=4 efsts) A duk

Korean Journal of Psychology: General
2017, Vol. 36, No. 1, 109-135
http://dx.doi.org/10.22257/kjp.2017.03.36.1.109

AEMAY FAHEALS 47 B AFsney =4,
CEPE R
273 AW 2R FsA e
VZrAThela Ale st duEtstn Ale ey}
£ d7e #9471 FEEA R (voxel-based morphometry)S ©]-§3k] JAEJUAI U] A
A AT AEIAY FAME Ae] Aed EAY tEo] #AE 3] mAFx Ws)t
& Yolrua £ olF Y8 AEHIAY A Ae = 18, Fd A 222 + 20

o

A 2k = 20, B 98 212
7F I Ry 2ol &
3 AEIAY S A

2. =3, 44 54 F 4

22/ TEHFE TF2A T1I S

3

=1

Sst] et

544«] dade AT O A, tixgjdo] vl

3} Az

0

RS el S R felabl e Al
Pl Al Apolo] wE

suzo] %)

Hsh= JIEMAY FAME JTolATh 25 & 3 Hajo] A, Jﬂi ¥ HzA 2
5 H71AAge e He A Ao 77 FHEQG B AFe JAHUAY FAb
S Aol A A Sed) BHE I F237 Hgo ‘JrE]' =S Bt AU
AN FAE AT 44 47 sid R ko] A B B Ao whe AEUA
A7t vk A 2 BAAE 9 28R A BHE TS AAR
FHo] : QIEUAY TR, EEA, EADIZIY WA R 2=z
* BoATE dATASS B AR WA AWM TR o2 E Aol S8
(NRF-2006-2005112).
o] =EL2 AAA 178 WAk AT =g RE 85 ATAENAS
t wAAR AeF, AAdstn A, 24341) AEE 2HA ALoE 1

E-mail: ekang@kangwon.ac.kr
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a
I
T

YAoll(internet gaming disorder)
) 24 oleie g An YA
%L(ﬂ.x-l 7<17g" s %)0]] 28314 Zst
2 #AE Holw,
e, 593% #
B85
2013; Block, 2008). AEIRAYZNE olshstaL
AAe FHA] G AR, FE A,
AA Qo Alg B4 XA Wl P2
S4e QoA e A7k WA 9
o QlEAY AN Alel E4el e M
A=l ofshd AdeAID NN et
= 58 &M et al., 2006; Morrison & Gore,
2010; Young & Rogers, 1998)3 %5 (Mottram
& Fleming, 2009)°] % &2 A2 F4]
o} FA= J5S BT ot I 99
= A7 Z(neuroticism), &3]3 (harm avoidance)
S & FA AHAX (Ko, Yen, Chen, & Chen,

D3+ American  Psychiatric  Association,

2006), AH=rFTHnovelty secking)$} 22 A4 &
ol JEMADFTEADANM A B
of, AeAYAN}t B 9 =Hh FE3
frartA Bl A2 P57 dEw gy

g Ay A= 7HsAE AAFSCHFranken
& Muris, 2006; Kim & Ahn, 2005; Voigt et
al., 2009). T AH Q7 AT (neuroimaging
study) = IR UA YA NI B4 AE 9 =u
T=9 A WAUSES FfekL Ee
Uetl= 23= Hasked, 5% FA
Al AEUAIDF o] A 7z 5+
E=9 BA S Z(reward circuits) 2 SJAFAA,
P oA 2 AA 243 22 Y Tse
Haete AAFHe] Aol AdEHL 3
(Braind, Young, & Laier, 2014; Hou et al., 2012).
Ao Z1AAd Jdeiel el Z1AE el
= o 28 AEHe 783 WS FH T

3+ EJF&] ‘XEQ’(Nestler, 2001;
Ungless, Whistler, Malenka, & Bonci, 2001). o]
He o oz vo e AT
(morphometric study)v= UE|AADZNE 7}
A AARJDANA Ad A (striarum),  FFA T3] A
(orbitofrontal cortex), SFZF S (inferior temporal
)73 3] A(cingulate  cortex),

EE—‘%%odoﬂ(somatosensory motor cortex) %‘9]

Ty ool 3wz l"i—f’—](gray matter volume)
Bl A5 (density)7F WBHE Qle& HAs
ThHong et al, 2013; Kihn & Gallinat, 2015;
2012; Wang et al.,, 2015; Weng et al,
2013; Zhou et al, 2011). <& E°1, AHUA
d = %‘J"/}"ﬂ/‘i «1/‘}7*‘;‘4 L 75’\1 x4 4
gt #dE 854, &ty A
1% @‘5\_7]' Xl S\’iu}(hn Dong, Wang, &
Du, 2015). AYEIAIAIYZNE 7H1 Had A
&S Yo E & AFdAE T A
o] g Au ZHAE BusEd, olE
Foo Fuid a7t AeAIYEN ] Az
Z9} BA 4TS BYTHWeng et al, 2013).
olgdt WHL 71E =4 FHA Hid
A IKBattistella et al., 2014; Chang, Alicata, Ernst,
& Volkow, 2007; Franklin et al., 2002; Tanabe et
al, 20099k FAFSHH, o5 FH FH T=
A Wabh olF AeelA e oA,
B% oa 0wy el BHelAe S5A

cortex), L (insula),

Lin et al,

=
LTI A 2
B

st AEAAA 2
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s 9] / QIEHAIY DiAREALe] 44 L Mgsieetd SA: ShA-T|gh Sef oA

T QB olglgel g Lk 42, B
AEUAY FAEANA olo} 2e T 7
Z Wl YehisAel dels gelxA

tolth = Aaly 2 AARH A3 AT
Hho. si7eo] Qla YA AES BHHA]
SIEUIAIYA ] SFAHLS 71A SIEIAIR

]
FAEANA 1A e AT ge T
&

Y B4o] EASHEA, EE AUd 54
g A 7AE 9E 7ol e
e amEonA ARG Wie)
71 Ao AATA A FAAKrisk factor)ol] T3
FEE de F dE Aotk

B dTelA AEUAY JJr/‘F‘-L Hat o
ZR S 7] FMd Ha zto]g Kol T
Fol Fldntd ol= F 7HA 7}%‘33 i
HE = Aok BA, ABUAGZ 2] B
getd ZAlE g B3 2 Y s
of #fst= T+ FFolA Hek zo7} AF
2 F Atk AEUAY FAE Fdo] I

