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

|m
X

AHIAY HAER] 44 BA A na
B34 7% FE AT

re

- -2 W (voxel-based morphometry)S ©]&3F] STEJUIAI YA ol o] =]
H2l VA FAE ATl AP B3 o] BE Nudel w7 W
otz ST ofF fAs) ABUAY HAHE HGe = 18, B AF 222 = 20
At dEzHGe = 20, B 9B 212 = 224)9) WA= T2 T1 Y-S 56t
2 S 0w Aol g AEHL 47 BAse] BELE 2ABNIT. 1 A3, thze]
o QUEAY BAE Pee) FE ALE Be) A 237} felabA Ache Zol B
AR T3, 47 52 2 2B NP A Holo] }E ] sue] )
Bk A SAE ATl 33 2 s o] 2he 19 9 NEA ©
2 AL SN Ra e APoz 27 BRYAG B ATE ABUAY BA
87 ARolA AY BT} BAR QBN Ae TA g0l ehte s nyink ALYl
A FAHE Fde] 44 E43 A R 7te] A #3 & A9 3de JAHUA
W7} WS A Bl BAARE|e] AR Ak ddE TheAS ARt

rir
-z
h=)
Ive
N
rII,
ool

M & rle
=)

)

O{N'

o 1

FHO : HUAY A, BT, 2L, 3UE fuf 230H

» B ATE ARATAVS B vlehgaAsRe YRSARs ARG oY AUwel +45
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o] =R ANAA A5 BN AT =EY YRE 2
t WAAR. ez Aausty AEd 04341) FEE FHA 70*1EH3*7‘
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QA YA Ninternet gaming disorder) T HF
Broz A9 Ao oEes Am AAA
2018, A%, S Fol AeeA Zahe o
T4 EAE HolH, JABRUAY &3 =,
WA, 93 2 93 S8E vehie
7395 U3 THAmerican Psychiatric  Association,
2013; Block, 2008). AVEAAIUZNE o]sfsta
Ae A % AEE, 3E A F
B3 g9l AP 54, A sk AE
E4E QopuIA B A7) WAAD 3
o JAEUIAIG A o] A Sl B3 A
ArEel ok ABUAIDGNANAM et
E 5L $2MHa et al., 2006; Morrison & Gore,
2010; Young & Rogers, 1998)% 3-&“d(Mottram
& Fleming, 2009)°] 5 & AFFH FX
o} Ao} JSE HAFa Qk I 99
5 A7 F(neuroticism), &3]3 (harm avoidance)
S 2 FA AHMX (Ko, Yen, Chen, & Chen,
2006), A= —r?‘(novelty seekmg)ﬂ' gdo A E
o] JAHUAIDTHFATANA =A By
of, AEUIALZNE &2 B =H T5H
APl el e ey ddd AW
g] A3y AA=E J}5AE A A TH(Franken
& Muris, 2006; Kim & Ahn, 2005; Voigt et
al., 2009). T2 A7 G4 A THneuroimaging
study) T AEUIAILANF &4 #d @ =H
T59 A viAUES FfekL Aee
Uellle A3 Husked, $5% Ak
Al AeAIDZ o] ez 7z T+
S RA; S Z(reward circuits) Z SJAFAA,
FF oA 2 76]/“] 243 22 Y e
ggshe AaRdel Agel AusHn dn
(Braind, Young, & Laier, 2014; Hou et al., 2012).

AL 71AAd deel BEd ZAE gel
= b gy AHHE /83 THE 7 T

1

4 4 E4g Avns Zolth My
FES AAY FEAN e FEAS
= Mg ) g6 o
o SEE
oo Fme] WA
23] W Th(Nestler, 2001;
Ungless, Whistler, Malenka, & Bonci, 2001). ©]
43 welo Usow oo Py AT
(morphometric study)= UEIAALZNE 7}
Z JNQlel A A ZA(striatum), SFFAF3] A
3= (inferior temporal
th A+ ?—-_](cingulate cortex),
B 285 % H(somatosensory motor cortex) 5
Fx dY9] M HEI(gray matter volume)
2 U S(density)’} W= O] S HIHA
ThHong et al., 2013; Kihn & Gallinat, 2015;
Lin et al., 2012; Wang et al., 2015; Weng et al.,
2013; Zhou et al, 2011). “l& 01, AEHUA
o 5 HdlA 9]4@7?, L P s |

