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AH oz Fashe Sl 2o o5t A
Aoz REAQ AANE Bgo] TR 7
ol @A} e 4 a

by
I (skewness) S 7ot At 2 1HSH(log transformation)
g GRTE EASHI ey 2 A=
298 S e Fetinte] e grol Sl
2ol wlet 2A) Aolst e e HlagREe
RS olgsiol BAehA sjn

Z =5 =
= o SO O 0o i pu
Aol dix AHAZE B4 AR()olA 27t
g dAMAES 85k & Ut Hi= 11

S oA AE5H Aol disf 482 FE 9o
L, 4482 5 B|SSHE ol4H Al b
H S, =0p+qy,_/m)m—Y, )2 HOlE]o] Ho]
Hgxo] gt o] W 5,9 r= 247t Sy g4l
AR Ze it A o] Hx248A0] F9F (A1
7P FAE Hxp8Ae 5 Yu|st, p, ¢}

m 7Y GAASG, BRYASeE AAAAETRE
et = B0t} Bass 3ol oigh AAIeE A

Mahajan and Muller(1979), Mahajan et al.(1990)

Bass et al.(1994)2 Bass g0l o8 ulA|"H <]
AHAHG0] A= EA7]7] $15] Bass Y
9] hazard &5 o2 HAE W5 IFS b
b7l At 28 AL, £/0-F)=0+eF)z,)
GBM(generalized Bass A Ao T
Bass et al.(1994)°] GBMY #AFSH FEfZ Joo
and Jun(1996)2 A&7 whe 27]7jAta2]
HEo] §4% & AW5t7] 915 Bass
RS = AR gt AR of
e UAIA HEs At 2yS AASHIT Joo
and Jun(1996) Bass P9 o4AHAS 7|02 AR
o] Hz8AY X(S)E )bty /mm—Y,_)
2 AAlstal =T, o+ o8 AFREaR1E9

o

model)

T=0] FaE] it 9
Ao A Dellarocas et
al.(2007)2 igsto] tA1H Q] wiE(y,)S Bass &
Qo ol4tAo -3 E= FHE AASt, F4IA
&, BEAS, AR T By o7 o
FaglEo] AP AA R Fojt gAE =Y
= Aot olfA Q@2017), AEH &
(2014), Lee et al.(2022) 5% AIJWIAEE o]
goto] FeIEAL2] F4S GBMEF R A
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Y =, ) e
m. i it—1 it

[

Sip = (pi,t tq;,

by =b,Fd\Dy s, 04,

Gy =0t 0l 32, Tl

A (laye i93te] (AHo] P

gakel AAH FW

2+
A (129 A )0l Het 27
(Ib)elA p2 dehd= AFE Yeds
Folal z, v 92 A A3
o] ztol)g depdlth A (1b)ollA] AFE
H4(D)E 2T A2 F3to] by
9

!
£ ol

Z1a0] FFer AT w7t
A& WrGstr] 1% Zlolt}. gttt
stal Qe 71€ AFE oA HHTFS

[l

o} 12]3 Bass 29 FAA S 7]
oA Agst= JE| wE AH|[Z}

1o

918 Bass L@ 9] o]4H4] ©24(e, )& o
o

21(2015)2 HA24STE 713t Bass Y (BMIC:
Bass model with integration constant)2 ©]-85}¢]
sptzslo] 45t A 47 2 AL Y

i}

> b

v

A (a9 BFAS(g )l et 294 A
(10°lA 2,0 z, = 22 93k A1H 9 =
RAEET Aot BEERIE Ho)g 1}
EPHTE Bass 2 o] REA = AU olA 7]E
o] BA5EAE0] WA IE FHAWOM: word
of mouth)ol] W2 AH| 2] FA4L-S HHadgt A

ol7]e] F3}te] StIA AL T 9] UK (volume)
H

< gttt g Ra(2)et A0 B (valence)=
et A (2)S BHAse JFae a1
gt Aoltt.