BEE 2 ol gL 4

ST, 3 R4, Uaud, 5 na

£99 59 T4 99

(Hong et al.,
et al, 2012; Wang et al, 2015; Weng et al.,
2013; Zhou et al, 20114 3Wa B3|z}
AEE B4 Qo] o ToiAT e I
& % 3le Zolv),

= A
= ‘™

o]aﬂ Hix4 23 e ﬂ]
g=s} B g A

FAZ (severity) %

A A 2 FHo 7104%5} 5 Tz;m x]-o]

(Amunts et al.,

o 1997),

SAEUAN HZ & Bael BASE A
2% 2 77 AAe ol BREUTE
H1% ATKSchwenkreis et al, 2007). 2] 3
5 Q7oA A Fee) BAE AL 5
(visuospatial attention) S 2 HRSAIRE A
53 e 49 W4e wudlE S9n
(Dye, Green, & Bavelier, 2009; Green & Bavelier,
2012). olet frARRE oM v HAE IH
AR ThEs Sl Aol TARTE
sk Ha 1 Ax #d e g F
22 WstE 4o kel Atk AEUA
oA 7IRE ZAe) WA B FRoA] W

olgdhs =AY A F4& a3t
o

Iy

i o & orr oru
N
o
12
b
rir
>
o
oL
R0
i)
=2

| ) o]-8-A X usage time) T ﬂ““@
53 W3l A5 3t s BHY VbsAE
s B 4 Aty 53 HA JHUAYE
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Hsie QolraA ST olg 94
of wet 474 Sd3t T My 2y
WA 7 B Aol Hol: £ 3
2 ST dERE AHUAS Bt
& 3 47 S4o] M 5o}

e
o, ol EMAYgle] Aol 3T
MAE AZAERE A PF W)
g Zloltt. & F Ao Hold ©E
AelE B9 ARl AEIAD ]
47 B4 ABE A4BA ek ag

(risk-facton ¥ 7Fed< UERATE 9} HIE,
£ 9 mFolA ol Ag S4o] 54 ¥
W golo] s ) HEsl ARe wY
9 g 47 540 Aol BT
o] ztolE 44 5 AW AETH Y &
Aol o7t Aoz 7HgsiAls &otx 2 Ao
ot ol& AFs] #ste] & A=
EUAIY A Jibs tide=E Hde o

oA Hig AL #d Ae 5

B AT, AEUAYRes BeR 4]
AARA AAE dotns] skl Tl F

& 3 Jy) zpolg #EE ¢ e §
4718 A H(Voxel-based morphometry, ©]
&t VBM)E AHESEATE VBM 2 ARk
Fado) YT ROTAE, e Hslel
g we Wy Ba Holg Ao S
33 & = AAA EAHHo|thAshburner &
Friston, 2000). ©] WL TAZQ AAldES

Hol: o WHd A AW 3 T 7=

H Aolel, Hud Bu)E AvEoH 2
av paAn dePEss Aoe
2402 ol§H|E Wk F Sof %3
o] ¥ B (Ferreira,
Zanetti, 2011), ﬁ]’ﬂ—éﬂé(Beyer, Janvin, Larsen, &
Aarsland, 2007)3 22 EPA A3 Bl oy
g}, ZHH(Kubicki, et al, 2002), =3(Vasic,
Walter, Hose, & Wolf, 2008), ADHD(Mostofsky,
Cooper, Kates, Denckla, & Kaufmann, 2002) 52
S ez 3 g A7t £ T
z7# zpolE Huskal Q). T3 VBM 7|H
& RRAAAA Bole b JA TR
ofyzt 44 B9 JiQlatet dEE T G
g8 IR Flocalization)sh= H AFEH7|= S
t} & E9, T<FKim & Kang, 2013), 9
(Carlson et al, 2012), F&XMatsuo et al,
2009), 1213l F7]5(Dolk, Liepelt, Villringer,
Prinz, & Ragert, 2012)2] 7RQAz} 71A = F
H FEed SA4o] RiuFHa o I 9
S WHGiedd et al., 1999; Gogtay et al., 2004),
831 FH(Draganski & May, 2008; Lovden,

Diniz, Forlenza, Busatto, &

Wenger, Martensson, Lindenberger, & Backman,
2013)0l wE W3k ek AlE dotR
£ oUE 99 AL @ AEA
HAg B 72A Aolsh Hiel 44 =4
she BARE Yol sH & ATe) 2
of 33k EclE ¥ 4 ok
QoA B ATE VBM /e ol &
of QA FAHE BA AAHEIA 7]
A BAe ATttt A, AEUAY AL
23} BN Ao} ehte T gole
AsaA stk BA, 44 A4 Bstol
£3 U Ru) Wae HolE AE
A4 o] A B8RStz
2 AolE Hole Fu FoAe 7Y
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s 9] / QIEHAIY DiAREALe] 44 L Mgsieetd SA: ShA-T|gh Sef oA

=

Aok olFE AF FEEC Hile AL
A o] A4 543 5+ 553
549 #Hde ofslste] AEUA AR N2
2R A HoFdy AAY W YA
< FHske o F8% ARE ATY AR

Bl
T
7
B a7l JdEAY A Ad 181

(internet gaming over-user [IO}; B d¥ 222
A, sD=2.003% EZFT 20%(normal control
INCL ¥ ¥, 2124, sD=2.1)°] HZEHL
2 RAHYT ofdel 1&d = AAE
Salo] WAH oful AEAY S e
o WA 207 F ABUAIDES B T
AEe] w5 wEsA ot 29l AllHol
A3Ao% 1399 ARE AT, AH
WA AL Reke] A A, 417
el Yyslez oy GEs A @

< HAo] gloH Youngd| B F= A
S(Internet Addiction Test, IAT)S] HT 71550
A ool Felke 271 A7l ddelt
e AHIAY A e AR
ARH wgTFEe 7R, dHUAYE A9
&2 =ty BIE Aol Yol Auzgl
o 2199 al dazge A A
o] old AWFA CQlEYIALR Y] =& == A%
2 Bl 19o] ASlHT: B A7E 2]
A &E 9 ABlrp)] S-S R
W AT BA% 49 ARl )
& 4R B3 ARl Felsd

o foo o
e rln El

o
0[1

et MY 3 oiE 7|1E
B dys 7 g 23 A A4S F

sl 4% FelAE ARSI WA, il A

EEA A F7Ae Ad=E 23AY9 e

tista s 5o pede] E2E FaL A
olE RYFL, AelH AU Bl F AT
2% F Yo DYWL AL
A K F AUl BT Izl e A
5o me] 9, 8 AL AE B
of &3k Zakel: AY, WA, 5o AN 5
I AHIAIY T5F JIFESZdnternet Game