(orbitofrontal cortex),

cortex), E(insula),

P9 pan S2EY, w gamde) Suy
a9z 7rAav) Eiﬂ?}ﬂ'(hn, Dong, Wang, &
Du, 2015, EIALENE FH Ao A
B2 O @ QTIAE QoA
£ S ) 2ag wuslE), ofF
Felo] Fud Rais) AEA RSl 47}
Z9} BA A4Hs BY ‘:]‘(Weng et al., 2013).
olygt WHL 71EY =4 FFolA Hid

A I Battistella et al., 2014; Chang, Alicata, Ernst,
& Volkow, 2007; Franklin et al., 2002; Tanabe et
al, 2009t ARSI, o8 T 9 7=
o Wik ol R ek o4
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2z of / QB TSRl M2 R MZEHSEN SH: 2lav e Hef 917

(I

At BAE T Fusy WsE gokn
stek. 712 AEUAYF) ATEES FE
Aol WA AL TAZ BAH F
o) Maa AT AYS PPOE 3 S0l
o 2 AHUALE B Ae mUiA
% QB ofelgol gl Yut 42, F

[NEUAY HARGA A olo} 2L Fxf T
W37 YehdeAdl tejMs A
&t 5 A g AEH A9 g
e Ao gla AgEd Age shEA
JEIADE N A 71 AEA
FAEALN A 18 A e AT E}%
¥ o] EASEA, wx AeF
e At JAt b ks
e AviEoA AeUAYFNE
7] Ao A7 ABARKrisk faceor)®] T
YRS AL & 92 otk

B Aol d QAeAY g Fes o
zte) 3w R Aol g Mol F]
o] AT o]t F X HsAe 1
@ % gk WA, AEAYgN Wely

34 sz ded A 9 99 s
of Bolshs T FelA A Aol B
AEYAY FAHE o] Uy
o 2:11;(] o_l—];iﬂ_}_ o]]:ju]ﬂ]
OIS Yoz 3 /dsg ]
H 3ee) 7

BN

&

==

S

[¢)

ox

m;lz‘Jlm

r_\: r_>|i 30, o,
o o rlr & 4 o

3}
1__

i
ftlo
I
o -
At
n-{o

2o e

Y T YYHong et al, 2013; Lin
et al, 2012; Wang et al., 2015; Weng et al.,
2013; Zhou et al, 2011014 3WA Fu)7} 7
28E WA Qo] olFoiA 9
S CLAC LB
=

AZF Y (severity) A=} Ho] &

o
=

Al

A

dlo

o go Lot
i ol o ljw—‘

tlo rlo

2 2 A AAI Dol
AF 53 g8 F50] FHe gl
Holgh= HollA AU

[¢)
) AHgT e ERO F1% R ol

A =
& 25999 Iy Furt F7hE0 3
M(Amunts et al, 1997), AT HolSd
ASAAN H2 £ Eaol el QA
£ 9 A7 97e) Gl BRRAGE
1% QTHSchwenkreis et al., 2007). <& 3}
5 Q7oA AY Fe EAZ B 5
(visuospatial attention) T H WRSAIZE A
59 2o 4 e RIS U0
(Dye, Green, & Bavelier, 2009; Green & Bavelier,
2012, °1% FARE Wetol A AT A olE
WAYY] = Falo] AANY FALANE
TRkl Ha O A3 #d 7 499 T
274 WstE 4o JhsAel drk JEYUA
Jol M 7]1HE z2ke] RIHA 51 sprol A w

o

42 %7

& 5ol #AAse &%

2 Aelel Bedais £

2 2 oz o3

% BRA AL rz@ e A ws
[}

i o & orfr e o
i
of
12
b
rlr
>
of
N

2o W AT 0 ARE e FSAE
AZ3 2 5 Aok 53 Fa AHIAAS

T A Ao AR ¥ T2A W
2 07 94T & e Aol
AN AEUAY R 4
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sHAlelEElAl Uit