Al (1b)eF A (1e)ollA #F w= 42 5,9k g,
of tigt IAAY] @} LeRdT) S, E A
TFoME oy FFaglEo] gsietite] mae
FFE A FgAavet BanE FHeRE B
Ast7] S8l A (la)ellA JAA FREA4-E o
EHls w= ZF g r HEHQ SABLAS
2 487 A= FHgota, olF ol Ao
ol Bz et BAg Frlstaiat gt

2] (1)e] Mixed-effects Bass 32 0|54 2]
(2017), A7 2](2014), Dellarocas et al.(2007),
Lee et al.(2022) GollA A8t By &2 o
A8 2 & (hierarchical model)®] +X& A|dt}.
(lay= 93 HHASE AHstr] A 1942 %
ola, A (1b)et A (lo)= A (la)olA F=tud
2 ZYE o]ZA(heterogeneity)ol] TE g a3}
S 1FARLG Y] 25 p, & ¢, 5 5ol FetfEdE
= Hhgstr] gk 29 ARG eIt A (1b)et A
(1o)oll A B p 2t g 247 Be dohids

1>

g o
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(2017), 21737 2](2014), Lee et al.(2022) 5 Z}
2te] stEel Uit SATYS FaH] AT |
ALY AL DA § it
nie] JFale HA4OR PHG] 9 2
%ﬂlEOé% BAA R e S 285t
T}, §FHO|| Dellarocas et al.(2007)2 THAE LS
Feste] F4517] 9lal MCMC(Markov Chain
Monte Carlo)H< 4853 th. MCMCH-2 5A 2
Qo4 FA} & BAT} Bot B BAE G
Aol et AeEU L3 (joint probability
density function)2 #9|&|+= Lo+ (likelihood
functiony 2-§317] oA 4%, B2 Ryss
ARz FRed Aod 2ARIFUEHS
(conditional probability density function)S 5]
of FAAUE Rasol didt Ho]x|t(Bayesian)
/\]';ﬂ(prlor)—/\}—?—(posterlor) ELZE A8 A
sflo]de] ot Aot

o, dAERYES St A4St fIsh
MCMCH oL As-8HEo] Bets] 4o 73t 7

zE

<t A8d 4 3= Gibbs

2]o]l ML(maximum likelihood)H ©]1} REML(restricted
ML)Ho] Ag84 5 ot THAEAE R G HLM:
hierarchical linear model)®] A4S ¢t MLW
REMLY, Bayesian®] 5-°] T3t A-2> Raudenbush
and Bryk(2002)& #ag 4 qlom, @A HH A
% LY (hierarchical nonlinear model)®] F4-2 ¢
oF ML¥ 3} Bayesian®] 5ol tigh A2 Davidian

and Giltinan(2003)2 113 4 it

2

O

lm
e
o d
[e]

H 59 Bayesian'¥]

s
q
=

1. =MZ1

——

2 Aol A= 2.3 A AR

AT2AE o

A5t7] flste] 3.8l ARt 2018 RH 2021
A7A] ol JlEee Ad S A 9] 30
A F 118H O] Fstol| et e Apet ~54
(I T4 (https:/www kobis.or.kr)
AlF), =2epelAe] tigt F74-2F (= F3t
AFo] E(https:/movie.daum.net) ol A AT 2 F) 52
A2 A FEfEREE 32490 A9
Bass 2@} FJFRlES Adste] AR A (1)
o] A|"H 4]/ L3 (hierarchical nonlinear model)
ol Mixed-effects Bass &2 ©]-&olo] EAs}¥tt

2 Aol AR FEHMEAEE 18T
F3toll disll FSHHE= HHF 9.907F(FH A& 3F, F
ol 5072 25 1,169709] WSR2 FAH St

g (unbalanced panel)o]‘:]' Oq:rloﬂ/ﬂ A&

Nt

TR 7lEAES <E 1> AAsHH.