Addiction Diagnostic Scale, IGADS; Lee & Ahn,
20025 EFACE IGADS HEE SYPH=
of At 745 dF, FAH A AF, A
g7 =9 9 JA uJduA EAE =3t
= UHUAY ARl #3 AR F 255F
(Cronbach's @ = 0.93; Lee & Ahn, 2002)2.2 T
2dHo] Aok ol dEUAY AR F T
74 AL Lee®t Ahn (2002)°] IGADS ¥
T AFolA 2048l A ol H
XLy A9 20% FEOl SHGS
715°i sttt Wk QJIEUAYS A
=0l B S IGADS A% 474 ©]
AL dn dxFde s EREU
AZ A dA A= du] A EH/\]-
Z Kim, Lee$t Oh (2003)7} W Sh=3 <
HYl $= & S(Internet Addiction Test, IAT)E
A HAR AT AT HEe oE
w94, #4423 a9 g a]l
< Egshs UEY ARl B3 AE F 20
F3KCronbach's ¢ = 091; Kim et al, 2003)2.
2 A0 St AR o WHes
20~1008 2.2 1 AL Axpel wg} 3704
o] JAEUAREA} T5(20~497: Btol-8A}

= 633 o]

c
ok §o o Mz

¢

;@

r
lm o lo

rp

¢
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etmelela=lX]: et

50~79%: T AR, 803 ol FEDHL
2 FEIT Young (1996)9] ATlA AHE-H
71l wet oHl JAEAIY AR JTe
2 27" FAA FollA 1AT s0d olds W
5 A st e HE A
Aatrt. Ao AHUAY FHAE
2 1) IGADS > 674, 2) IAT > 5074, 3) &
AEUAHEFE o] AlYdeleh= 371 71+
BE SE2ATE A gAeE FAEEHU
RIS ) AY ARAIRE F 2% 1]
Tk 2) IAT < 50 AR 7es w3k A4
HAaeg 23 At b4 F QJAEMAIY
LG Feke] A
T A BT deHe
197)E 71¥S
Agto] A= i)

oo it oo (o

¢
f ol
)

- 2
olo

n

b

hu

o

ol

9'15

8

T

fu
to
r
P
o
=
ox
o
NI
S
R
i
N
S

0x
N
g
Off
I
M

N
iy
ol
< 0
N
ofN
)
o
fru
s

I S SR e s
N tlo of
_H‘ of
Y o
e =
td
>

of
o
Bror
e
X
mS d
)
>
>

o

& Agata, Juel A7)
FYSdT My 2ol
BA2RE A
NRHFF, T2 HE G AT FE
AN g, T

é:_
A el i RS F

o > i
>
o>
i)
b
>
[t

Q-

SAs7] 98l AR A B
1A Hxe I 23e o Zrh AA,
Beck(1967)°] 7HSIAL Lee2} Song(1991)°] Wt
3t Beck 923
£ ol &d dAY & T AEE 433
t}. BDIE & 21%3KCronbach's o = 0.78) 2.2
TAES Jdom Zb &3 g A=E 33

H
=

S(Beck depression inventory, BDI)

AR B A e 0~ eR S
ATt wer s & S0 A4 Zle
=T 5

= it 24, Ji]le] SEA
g7l el =W A A E(Korean
version of Barratt Impulsiveness Scale-11-Revised,
BIS-11; Lee et al, 2012)5 AH&-3T} BIS-11&
47 Az 307] E3KCronbach's ¢ = 0.78;
Lee et al, 2012)0.2 FAF o] lom <lX]

2 Z %/‘oq(cognitive impulsivity), +5 84

(motor  impulsivity) a8 A8 F=54

(no-planning impulsivity)2] 3+9] HEE E3Js}h
o]

I ATh AR, B digh JAE 9 A
ol gk 3]y 43 7iQ Ud AEE
Z=437] Y8l Carver® White(1994)7} 7]
3ta Kim3 Kim(2001)©] WS k=3 Y
843 2 FFHAANA 2 Z(Behavioral
Inhibition System and Behavioral Activation
System, BIS/BAS)E AH&-3I3ATh BIS/BAS A%
= 434 HAE9 ZF 205 Cronbach's o =
0.78-0.87; Kim & Kim, 2001)2.2 ©]Fo& 9]
om & BIS HEeF BAS ¥H 37H¢] &+
Ao g g3t BIS A=s A wAd o

oJu|Ehs FE(divey, MEE B4 2 ARA
O HAol & 4 Q= ARl Wit A 7
&S Yell= A0 FT(fun seeking)’, ada
B tig 7ol 42 og whgshe A

< %‘5‘}5 ‘E}\o]"?l%.w‘é(reward responsiveness)’
z3kstt) vl 2O 2 (Cloninger, Svrakic®}
Przybeck(1993)° 93 7idtd 71d 2 A4
Zd AHTemperament and Character Inventory, TCI)
E Il EESR = 71 2 44
ZAAKMin, Oh, & Lee, 2007)S AM&3lET 9]
%]

A 7o) 1A Axst 3Ae) 4F Ax

o o
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4] o / QIEUIAY DALSAR| &4 &

UHH 53 AE9 140 3HCronbach's a =
0.77-0.88; Min, et al, 2007)2.2 FAFo] ¢l
o 2 dFddAe ZAEH A5l did As
A iy A¥Ee AT F e 71E F
Z@1EH A=FFT(novelty seeking, NS), ¢
3] I (harm avoidance, HA), At A W7HA
I F(persistence, P)
oA W@ =ge| olFolAth 7 AEE 2ok
b, ASRTE Aze ATt BAH 0
g D]—A-]oﬂ 93] dEo] GAIJEE AHIRAYS
HebIe SR A9 o AL
@5o| oAsE ABHL 3%
8% ngolt Bl

Wie Z4sH aEe %4 7&5}7}
sy [e)