98 shsAe dolnaat ST olE 9l
Agol weh 47 Edn o Hud Y
HA 7 BAAe] Aol Holt T 9o
o BARGT txdws AHUAY F4
& Feeld 54 44 S4o] ua Hje)

e T2A Wi Qo] N 2 e
o, ol QlEAAAele] Hde Jae
MAE AZAESH AAsh QHE Bl
e Zolth 5, Fx suel oo we
A S Ffelstelrt IEUAY )
47 E43 Aud Asd A el

< dehig. 9 vz,

F Ad
S gejo] s By Ywe 4B Boln
B A 7 A7 EA] o)== AFE s

O, % 5, ¥A A, By Ay 5
ZAse] T3 M Rrjsle] BAHL
[e]

B AT B9 HRera golod e
U Ao dgHel ARSE WAl
UL AT, A goRst A A
AN AAE Fokis] st} Tl T
& 8 ) GolF BRY # 9= B
2719 FEEA R (Voxel-based morphometry, ©]
5 VBMS AHESIIT VBM HIE AR
2ado] YA eHAE, e ¥l
Y me WA 2o ol g Ao 4
st = Qe AA Ao thAshburner &
Friston, 2000). ©] WH-E WA AAAES

L \_.
Bolt 9 HBst B¢ AY 1 T T

H

2 Apolell, WA FIhE H¥FoEA A
3 ddd geFued dde s
Ao olgHr|E It} dE S50 ¢=d)
O] ™ H(Ferreira,
Zanetti, 2011), IL]';\'_]*"’:\“Eg(Beyer, Janvin, Larsen, &
Aarsland, 2007)3 22 EA g Bul ol
2}, ZEH(Kubicki, et al., 2002), $&F(Vasic,
Walter, Hose, & Wolf, 2008), ADHD(Mostofsky,

Diniz, Forlenza, Busatto, &

Cooper, Kates, Denckla, & Kaufmann, 2002) &2
WHTE e @t AT T
24 Aolg BIST Yok EE vBM 7Y
& BARIAN Holt ke A7) 58y
ofu 47 e sjelAel Bag T
A& FA ocalization)d= Hl AFEE7] =
ot 9dE 59, 5Kim & Kang, 2013), F9]
(Carlson et al, 2012), F&d(Matsuo et al,
2009), 12131 FW7]%5(Dolk, Liepelt, Villringer,
Prinz, & Ragert, 2012)2] 7Q1Z}o] 71 A3= F+
stz EAo] HuHw ok 1 9
5 W (Giedd et al,, 1999; Gogtay et al., 2004),
83l FH(Draganski & May, 2008; Lovden,

hun

2

o of

Wenger, Martensson, Lindenberger, & Backman,
2013)0] wE WSt HFH A E Lotr
© HE gy AgEH wEAd dEAY
ARG B A Zpole) tE] 44 54
Fo] HAGS GotiA sk B AT 53
of Fgeh= W EolT & 4 Ut
[QofsiAtd B A+ VBM 7S o]&3t
of JEUAY FAHE #d AAsReHE 7]
A B4 AuEsith A, JEUAY HAat

83} BAF A7} b T3 99¢ &
st STk M, 44 B4 Bda
5 smd R @ae Kot ARy, B

Ay el AEAY HAEAS tzYe
3 Aolg Holt ¥ JUg FHHuA 3
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27| 2| / QEUAY TAIEAIS] M2 B AR

Ak ol#d A AESol 2l
HuAQgle] 44 Eds T s)rey
[e] e ‘/]

=40 BANS olslstel EUAYG]
AR Hopds Beaw Weelshd A2
2 PR U o8 ARE ATY Aow
nely
A7
iRt
B el AEUAY HAE W 157