2 A M= 2] (1)9] Mixed-effects Bass .

Stata®] menl(nonlinear mixed-effects regression)
Folg olgste] FA3H3H. Stata®] menlof Al
A (1a)9] F=petatdat 4 (1b)<h 4 (1e)<]
AAA g2t B Aol et A4S TR 5
2 #5ll ML(maximum likelihood)¥ ©]\} REML
(restricted ML)H& A8 023, TAE 239
3 4L 95 Dellarocas et al.(2007)o14 &

|5 MCMCH} 722 4 Ut olof & A
()] 4 A= <xE 2>8F Zrh

<E 2>91A4 A (1)9 Mixed-effects Bass H3 ]
et +7% A3He Model-32.2 ZAH Fof vt
W 70|31, Model-17} Model-22 EA|H F2 4]
(el dig mdHgde AEst] o naw
Bl gt 4 ZA3elth. Model-12 7]+2]
%l Bass oz A (1)o|A FAA e}t A
Fofl gt FFLeJIET A4g-S BF AQlsta
HE dst=e] digt dAAset RS ASE 2
#eor AAto=a A (bt A ()7t 22

o}.’i o OR FUIO

=

<
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<B 1> 22 /&5

e 2 Ba3| 2 3t FIPS T, 2ozt
A e 1,169 349,223 722,190 1 6,308,048
A2 1,169 3,197.7 3,315.4 1 17,925

2|54 1,169 141.28 296.57 1 2,877

RS 1,169 7.08 1.65 1 10

<H 2> H3}tAko|| CYSH Mixed-effects Bass Model 27 Z 1}
Model-1 Model-2 Model-3
(Bass) (without error in p &q) (Mixed-effects Bass)
H=x2H2|, 2(p-2) AZ2H2|, 2(p-2 H=x2H2, 2(p-2h)
Al 2 0.320, 57.59(<0.001) 0.029, 2.07(0.038) 0.384, 23.12(<0.001)
_||—’|\‘_— IHExZ 0.202, 15.72(<0.001) 0.0110, 1.82(0.069)
A2 2.06e-5, 16.19(<0.001) 7.36e-6, 5.07(<0.001)
- o 0.251, 12.44(<0.001) 0.476, 18.30(<0.001) 0.284, 12.95(<0.001)
74|_,'ci_ 2| 3.49¢e-4, 11.77(<0.001) 3.29¢e-4, 23.05(<0.001)
R -0.0479, -3.44(0.001) 3.19e-2, 3.98(<0.001)
7 0.0180
RE 7, 0.0329
o 9.90e10 5.86e10 2.86¢€9
MAPE 6.586% 6.265% 1.110%
AIC 32,920.71 32,315.38 29,500.54
29 BIC 32,935.90 32,350.82 29,546.11
254 5 5
LR v.s. Model-1 X7—4=613.33 (<0.001) Xar—6=3,432.17 (<0.001)
LR v.s. Model-2 xf,/:2=2,818.84 (<0.001)

T3t g olth. Model-2+=
§lo] HalAlsor Aol gt
F7HreRM A (12 4 (1S 7t

=q,ta2,, tat,;, =

=0, g, =0, =
Model-1°] 22}
AFaNSWS
2 p=ptdD 04, g,
793t B3P O F Bass et al.(1994)2] GBM(generalized
Bass model)]l Tf-5-5+&= ot

<& 2>o04 EPAMEE AT 7IEew AN
¥  MAPE(mean absolute
Model-13} Model-2= 22t 6.586%%} 6.265% 1Tl
H|5]] Model-3= 1.110%% 23 2] ZHxK(residual)

percentage  error)=

7} Model-3914 A 7A35EI, AIC(Akaike
information criterion)2} BIC(Bayesian information
criterion) 25 Model-17} Model-2¢1] H]3}] Model-3
7} A Yebgdar ok E=3F S H|(LR: likelihood
ratio) A4 Z 3o A= Model-2+= Model-19] H]| 3],
Model-3-2 Model-17} Model-2¢] H|3l FAIA L
2 folsl 9ol e BYQl Aoz Ue
Ui gk, olell wet <& 2-0] BY 24 ARS
% Model-32] Mixed-effects Bass ol Tt
3 AnE d|Hss Aol Bdeittn & 4 9
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A

0.0359} 0.001 mRtgte = 7%

[e)
qre 77t

p

T

S
i

2>oll4 A (1)¢] Mixed-effects Bass 2%

(Model-3)°f] gt

<E

AL
__OO

&
Y

AsEg o 2 A2 A9 32200M 2P

24

g 2 7ol f7)sat

0.384(s.d.=0.017)9} 0.284(s.d.