(reward dependence, RD),

\l

¢}

>

fr =2 = rE

HEE S (two sample t-test)

S AT AR HFS 918 spss 220
(IBM Corp. Released 2013. IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY: IBM
Cop) & AHEINLOT FAH FOFEL ) <
055 7]Eo 2 39T

LEE T2 e 5 A8 T1-
weighted 3D fast-field echo sequence”} AF&-E %)
el AetrEe v 2o, TR =
1900ms, TE = 252 ms, flip angle = 9°, FOV
(field of view) = 256X256 mm’, matrix size =
256X256X192, 1.0X1.0X1.0mm’.
ARl Tz Fe AAYRH A FAASES
SPM12 (Statistical Parametric Mapping; Wellcome

voxel size =

Department of Cognitive Neurology, London, UK)

NZHRSR SN Hul4-T | SE KT

A

aL
[}

I} DARTEL toolboxZS AHE3 Th29
olFoi . AA, /e HE =
(standard space)°ﬂ %‘@'(coregistration 3}
A ASBEE Fo|7] Y3 A Hanterior
commissure)®] G329 A FHFE(coordinate x, v,
2 = 0,0, 007} I== 2339tk A, =4
g Qe = e I, - (whice
matter), & (cerebrospinal fluid)= EZ3}L =
FE Qe AT AR, A
JE& EFFTKstandard ICBM gray matter/
white matter template)?ll TF= 12} 3 A
SK(spatial o]FoiFh U,
DARTEL EHtAE o] gst AT-542 &&
FHstudy-specific templatey = A A3IHTE A EH
pad 7 ele) Sud Qe o o
=7 mewel wRL 2% B0 A J+
e FHAT. FIlioxe) ol & P
5o g a5 JRE NEE 9
at7] 918l 22k F3F Atk AN A
ok H|¢F 2 (acobian determinant)S
M) WA Gl FHoh= M Z(modulation)
Hgol FHHJT. PAC R 8mmo] WA
Z(full width at half maximum)®] 7}$-AIQF 7
(gaussian kernel) S 3% 2 E(convolution) TS ZH
ol "é‘%ﬂﬁ}(spamal smoothing)7]' 3= Qo
ddo FHe Tl F53 AT ANE I
o Zh Fyapoxe)?] AT g2 WA )
AEE MG Mg Eo]l 2 /e
uid e Are JAGHESAA S5

AN
o

r{r

Ho

o2 N
fjo

normalization)”}

ol Jm F

2 o2
™ J}ru 1o

=

SERE L
A )
AN AA,
JAEAQ FAE Aot e 7k 5

WMz zlo|2 ] Ysle] =Y FE A

<ol
ola

&3

pul

N

A e E741 Asdl=
ol -

(general linear model)<

E2(whole-brain analysis)*“
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- old}
. =t

S(two sample t-test)= oSFATH o3 Ad A
o} Mol £ o] M 3lo] s
olgfe] Z+ A =AHA 72 A4} A]—jﬂ-l"i—/_\ﬂ'
2 ANk & A A R 3

} ALS % 17# BE(IGADS B IAT A&
2 SAHA] B, T2jal AE

l-ﬂ

Table 1. Participant characteristics

E4BDI, BIS-11, TCI, ¥ BIS/BIS 3 %)} #d
HAEA doprgitt =4, ool wet -5,
%%Aé], 7]1 E/H ‘:/] Alg] E/HJ,]. QHHQ
5 #ido]l g8 yehue 3
g9& ?f%‘%}] et FEA

olst ANCOVAye AAsIH. 7

AHEA] (analysis of

covariance,

10 Group (n=18)

NC Group (n=20)

t V4
M SD M SD

Age (years) 22.17 2.0 21.20 2.2 1.40 0.17
IGADS 75.61 6.4 31.05 6.0 22.11 < 0.001"
IAT 6278 10.3 29.75 5.9 12.30 < 0.001"
Gaming usage time (hr) 24.06 115 0.91 33 7.66 < 0.001"
Depression (BDI) 14.17 8.8 6.45 4.9 3.39 0.01"
Impulsivity (BIS-11) 72.56 9.6 59.20 7.8 4.70 < 0.001"

Cognitive 19.72 3.3 16.25 2.7 3.52 0.01°

Motor 26.28 5.6 18.80 35 4.89 < 0.001°

No-planning 26.56 4.1 24.15 3.6 1.92 0.062"
Temperament (TCI)

Novelty seeking 44.06 6.8 38.10 7.4 2.58 < 0.05

Harm avoidance 48.50 10.7 37.30 8.8 3.55 0.001"

Reward dependence 48.33 89 48.15 12.5 0.05 0.96

Persistence 39.39 7.4 48.85 10.6 —3.15 0.01"
BIS/BAS scale

BAS-Drive 10.78 2.2 11.70 2.2 -1.29 0.20

BAS-Fun secking 11.94 2.0 10.55 22 2.02 005"

BAS-Reward responsiveness 16.50 25 16.10 2.6 0.49 0.63

BIS 23.17 3.7 20.75 42 1.89 0.07"

Nore. 10 group: Internet gaming overuse group, NC group: normal control group, IGADS: Internet Game Addiction

Diagnostic Scale, IAT: Internet Addiction Test, BDI: Beck depression inventory, BIS-11: Barret Impulsivity Scale-11,

TCIL: Temperament and character inventory, BAS/BAS: Behavioral Inhibition System and Behavioral Activation System.

tp <10, *

Statistical significant at p < .05 (2-tailed), **

:p < 001 (2-tailed)
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s 9] / QIEHAIY DiARZALe] 4 T

T(Berowio and  Boopno), AT A4
AX) 7+e] 4522 Kinteraction term:
Buo and Aenoe EDT sHleH, F #4
QA FEAE ol tiste A %
[+1, —1} for B.o > PLenc contrast = [—1,
+1} for Bro < Benos AAISATH
AL me] 27] 2ol ME EIE
3t7] fl8te] BE BAAZA 7

E3] Zhtotal intracranial volume)= B2

o8 F7letith JilY T W 33b
ARE AAY 29 AN E2E 234 &
FAEd, WA Ha RE B
%‘8}04 °l& 18E(10em)3 F3F
- IEHUAIY AARE A iz
%1-4 W 3 Fae 47 158 = 0
* 009 LE ztol7} §ISlTh, «37) =
736. VBM £4¢] SAA 7|Eo=®

