FHAEQ HET £X
7te| oLt 2 AFE
Haolgs L
QQtoM, O|= Braha and Bar-Yam(2006)0|
MAlet &0 LWASSICE J2|10 AlZtof 2t #HSHK|

At Zbe

nx
0.
r

M52 280

ok

EpACHE 202

20| sy

O AD
—|——|—°|_|‘

E5 HEQI Fx& H4Ib AlZto| et

et

7
HEYT 72 Mgt 1

HEYT X #a 4

Q4%h ZIS LIERHCHS

AlZHOf 2t kst E S
bEY 2 gt Hluston,
Ao = LIEHRLLE 2t

= 2ig golg 4 itk
w3 O 23 21 282 S5 FHOR 9o 2SIt

=
geot 7|2 2yl Zp HERS
28 Mot 2

e 9ol

Hobdg

RIE

Heleh AlZtof M2 gl

olo

712 RYEL 52 JAE L= A2 LIEtRTE M2k

ot
LIS

HERI = B0 2 38 A0 A[ZHOf ME o =it

£ 2%dt= A0| o davt fF3ihs AE Y 5= AUULL
_/‘\_AE4|:|||:|Q.| =gj=Zzo 7|.Al-

=2 AT=2 o —| =2 X 3= =

2N Z85taxt k= 7|YE2 7hY Mot T REE 7

o 0 HEYI TX waol SO SHS Defolo Mgol

£ A0l E2= AOICL OE S0, g8 = 5, &AL 5= Al
o

71E AT0M MEEl ~Z0|CI0] ABRIES| HESRR F=
7t AlZtol| 2 HakstR| GEChs 2¥E o 2Yol 8% F
el 2ot YR 2RE gegds 7 = AL B
OAES o M ez Y2 70) &S ¥s AOo[C ot
2hM CHE MRSl MY FdeEE 28310 7t Me=lE
TofstnAE 7|25k OAE 2ElRs WERR FEREC

T QIXIZH AAZZ skt Qltte HE QASHL O
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g 23 Ao 2% BRE HI5H| A =3sHor & HOICh

AlZte] Hsto met HEQR 7= BixE FFoitts A0
Atk HES =011 A £EE RE + U= 2 12
W 2 =3 Al 282 RE 7tsd= EXelth. Q2L AL
JlEe HEE HE2 =52 SHEoln Aol £k ED
AEHez a5 07| WEo o= O E S8oM 18
o M2 RFES 20| 12dtks A0l F2 AOICL 0§ =
of, Holasnt A20[Co 7|PoM= 1Mol HEQA f1=
Bl=0f CHSH CIOJHE Ciefet AOKE 7|7|8 Sl 2A22
g =+ on, ATX s Lna|Fn AlM 3o 54t
SOZ N0 AlRlH Fet H4E EOh SHez Aud
= A0l J2fet YEE Jtat Mt 0 2ol HrAs
2ot Zuwstl =2 HEES 20l O E 2gs
A
e

_—

%t 7|00"at AT X AR AME B0 2T
RO SPAFEOl & Ao EXect d2fst stAEE Ht
E 2 d7E Sl ctyst B dF FHE &
2 Zo|ch AW, 2 7o 2¥ dFoM= 7tat
Het Z2 O E HE {SHX| Y/UACE 2|7t HIoIH

22 AEHEQI= oo’ £& NJ, 7t 2ol & Cryst
OAE O[HIEE 2|RIS0A MSSHCh A40|C|of 7l &
SEE HiKSte FHRIS 7t d= I xFE F7| ¢

, & gF0M= OEE E3a 2EE BREE HLISHAC
AToiME OIS B8 Jgfst 2¥E8 d8ds A=
Z0|C}.

=M, & AFE QT Ho|Ho= M HE/R FHAUS
o eIt otd #E F=EFH TIREER O|R0T R& HE
30|} mEtM 2 AFE S Y2 duts TH HEXR
o Zuftatn UHBIAIZ &= QICh 2Lt HIFel 2242
HIESZO| 377} &Es| 27| =20 HWERR oy =H
O] &3] ojgn U7Xt OAHE HEXIE HIOIHE X235t
717t 45| OJ™EL} MM AL2E MET W0l A4HE
3 Ho|E F==0f YPtMozm MEE|s WAO|CL ALRE
MEYS S =& HO|HZREQ A2 A= TN HE
%3 HIOIHE 8% 24 Zuotet {AISICHL 22| 2EN
QCHFrenzen & Davis, 1990; Goodman, 1961; Henry, 2005;
Salganik & Heckathorn, 2004; Tepper, 1994). &% 10{A
= 22 HESA HOoIHE oY X F&E3t0 1 ZWE H]
sl E= A S0|2& Z40|CHChen, Yuxin, & Ping, 2013).

M, 2 ATo| Ho|Ees 149 HEXE =astn U0
AZ|A0rA AIED 22 AR 'uE MASH7|7F ojFot Eot
Hiolg7t gztez AbtE e &8st F 4 &5 F 4 M
2HE A7 HRIE e A7l M E= A E2 A
o|ct.

L, O PO JHQlel TOfo| TS OjKE sz
O|22| 0§ &1 &2 0|22 FEAQIS LESHK| UUCK
g2 AF0ME 0|29 FEsg gt RHES LBl B
Ar= 20| S Z40|CHKatona, Zubcsek, & Sarvary, 2011).

OIXate 2 R2|= HESRA Fx BTt 7hy Tt THofo
Qolsh @srg 01F 2ojz} JpEsiEr 1 YR Jh5T
olck JH XfetE POfsts £M0|Cj0f PHAUSS RAS &
Ct XMoo= 20|7| i Foist Ofo||E &8st Xl

%30 [0 kI
M
& iy 71 4> o St

r

oy oo Ok

-
S

.

=2
=

Ag Fo|D 2 ols) AMO[CIOjIN TEE XI9IS B
AZ % Utk 3 MSIE YgEg LEs YEY Px @
ok JH THst T0f 2ol LAEl B2 EXE Jh540l
oIk matA, et LMEel B2 eimets Ae oo ¢
£ a0l ggol @ Zoltt
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