1
L 77

R Al

0.022)2 uYelch gstetataAef o

2

A=

=P
1 =

-2 83 Dellarocas et al.(2007)-=

G

N

[

5

_(H

0.087)& HI5}1

0.057)2} 0.273(s.d.

0.035(s.d.

717}

TS Lee et al.(2022)2

3

2]

R A 9]

7 27 v,
o Ao et ~347}

7z

o]

0.034)2,

0.045(5.d.=0.023)2}  0.047(s.d.

2](2017)=

s

Al

Qsl7} Aol

0.051(s.d.=0.026)7+ 0.055(s.d.

217}

o

0.028)2 H

17412}

(=8
=L

Sultan et al.(1990)<

e

Al Al B+

S

94

b

Al (1b)2}F A (1e)ell

S
1

Aol A
o

A (bt A (1c)ell

1
-

o] A4=72(0.0319)

]
™

ko] Aol wr

R

dFad=9]

7}

A} ol
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= A (1)9] Mixed-effects

2~ HAA I =
A998, YRS, B4

oo B oA FIHRAS B3 4] (1)9]
A FREAE () m)E 57 obd
zX—h:HKI— EZ,\_ X%o].oq o-]/\]zﬂ/\/ﬂ(/ﬂ (lb)) u_]
HEASAA (1e) GAH AE S
ol g FPAL 271g By g FA
A= Borch ol2 915 4 (1)l Jstapd

£
AN FRRALE AFBEASE AP

Mo rf kU o J?é

Al(m; = m, Fisrt Week Adnc, +1')y&  F71gF 2RI
=AY on, 2AHATNE <u 3>7 g}

<®E 3> HWE {5 A (el A T8
ApAS F71RF myde] tigt 42 7 (Model- 4)
£ <® 2> Yeid A (Dol W FAZEH
(Model-3)2}F 9HA] A|AIsHRIEr. <& 3>of 2|ctH
P A FEHAsE ATTHASTY
3.998H[ o] @2}gfo] F7tEo] A H= AR Y
B, AAl 2 ATl 2% 118 ] F3)
=9 _7;q_7,: RS AL PFHor HEne

A

N

}2tAH0]| CHS Mixed-effects Bass Model2| 2712 M

Model-3

Model-4

AL 22, 22

AL ZH, 2p-2b)

0.384, 23.12(<0.001)

0.197, 25.87(<0.001)

0.0110, 1.82(0.069)

-0.0303, -7.72(<0.001)

7.36e-6, 5.07(<0.001)

1.07e-5, 11.59(<0.001)

0.284, 12.95(<0.001)

-0.309, -13.92(<0.001)

3.29¢-4, 23.05(<0.001)

2.86e-4, 21.23(<0.001)

3.19e-2, 3.98(<0.001)

1.35e-3, 0.93(0.352)

Al

Op:

3.998, 22.72(<0.001)

0.0180 0.00256

0.0329 0.02602

8.75¢12

2.86€9 4.86€9

1.110% 1.657%
AR 29,500.54 30,632.29
29,546.11 30,687.99
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A

AR AR Hoj o] = o4
Aot B Ap= o]F 25| o HAaFH
&=, Bass 2@ FAHA BEFAHAF0] AR
s S W= A2 Tigert and Farivar(1981)
of A ¥Fql v} Qlct. <3 3>of| A} o] g3k 2
A2 FHEAP7E AAEY e EA o] ot
Model-49] LHH21 S AA G (p,) 2t BHAT(q),
FH A= Model-3914 9] F

M)