3

pad

™
ox L
N B

A(contrast =

_|_,
2 oft Hr R of of

o ot oo p® E oo A2

34, p =
AA Fxo i3 gdsHln JdFoE <l
Al 1F &7 F7HE SAT Golk FFe

family-wise error rate(©] 3} cluster-level FWE)
0.055 A &3t o]5 98] AFNI program
3dClustSime] ZHZIEZ Al E# o] A (Monte
Catlo simulation)2 ©]&3le] ©ola =7] 401
Ne FAsATH
4 74 999 3 Bort 44 AL
JEUALSS Ax AT 5 22
3 ojd #HPE Hole T F
7t2 EA4st7] AsiA freldt ®olax(cluster)ol
st A DY (Volume of Interest, VOI) 4
o] FHHJUT. Folao] H VBM AT Fhe
FZ )= MarsBar (0.41, http://marsbar.sourceforge.
nep’t AHEEIQITE vor ¥4 BA A5
SPSS 220 AHEste] o]FojHom FAA
T2 p < 05F 7IECE IHTE I
| 9 Aol it ZE3 et =A 5}

NEs SR SR 2Tla-vlu S 6

=

(localization) TS 18+  Anatomical toolbox
(Eickhoff et al, 20057} AHEEATE Je+ 3t
Fold Aolg wol WAL Aol o)
AT vor 245 st

% Table 19]] ZM Eis
574 ApolE Lofr
7] HoH SHEE « 4SS ¢ A, AHUA
o FARE o] tizYTEg AASA =

< 92 A¥BDDS BATE «37) = 339, p
< 0L 554 AABS-1DAAE AEUAA
HARE A dxAdrg fos =&
ATE “‘bﬂl H37) = 470, p < .01, E3]
AAH FE5AH &5 T oF9 HEolA
=2 749& UERRTE #37) = 352, p < .05,
137) = 489, p < .001. FAE FFAAAM=
A 2 AZpol7h YA, 437) = 1.92, p = 06.

TCl 712A=oAE JEUAY A HAe
o] tjzF ol s} A5FTFNS)et A3
(HA) AZoA FostAl =2 H4E B
H, /37) = 355, p < .05, 437) = 258, p <
oL WEE A= Haes FosiAl wsit
t37) = —3.15, p < .05. RFH ALFZ Ko
U ERQl A B A8 TIZAARD) A%
o theiA= d% Y Apo|7t WAEA
ST, 37) = 005, p = 96. BIS H=¢}
BAS-A 7] 3 Z*COHH% JEUAY HARE
o] izl Hlg) we AFES B
W 437) = 1.89, p < .10, BAS-5+% % BAS-
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«37) = 0. 49 p .63.

= 53, p < 05, AEWAY 3G Fol o
ZPuut YA & W olet U
WA HAHg Hekel A F Qe S5

7 =5 A3 Aol o =y
H16) = 59, p < 05. TUEL H2 AEHUA

9l FAME Fho] thzF kel HIE] BAS-AIT]
79k B AR ¥4Uh fonE Aols B
o]z ko) QIEUIAY FARE Ftho) A

IAT A% H7h 2 RIS o] BASA
mFT Aol FoHlstAl =R /16 =
52, p < .05, BIS HZo|A Fu|stA w&
A4S Bk (16) = 49, p < .05.

VBM A3}

1/]'3'1/1":]'(T21blf.> 29}
Figure 1). % P:rL-‘ﬂ Aol SAA B
(uncorrected p < 0010 2o JAEUAAIY AL
ol e e w2 ke
U UeRE S402 # £ A% o

H{16) = 01, ns; 9T «16) = —.14, ns,
IGADS: FHHF #(16) = .35, ns; FRET #16) =
— 06t AY AFEAZHETT (16) = .05, ns;
ST H16) = —.11, n)S YA +FHA
3 R F7kel obd weAdo] fiith

g AEHUAY RS FEY BE A4
A= P2k &E5FgY Iuid Hy

A
7F A=} FHsATHal p > 05). dE &

Table 2. Brain regions showing difference in gray matter volume between |0 group and NC group

MNI coordinate Stats”
Seed Region R/LM BA X y z T Size
10 group > NC group
primary motor cortex L 4 —36 —35 71 5.10 580
R 4 42 —29 60 444 2397

10 group < NC group

n.s

* Cluster-level FWE corrected p < .05 (k > 407), ¥ italic, uncorvected p < .001. ns = non-significant, 10: Internet

gaming overuse, NC: normal control.
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Figure 1. VBM results. Gray matter volume decrease in bilateral primary motor cortex (left: MNI

coordinates x, y, z = —36,

—3b6, 71, t=b.1, cluster-level corrected p ¢ .05;

right: MNI

coordinates X, vy, z = 42, —29, 60, t=4.4, uncorrected p { .001) when comparing 10 group
relative to NC group. Right: The background image is the gray matter of tissue probability map.

U (16) = 21, ns; $HEF (16) = .18, ns),
& HAFEHME (16) = 37, ns; HHFE «(16)
= .03, ns), TCI =0 AF 3] EFHTT «16)
= .19, ns; TRET #16) = .17, ns), AFFTF
W /(16) = 23, ns; $HEF (16) = .23, ns),
a3 AWHEFT (16) = .05, ns; FH
n16) = —.22, ns)3} o3 FAAAE HolA]

skt

o
it
B>

(cerebellum; lobules
VIIB/VIIA)S A3 THTable 3). 432 VOI
Pl AR F ol A

_E'_
FEH ATl BE AAYSE Ao 3y
ZA] J_?L A

ERd WHA, «(16) = —.57, p < .05, DIZF Tl
Me T4 Aot 3ud Fu) 3 Bl
BAUT, (18 = —31, p = .19
(Figure 2A).