(internet gaming over-user [IO};, 3+ U™ 22.2
A, sD=2.03 WHWEFT 20W(normal control
INCL, Bat 9%, 21.24], sD=2.1)°] FHFAL
2 YA ot rled 23 HAE
St AAE oy JIEUAY HARE T
o] 71 204 F JEUAIDTE #HE F
Ao BT RESSEA] ¢h= 29e] Al9lH o]
HAFAoE 189 ARE ARSI UH
UAY A e ke AAe 417
oA dFHoR oud HIE Hos W
< #AE0] gloH Youngd| UEUl F= H
S(Internet Addiction Test, IAT)Y] & 7150
A olhell Fiete 271 Ay dAelth
2GS AEUAY HARE He) FAR
dFA wsrES 7R, dHUAYS A9
a4 @ethal Bagk Al dAde] AEEg]

o 2179 oHl dizde Rk F AY
=

o obdl WA AEUAE B F5 4
2 B9l 190] ASHYT B ATE ZUr)
s A AsRBe] S wekon,

L
= WE AT 23 4Y A B
B3 Ame E1 AR St

Am

ita]

ot MY 3 bR 7=

— =

ofy
By
P
ay)
2
hi
g
o
%
5
o

Addiction Diagnostic Scale, IGADS; Lee & Ahn,
20005 EF3IHLE IGADS HEE SHE
o] As}, HA5 ds, FBH BA B, A
A2, A 2AE 23

= SIEYAIY ARgel #3 AR F 55T
(Cronbach's @ = 0.93; Lee & Ahn, 2002) 2% T
490 Aok o JEUAY AR FHTe
A4S Lee®t Ahn (2002)%] IGADS &

= ATolA 2,048HAA Lolxl A E
Zo] A9 209 ol Bshe B33 oS
71202 Stk WA JAEUAYE A ¢
=02 s B0 1GADS A& 474 ©l3)
J AHAEL o] d2ddos EFEHAUTE
HE A dAAME o EE gide
E Kim, Lee$t Oh (2003)7} ¥R S=2 <l
HYl $5 & S(Internet Addiction Test, IAT)E
Ao A= AABIIT AT AR oE
w94, 84 A aga Ay adl
< AEU ARgel #F AE F 20
F3KCronbach's @ = 091; Kim et al, 2003)2.
2 45 Sl Here] Wele
20~1008 0= 1 AL Aol wet 37HA]
ol AENAREA T15(20~497: ol &4,

g7 2 4

M o
d
QL
rr

Az

- 113 -
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50~79x-l. %_% /\O Z]— 80;“‘ o]/\l— 2= iL)g
2 FEIT Young (19969 AFll4 AHEH
Z1&ol web dB] JAEUAY HAME FJEe
2 EFE ZAqAE oA IAT 508 oS
= A et s HF
Aty A2z oz AHUAIY FAE
E‘r% 1) IGADS > 674, 2) IAT > 5073, 3) &+

B QAEYAREREC] AYolgte 37k 71E

_L;J_l:r %é/\]y]}i /\-10] 14-)\-1 og :[Lx-lggj\
T 2AZE A

ofy FE

o
L.

o L

Aol HFHoE Add A= A
YRy Y HE IFYE A AR
3l %«WE Zpdstal, ddel A7)
A

Tt MR EFe]

N,

ok
e rr oo LRI OAD of riE
i
ot
2
rlr

i

EE ATMARTE AEUAY
ARWFE, T2 3 A AhH S
AD FRel: A EEelA, Bed

A Sl dd ARE

QL

3
H—

<
e

12

Z4sh7] flsl AHed Al B
w2 AEe 7 BHe ged 2o A,
Beck(1967)°] 7H3FL LeeS} Song(1991)0] Rk
3 Beck 22 S(Beck depression inventory, BDI)
= 01_9_—5]] ?5:];(“_4 ._,_% Z-_)\]— FHC%— %Zgé}%\