Lo T

NEAF ol o
g2el vlsl 2Al A= 9lct. 18] al, Model-40]
A 2T3R-ALTE GAA S v 9 G4
7} REfA ol A= PRF2 Model-300419F 2
of fFolet Ao FFLE UE

oAl BHo] mEFA o

=

hsy

thal, <3 3>0 A AICS} BICE 71222 Model-4
o] H]3 Model-39] Z@A3HAdo] o ¢
U3, Model4= 35h @A Zuetass 2

Fshd A% HBIASA vl o TRt

£ Gl oA 2kl
K 5l7] 915t 2HFR§(diffusion model)

2 Mixed-effects Bass 22 A|Qtstal, A|ot=
2gg = Gstadol A 2018WHE 2021714
4A7 ABE A urAow A AL 30H

Fote & 118W 9] Y312 figer 3 FEny

Aol A-gste] dspEitapgol A el
¥(volume)t FaF(valence) 52 FFHS &
skt

H oAFox Z-L3t Mixed-effects Bass ZH-2
sHbbde AdWstr] fls 7P ©@ol AREEI
U= Bass P (Bass, 1969)= FIFA4tabgo] A
86t=], Bass @9 HpQl SAIA o BEfA 4
7 MEAFEN ), 239, 2Ry, B
59 AFQNE(AHAINFE: fixed effects))¥t
Q@ 2FF(H-5 A IHRE: random effects))©] Z2H 3]
Alog MAirjojz]: AZ2 4419 B ¥ (hierarchical
nonlinear model)®] FEE ATt BEAZA3} 35}
St oA JAA T e AT A3dS

St iy ast A FAEtE E
I (AEAFIE dAAS] nAE HH)

D), 7199 =8 Hzrt g AT AT
Z7F QAA S nA= el Pt A

—% L= B |
EAE ge HgaTsel eyl B dw

(skewness)S 1l2]oto] 21 3}(log transformation)
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A-25t Mixed-effects Bass 22 FAT9] Aot
Hol o AAH FRAALE WA FAE 4+
JAEE AT Qo ot

= 2 oJn
AR

Bass 2o M= Fotehite] dd= & &

SF
[}
Be 8915 3 ARAF(EES), 2395

)
r e
2
e
2
o
>~ l.m o

x Aol A

&% FEA R JHEE WHESAT FEHA &
ot Ego| FEdH= FFLRI 7 ta A
2o]7] wZolth. &g AFolA= A AR
dERRE oz 3 BARY 58 Fol 4
PR FE BEAE ZFot] H=2, AF
7t A, vl T O dREAedE 9 A
A9 ARBPIEL QNS FFEE A &

o

=491 2023. 09. 22.
12 A2 Hed: 2023, 10. 12.
AR L 2023. 10. 17.

HnEH

A, &84 (2015). b=k ml=of] Qlof
3t od FAZ S A449 H|
A F Y 32(1), 133-145.
FAA, FA% (2015). A AT B A
S

El of

214 12(2), 1-25.
ol-fA, AHFA, AAE (2017). HiIFALS] At
A7Jo] F3t ikl mAl= F7F TA
& At E SHOE. oEE 7 32(3),
25-44.
olF¢, B (2019). 2ol Ao WA
2Ato] FetujEo mAlE dF: BA
3t 22l 4 B9 2dgyE
O, FYFAL 48(2), 341-360.
34" (2008). Gt M A mRRMY AfE
T FHgtel| et A s HE o
72 13(4), 23-34.
F97, e (2021). PEAFAHRY-S 9]
85 22Ql Fo] g3t fpo] njA
= VT A FYH, 38(4), 49-66.

B2, 52 (2023). F3t4tol it 224l
el 2kl 9 gk BA. F YA,
40(2), 125-145.

A, AN, 249% (2014). FAAAE: S5
Hat Jstatdel ] 8§ aEAE 7 29(1),
179-195.

Bass, F. M. (1969). A new product growth for
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model consumer durables. Management
Science, 15(5), 215-227.

Bass, F. M., Krishnan, T. V., & Jain, D. C.
(1994). Why the bass model fits without
decision variables. Marketing Science,
13(3), 203-223.