¥ UEAamygdal)2t 5 2714
(precuneus)®| A= BAS-R/AT AT Hde] &
o3t AsAg a3 HEATHTable 3,
Figure 2B). H=AS] voI £40of 25t tix
Heroll A B smd B 7 {9
g o] gle AR 2, (16) = 18, p =
43, JENAIY FAHE Feke] 75 BT
ol 2 /RIYTE 5 HEAY A

-~

4

=TE T U= S
) S YERH, (18) = —.63, p < .01
(Figure 2B). #7184 9] vorEAlolA SIEY
AY FAHE Ao BN w& A9
A5 N Ry A4S BHIJOH, (18) =
—84, p < 001, HEFT] A¢ T} W=
RAgHZEde] slud Rajol fofdk A

HAAS BAY, (16) = 48, p < .05.
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Table 3. Brain regions showing interaction effect between personality scale scores and group factor
on regional gray matter volume

MNI coordinate Stats* +
Seed Region R/L BA Interaction
X y z T Size
Impulsivity
I0—/NC+
cerebellum (VIIIA,VIIB) L —27 —50 —42 4.85 1204
F134) = 822, p < .01
BAS-reward responsiveness
10—/NC+
amygdala R 28 3% -3 —23 6.26 686
R1,34) = 10.52, p < .005
10—/NC+

L 28 —3 —3 —23 465 5787
F(1,34) = 9.73, p < .005

I0—/NC+
F1,34) = 3599, p < .001

* cluster-level corrected p < .05 (k > 676), ’ dtalic, uncorveded p < .001, 10: Internet gaming overuse, NC: normal

precuneus R 5 12 —42 66 5.92 1002

control, BAS: Behavioral Activation System.
*signiﬁcant interaction term between the personality scales and the group factor performed by ANCOVA; 10—/NC+
represents contrast {—1, 1} for regression slopes B.i0 < Brnc in ANCOVA.

A. Correlation between GMV and Impulsivity B. Correlation between GMV and BAS-RR

tvalue
6.3

tvalue

y 5.0
[ Cerebellum
S -

\ Precuneus
/

N N
e\ \
T ox=-27 33 ~ x=12 83
.70 I .56 1O: r = —.84"
] [ ] P .
§-65 g 5-52 NC:r=-.48
3560 3 3548
2 55 > 2 a4
o Q - [N
g.so § . E,w
>.45 - >.36
o o o
.40 Q- O .32 P
35+ 44 28+
10 11 12 13 14 15 16 17 18 19 20 21 10 11 12 13 14 15 16 17 18 19 20 21
Impulsivity BAS-RR BAS-RR

‘ @ |0 group @ NC group ‘

Figure 2. Brain regions showing group-specific relationship between personality trait and regional
gray matter volumes.

A) Impulsivity trait was negatively correlated with the gray matter volume in left cerebellum only
for the 10 group. No such correlation was found in the NC group.

B) Left: BAS-Reward responsiveness (BAS-RR) score was negatively correlated with gray matter
volume in bilateral amygdala in only the 10 group. Right: BAS-RR was negatively correlated with
the gray matter volume of the right precuneus in the 10 group whereas positively correlated in the
NC group. * p< .05, ** p(.001,
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= 9

B d7E vBM 7S o]&ste U
Aol AA3NFEEZH 7] Al(neuroanatomical
correlates) & TFEELAL SFATE JAEUAL
el AET ALUAY g AL o
gom T WATEA AolE AZW A%
QQEAY e AN B2 e
2 B4 e Ajlin YAeEnds
4 27 7Eo) 9lee WS
VAL BT 44 5o
4 g Bag A3 2BAT pasHA
7 47 BRolA Fx S wvjge) B
Wao] Adel met gel uehbs, 2 fo
3}

oo X
oz go

ol
>
o 1ok

¢

d

AEUIAY HAHE Ae] Ae 54e &
HE Aie YA FAHE fde] 71E
et 5 A7olA Bud fARE AdE
BE TR Aes HAFT dF E9
AEUNAY FHAHE Hdo] thxzdol Hls)
S 2 A% FEAE Bis, o
71E8 YA S-S tdew 3
%5 (Mottram & Fleming, 2009)3} $-2(Ha et

al., 2006, Morrison & Gore, 2010; Young &
Rogers, 1998) A7 Ao} dX|sh= Erlolth
T2 JHUAYH N Mg £3] B &

e T AEOZE(Kim et al,, 2006; Ko, Yen,

%S|

—

sl
Jpm

A 2Ola-7|e g 6T

Chen, Chen, & Yen, 2008; Lin, Ko, & Wnu,
2011), &% AFgelA Uehue w2 AR
ATIAL = ST dEA ARSE =X
SHCHYoung & Rogers, 1998). S84 oFEd
S{(Kreck, Nielsen, Butelman, & LaForge, 2005)°]
U =EE SN, 200485 ofuEt JIEU F
=(Mottram & Fleming, 2009; Seo, Kang, & Yom,
20090S S7HN7IE FHeF Qlew AIEL
Ak =3 JEUAY IS FHDelA =
2ol BASAEIRT 9 AFET
4 5A5e ok d2e ) 59
49 5L e AYNE DU BAol
g1 ¢dH A EA S| THFranken & Muris,
2006; Voigt et al., 2009). A Xé*‘](negative
emotionality) & A gseE AEE WYsleE F

SAA, & TCA-183T HE9} BIS FHEZoA

2
9
il

Mo
oX,

0 o @l rlo

= JEUAIY AR ol tizggel H
3l =2 HAeE BHivd, = A8y 4
e $e%0 99 aflem AvEn
(Pelissolo & Corruble, 2001; Pezawas et al., 2005).
EH Be BA AN B} $8 2E
2 5o 7 AAAA HloAuA F=
w4 geEE 22 90 £ 50 9%
S F= ZoZ <A JYThMcCarthy, Curtin,
Piper, & Baker, 2010; Miller, Vogt, Mozley,

Kaloupek, & Keane, 2006). ¥ 7o) WAL
AEAIY A Heto] 7]&e] g F
Zo] g g2log Ak Agd HH &
A& 7HAL Y55 AT

tol

QLAY LS

—

k!