t}. BDI= % 21%3K(Cronbach's a = 0.78) 2.2
TR o 7+ ol tgt AEE 34

AER PAIH A Wl 0-aHoR 5
BT =24 E & S0 AR e
2 grhdn. e, iQle 54 ARE 5

A7 9
version of Barratt Impulsiveness Scale-11-Revised,

BIS-11; Lee et al, 201202 AME-3Th BIS-11S

S F5A4 A Z(Korean

47 Az 307] E3KCronbach's ¢ = 0.78;
Lee et al, 201222 FAE glom <1
2 ZE4 (cognitive impulsivity), =5 %

impulsivity) 283 FAE
(no-planning impulsivity)2] 3+ HEE
o ok A, mael iE A 9 4
Hol| 3t 31 Aske] 719 WA
Z2A4317] Y8l Carver® White(1994)7} 74
31 Kim¥ Kim(2001)°] HFg =32 3
s843 9 AFAAAA A Z(Behavioral
Inhibition  System
System, BIS/BAS)E AF&3tATh BIS/BAS =
= 434 HAE9 F 208K Cronbach's ¢ =
0.78-0.87; Kim & Kim, 2001)2.2 ©]Fo]% 2}
on T BIS HE9} BAS #Hd 3719 &9
Heg X9tk BIS Aee A E‘MMI 1‘41
& oYl A=E Uehi= E‘l
Highs RRE FTetee

u)E= FE(drive), /\Hi—c A2 ZAA
oZ E}\]-o] Q /\ Ol.‘:_ /\]_74011 ]_‘Hz‘,‘]_ ;(—L‘ZL 73
S UrEhﬂ‘- A\ FTH(fun seeking)’, g3
7ol SR Whget= A4
S Edle BANZ ]'*é(reward responsiveness)’
< T3t} mpx|Ho g Cloninger, Svrakic®}
Praybeck(1993)0ll ol8f 7Wde 1A 81 A4
@.A}(Temperament and Character Inventory, TCI)
E Il EES = 71 8 44
A HMin, Oh, & Lee, 2005 AHE3IHTE ©
A 409 71 Aot 37 A4 HAE=

(motor

ol ol
oX,

ol
o

g o of

=
=5

and Behavioral Activation
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dalsl o / QIHUAY TSR] 94 & Mg

UHH s HEO] 140 3H(Cronbach’s ¢ =
0.77-0.88; Min, et al, 200722 /4% o] 9}
o & dAFelMe A ASed tid As
A by AR AT 5 e 71E F
SZ@81EHA A E{‘—;-F‘_TL(r‘lovelty seeking, NS), 9
3] I (harm avoidance, HA), AFEZA WA
(reward dependence, RD), QY Eﬂ1(]961‘sistence, P)
of thit ZA4o] o]FfH. 4 AEE 29
3, A5FTE MEE AFolu FA4 B
4 DAl el o] B BILS
vehie fd3de A3 E=x ¥L A

Fgo] AdAEHs BEFL

L

e
o,

o
o
i o rlo

rr Eﬁr g g
o E
o
oX,
T TN\

[0 ofN
okt
N
o i,

(IBM Corp. Released 2013. IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY: IBM
Corp)= AHE3IRo™ SARA Foledd p <

058 71202 39Tk

LEE T e 5= A T1-
weighted 3D fast-field echo sequence”} AHE-%] %1
o 9de dEvEE g3 2 TR =
1900ms, TE = 252 ms, flip angle = 9°, FOV
(field of view) = 256X256 mm’, matrix size =
256X256x192, voxel size = 1.0X1.0X1.0mm’.
Aol =2 Gl AR H TAASTS
SPM12 (Statistical Parametric Mapping; Wellcome
Department of Cognitive Neurology, London, UK)