Chintagunta, P. K., Gopinath, S., & Venkataraman,
S. (2010). The effects of online user
reviews on movie box office performance:
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Science, 29(5), 944-957.
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Modeling Movie Diffusion Using Mixed-effects Bass Model:
Focusing on the Effect of eWOM

Youngjin Joo*

ABSTRACT

Purpose and Background: In this study, we analyzed the effects of a few key influencing factors, including
eWOM (or online word-of-mouth), on the movie diffusion. One of the main interests in many previous researches
aiming to analyze the effects of eWOM in the movie industry is comparing the effects of the two key dimensions
(volume and valence) of eWOM, but the analysis results vary depending on the data and models used for the
analysis.

As the use of secondary data, combining the movie box office data and the web-scraping review data from
online movie websites, has become more accessible, there has been an increasing number of studies attempting to
explain the movie performance (the movie box office revenue or the number of audiences) using those secondary
data. And the main focuses of those studies are the effects of the number of reviews (or the volume of the eWOM)
and the average rate of reviews (or the valence of the eWOM) on the movie performance. However, unlike the
primary data, where the researcher can control the measurement units of variables according to a predefined
research design, such secondary data possesses various panel heterogeneity and time series characteristics that
should be effectively handled by the research model.

And, in many previous studies analyzing movie performance using secondary data, it is a common practice to
analyze log-transformed movie performance variable and to apply a linear model, because the move performance
variables are highly skewed due to the exceptionally high revenue or number of audience of a few blockbuster
movies. In order to increase the explaining power of the research model, it may be necessary to analyze movie
performance variable itself, without log-transformation, using a nonlinear model. Some previous study has
applied the Bass model, which can be categorized as a nonlinear model, but relatively more studies have used

linear regression models.

Research model, data, and results: In this study, we applied the Mixed-effects Bass model to analyze the effects
of factors such as the number of screens, the number of reviews and the average rate of reviews on the movie

diffusion measured by the movie performance (the number of audience) itself without applying log-
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transformation. The Mixed-effects Bass model effectively captures the panel heterogeneity and time series
characteristics of the movie panel data. It incorporates the primary long-term diffusion process, an inherent
characteristic of the data, through the diffusion process inherent in the Bass model. The parameters of the Bass
model, the innovation coefficient and the imitation coefficient, with regression models, are explained by both
fixed effects (such as the number of screens, the number of reviews, and the average rate of reviews) and random
effects (represented by error terms). These two levels (Bass model for movie diffusion and regression models to
explain the Bass model parameters) are creating a hierarchical non-linear model.

In this study, we are using weekly panel data for a total of 118 movies released in the Korean film market from
2018 to 2021. These movies were selected based on the top 30 box office rankings each year. In the analysis using
the Mixed-effects Bass model, in addition to the factors of the number of screens, the number of reviews, and the
average rate of reviews, an opening week dummy variable reflecting pre-release expectations was added as an
influencing factor for the innovation coefficient and imitation coefficient.

The analysis results indicated that the innovation coefficient in the Bass model of the movie diffusion is
significantly positively influenced by the opening week and the number of screens, and the imitation coefficient is

significantly positively influenced by the number of reviews and the average rate of reviews.

Conclusions: The implications of this study can be summarized as follows:

Firstly, this study represents the first application of the Mixed-effects Bass model to analyze the effects of
factors such as eWOM on movie performance (the number of audience) using weekly panel data. This approach
integrates the estimation of the Bass model with the estimation of regression equations. Where the Bass model
represents the movie diffusion, and regression equations capture the effects of both fixed effects (such as the
number of screens, the number of reviews, and the average rate of reviews) and random effects (represented by
error terms) on the innovation coefficient and the imitation coefficient of the Bass model.

Additionally, the results of this study confirmed that both the volume of eWOM (the number of reviews) and
the valence of eWOM (the average rate of reviews) have statistically significant effects on movie performance

(the number of audience).

Keywords: eWOM, Movie Diffusion, Mixed-effects Bass Model, Hierarchical Nonlinear Model, Movie Panel Data