2 Sl

EEEE

i
F
2
1=}

AHUAY G Feko] SRS Frel
@ Sud Aols wel i GOz §9
A F= AeFI o] WAHU
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AL FARE HerollA xR el Hls) 39
2 71 e B 9L Evte At
o AN T =2 2AHE B &
BAS 93 I Y Eickhoff, Grefkes, Fink, &
Zilles, 20083 FARE F3xo] x| AU
2 AT e B 2E2E AEE UL
A NRJAEE, Jd 1 & A AZpold &
FEFE FAEHAJT AEUAY A HE
ANA BFa JIHUAIYS A8 344 &= 71
2 749 dx9He Aolrh ke
YA HEE AL 4F 7158 T Q)

o Aot} JAEUAY

AY g o] AASAAN Fe
2 2= AY #3224 43 A
Aol 130l BE FROERST

TYAYL 39, 7Iek 2%l wls] destA F

ARl A fEo] Ee Tk 2%
e 7lEe] S7EHE AYYS 1EEd B
Aol B Rajof Hok 3F Aolrt & &
A ddd JhsAol A olF dide
& AHgshe o] ¥F3He WA F
t € 5o < Wl JE 97 2%
(Amunts et al, 1997, Draganski & May, 2008;
Schwenkreis et al., 2007)° TAS} =3E <l
HUAYSES tdos Fa8e Ty S5
) %;fz]/‘é(homogeneity) ARE o]g3] F+ 9

714 T AWE ATl dHIAIYH

N
S
i

¥0, Fob
e

dlo

o FHgo] S7HE dee Bad bk 3l
r4’(Dong, Huang, & Du, 2012).

2 B Aol A3 eEwdelA
A8 0 o) 7k QEUAY AL A
Zrol} AEHALES Hxe] Hoe} By
of GTHE He A%t 2L dAg Folsop
& Wede Adan dAessde) I
A Aol7k AY Agem AR ALY
Q) TAgol whe A3k o AEAIR 3
Agel feles A8He iAol Atk 2
g S Y 308 AY F-(©l, Super
Mario& AZ1 A% WA Wsts 4 o
ToME A4 9 el 3w R
H37 WAEA ZUTthKhn, Gleich, Lorenz,

Lindenberger, & Gallinat, 2014). <, < F4s

gRshs U3 &% 9Yo) wkd 2ol
AEUACIN WE & gHde] 53
o1fl golgo] IE FolF Aol o B

al

.‘__’—'_
B s 29l0F 44398 & o @
AZE 919 F AsAe BE Tejslor @
Ao Eri.

B A7 AHUAY HARE FHelA
& ATl Hud 44 Edo] yehd A
g2y, &9 9 gE T FHodA
2 Fy zolo] FAE HAHIA EEA.
B a7y 23 e JEAYENE o
dog T AY AFeA B 9 1A FA
o #ojshe T FHolA WA Fu) Wz}
(Lin et al, 2012; Wang et al, 2015; Weng et
al, 2013; Zhou et al, 20117} Bag A8
T Ads} AolE Hol=d|, old tig E 7}
A 7FsAE ALs & ¢ Aok A, AEM
Aol =7] 11—4_'73"(early stage)oﬂfql‘f 3|l
2 Fyg dEe AorE g§AH7] oY

o WA TEA AgE dojge & gtk

=
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[ L =

ro
i
S,
X
jelod
o}
=
lo
o
ot
fo
o
=
"’W
>
g
o

= A JEIALF
9] Al A REHA Zt?‘(predisposition)ﬂ] 93l
JEUAIDS] A4 F5 23
(consequence)©l|] 2|g+ Wsle} AHF F2ZH 2}
ol WHHA XIS F Atk =4, v
A8 A4Hong et al, 2013; Lin et al., 2012;
Weng et al., 2013; Zhou et al., 2011)9] 7 0]
AaES tdeR d5HAYE HoA 2
AT AFst zolE HAUS THsAol Sk
Aadrle B3 9 571k dud 7 99
oA WA Wyl dojus AZIE FF0
gk ﬂ%*é(wlnerability)ol % 0}A M (Chambers,
Taylor, & Potenza, 2014), AR} FFO2 QI
& 23 WAl O Ees depts Ao
2 4A UTHPotenza, 2013).

AW

QIEAIY AL TEtel M2 SA s
A 2u 7 PN SN BADIAY

JEMAIY FAHET FEd AEld FHeks
Q1] A FEA 7] A(correlates) B B4 8L
At AR HES 53 g58 44
Aol sl 3w Rujele] AR H
ztolg AT A7, $548 2 BAS-EA
4 AZoA JAEUAIY FARE Fdel
AH o= 3w Ko} 4Hs Bl T
< BAAT WA, AEIUAY A
A ALY S48 A=} HlEste Ay
o 3juid Fu 7k UERd W oz
o] A A¥e] WA Rujrt FFAH

o of Jm rH

fe=]
=
s
K

moe 2

o

™

HHAAS HolA Fidth &M= 5
2R3 Alo] A4S k= AR dHA U=
Hl(Kim et al., 2001; Makris et al., 2003), &2
g5 FdEY Hiuxe FYor|z stk
(Moers-Hornikx et al, 2009). & &9, WH&
A TE& ZH3E GoNo-go HAE T3}
WS AE AEd =AM =
H = H(Steele et al., 2013), 4>
7h &89 SAE0] s Al ol of%
R Q1T Tanaka, Harada, Arai, & Hirata, 2003).
3k 7ol (obsessive-  compulsive  disorder) =
o =5A AES BO|=H|(Grassi et al,
2015), 439 3 B3] ZFA(Narayanaswamy
et al, 2016)°%F HF-71A-4H
(fronto-striatal-cerebellar circuits)®] FAA £
EA O Z 3T Anticevic et al., 2014). ©]#F+ A
H 7ls A FoHEy AJATEl
A7 ZIAE ALEH = FTHVaidya,
2012). 53] S2FFRN HdolA Huss
< 55 AHE BT Aol Ut B
1% vl UTHErsche et al., 2011; Jung et al,
2014). AYATE TS o, ¥ 79
JEUAIY HAHE oA ddd 58
2 FHd B 7k #E8e A9 &%

A 2¥)

Lo

s oAl 7Ise &4 dF-ad EY
7% ZA%HHu, Salmeron, Gu, Stein, & Yang,

2015)°] RBHgE AAE & F & Aotk
HUALZ NN T8 T <
Aol B Aoy bEs g
T AIKDu et al, 2016; Kim et al,, 2015)¢} O
ol AHUAYH N S587 HA" 54
ARl A% Ags A B AT e
AN T4 B5 B2
A 7159 A #A-EH Ud5S Al
=3

> E e g
kool T
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Aol A 2k AolE el He FHEe
ol ol Yol AEyAY Tt
& Ave A9 ByNggel ¥e Y
% g% HEAS MY Rlsh wgo] B
AfgEd, ols AT o Ay ATl
B3E PRI HEA ] G} A

oA A5E A o] AEE F I} ¢het
AT el dggtozn By = 2 H
Yo Hdosl= Ao AHA UTHGottfried,
O'Doherty, & Dolan, 2003; Stuber et al., 2011).
T5 ATME A=A F7IsHE F9o 7]
o] EAAe B FF e FdH 3
o] FE38}1 SQlThStamatakis et al., 2014;
Wassum & Izquierdo, 2015). 53| ¢F& 5 F
oA HEA o] 3ud Fu)7h ZaEe] 9]
o] HuEW, HEAe Fy e AHEr}
= o=l i 2% F7keh #Ho] YU
(Dager et al., 2015; Makris et al., 2004). ¥ A
Ads AHUAIGRN Hdollx Ao 3
B2 g1 HAE BudE APATKo e al,
2015)%F YAsH=T], A AFelA voprt
Ao 3 Agte] B U A4 54
I AT #Ho] e A& HofFa ok
B A7 deuiAIdgR et ddE A=A
74 F8HA Apole QAEUAI YAl B
He JEUAYA i B AT FFY
A7b H=A e sjRsta Ayt #dd T}
4= AARITL

A=A HEo], AHUAY FHAHE e
o] BAS-HARIZHIF A ko] #EAo]

dlo off o

¢

off Mg me > 7

1 e 32

H71AaQolAM BEHAY. H71H
dsh gl v Foqof AR FH FHow
HH RS Fals T SEhbE A
B 990 Z(Hagmann et al, 2008), A Ul
A A, A 71, v Ade T A7)
} 2 2] ) (self-referential processing), 719, A&
Ae] & o 15 AA Vsl AT
O YA YtCavanna & Trimble, 2006;
Northoff et al., 2006). T 271Gl 3k
el A75Sato et al,, 2015)9A4= #H71AALH
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F7Fe JAEAIY A F ol AT BAs-
BN BIS AT M ke & AF
ABBAGc = 54, p < 057F AP HE =
od Hovl ok H=Ale 98 A=S ¥
Astal H2 A Al Hofshs Ao® &
HA FYol7|= S}thLeDoux, Iwata, Cicchetti,

- 124 -



4] o / QIEUIAY DALSAR| &4 &

=

& Reis, 1988; Phelps et al, 2001). & A=of
e AEA S &4 ztol7t Ji/Ie] A A A
4 A Z(Davidson, 2000y} o] 9l EF
g 7H ARlEe] HEA IHd Rajrt
sl Joks R1% YckMilham et al,
2005). 3 #7|dAQe] WA Rajrr )

&
B} Q) THFuentes et al., 2012). ©]& 1L
JENAY HAHE el TH"
7149 548 BASEAAUAAF BIS,
T AlE BA4ol BF dE The s A

ok
B AT BES sMske vl 2 A 1
B ol ok WA, & A7= ABIAY
[©)

I BAE M 27] 4 G e
2 @ A7, B 979 24L nE A¥F
= ool Aukskahd] ofelgol Utk

UA =old Aol wWE ol i, 4
He Fxo Wyl X 9 (Hoeft, Watson,
Kesler, Bettinger, & Reiss, 2008; Mann et al,
2005 % F FEF  7]A|(Takahashi, Ishii,
Kakigi, & Yokoyama, 201D = F23% 291
o7 uHdEn 53] oA AEIAY 71
kel A3t xpo]E RO|M(Ko, Yen, Chen,
Chen, & Yen, 2005) TF2 F39 AHY A&
(o, 3, sN9)ol EAE E<IThHeo, Oh,
Subramanian, Kim, & Kawachi, 2014). &4 A
ANA Ad Hos iR B A7 s
HEEASSAL A ApolE 'E4e) & HAY
At =A, & A7oIM AR AT HEe
JENAL RN A2 A=E SAs=H M
gy o] &HI e AIEIA AHZo|A|Rh
JEYAIY AR el o
QI Aol oA AR

al, 2014). AY AHBAIRES SA8A BarstA

g Hol: Agol AHUAYZHES Mol

THBakken, Wenzel, Gtestam, Johansson, & REN,
2009). ¥ AFA AT HE9} 3w Ho)
dede Hole 7 d9e jld A <
Hul HAbg fee] eevd 3w Hort
AY A AR fFojud Adde HolA &
e o] o] A AHE Tl 3
o JAEUAG RN BHE T2

& Kwon, 20165 ©|&3stAY 2149} F R}
2 T AEEe Hug oA uwdh A

¢ Yot stk ¥ AT g 2%

= =

sk, tlagwel sl EUAY g 3
WolA A Fd ANE VRS AT o
AAE dAeEude MY B3 W
TASNE £, APAY FAE BAE
42 AT S BAS-HATRA T
e 4Ed S4E0 AR Ty 5
BEMA 53] Zayn BAH Yge v
F3 gk AEWARINe] Aol A
S ode alpete B4e o & v wd
o AEUAYFle Wel WAUZS olshs
so AR Ao oF FEAY
AR HoF plow Teldelcl Fe
AMSHE Astelth Uob} B AF Ashe
e 47 SAAERY] B3 AEA 24
S AEUAY FEEEe dBHoE
ASIE RIS 2e 5UT 44 53
2 243 Aoz sk ol U o we
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The neuroanatomical correlates of personality traits in individuals with internet gaming overuse were
investigated using voxel-based morphometry (VBM). High-resolution T1-weighted whole-brain images and
questionnaires measuring impulsivity, depression, and personality traits were collected from 18 young male
adults with internet gaming overuse (IOs; 22.2 * 2.0 years) and 20 normal controls (NCs; 21.2 £ 2.2
years). We examined 1) the regional gray matter volume (rGMV) difference between groups and 2) group
difference in the relationship between rGMV and the scores on the psychological tests. The IO group
showed greater rGMV in the bilateral primary motor cortex, relative to the NC group. Significant
interaction effects were found between personality traits and groups on rGMYV, showing that the IO group
exhibited negative correlations between impulsivity and tGMV in the left cerebellum, and between reward
responsiveness scales and rGMV in the bilateral amygdala and right precuneus. These findings suggest a
structural adjustment in the motor cortex due to internet gaming overuse, and structural abnormalities in
brain regions associated with inhibitory motor control and reward processing for individuals at-risk for

internet gaming disorder.
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