Hsslx SR RlaT|y e g

oli
Jm

3 DARTEL toolboxE AH&-3] Tho] &A
ool AA, /A HE EFE
(standard space)oﬂ @%"(coregistration)’s}‘{—
Ao AEEE Fo|7] & A H(anterior
commissure)©] G732 FA H3E(coordinate x, y,
z =0, 0, 07} H=F 24 =4, =4
g Qe T2 e IAUE, W (white
matter), *2(cerebrospinal fluid)2 &3} Z
4 g9a Qe ARSI A, Hud
e FEFFstandard ICBM gray matter/
white matter template)®ll WF= 12} FIF ATF
SH(spatial oozt YA,
DARTEL EHAE o] gstd A7-547
Th(study-specific template) <= A§33FA T THAA
=88 7 Qe E G oAl A

normalization)”}

=
547 mewel PEE 24 I0 A7 3
AL SR FoAvoxe) #Ol A P
o 2o Sgs 53 AuE WAT 5 9
=% 3] dl 23 3 A Aol 2
oZ  ofzIH|Qt 2‘ZE‘:laﬂél(jacobian determinant) 2
NQle] WA Aol Fdhe M F(modulation)

o] FHHJT AR OR 8mmo| HHA|
Z(full width at half maximum)] 7H$-A1H A
(gaussian kernel)S 53 2 H(convolution) T2 ZH
o jé‘%ﬁ]-(spatial smoothing)ﬂ' F3 =)ot
Q9] A4 o A5 A% AR I
of 7 W zoxe®) AT FHE S 3
AuE W AAYEA] B A

(general linear model)S ©]-&3 F 7FA] ZA-
2 (whole-brain analysis) & AAISFATE  AA,
JNEMAIY FAHE ekt iz 719 3]
o

WA Aolg FA7] SAste] By EE 7

LT
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F(two sample t-testyS SFATE ¥ e 2 EA®BDL BIS-11, TCI, ¥ BIS/BIS H5)3 #A
ol Hol= T e 3ud Rulo) #af  HASA dotEsith =4, Fddl we} -2,
olgfe] Z+ A =AHXA el Aol AAEA =54 714 B 5o A EAF ;g]uﬂzl
& AASYTE & JiQe] B ¥ g Rajshe] gEAo] =y Jehis %3
7} AYdSE AZ AZIGADS D IAT %), o8 qrHely] st FEA4 v‘:_'—/“(analysm of
AEUAIY o] &AZKA] Ran, 18]a B4 covariance, ©]3} ANCOVA)S AAISHATE 7t
Table 1. Participant characteristics
10 Group (n=18) NC Group (n=20)
M D 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 62.78 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 49 3.39 0.01"
Impulsivity (BIS-11) 72.56 9.6 59.20 7.8 470 < 0.001"
Cognitive 19.72 33 16.25 2.7 3.52 0.01"
Motor 26.28 5.6 18.80 3.5 4.89 < 0.001"
No-planning 26.56 41 24.15 3.6 1.92 0.062"
Temperament (TCI)
Novelty seeking 44.06 6.8 38.10 74 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 1055 22 2.02 0.05"
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"

Note. 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 <0, %

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

1 p < .001 (2-tailed)
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N =

‘/I:(ﬂ Group-I0 and /8 Group-NC), %(J%ﬁ A 37—:]:
AX] 7o) 45 AE dKinteraction term:
Bro and Bunoe EET siom, F #A
QA Fuarg o disted A %
[+1, —11 for B0 > Bunc contrast = {—1,
+11 for Bro < B0 AASHATH
el M 27] Apelo ME &dE
371 flete] BE BAAZA T Ul
B3] Zhtotal intracranial volume)= B A
o= FAsan e T4 0 22
ARE AAE 29N £ 23
PEm, WA Hahe] wE Rz
atol, ©]F 18]E(10em)T FIFO
9"5\‘:} JEAY A Heat o
o U F Fue 47 1ss =
157 + 0.09 L& zto|7} QI #37) =
34, p = .736. VBM E49] A V|ES
AA FH o e gSrla 4§2§
A 1F oF s7HE TAF "Hola

A =(contrast =

5 &
R S

Sty o

S o o oo pE B oo AL X

Mo o

=
o 0

o W

HN o
o r$£

family-wise error rate(®] 3} cluster-level FWE)
0.058 A&3tAT o|& 3 AFNI program
3dClustSim®] EHZIEZ Al E#H ] A Monte
Carlo simulation)& ©]-838k] Wola 7] 401
Ne FAsAT

54 74 999 I Rart 44 AL
AHIALSE A%, AYAEART & 71%—%
A RIS ofd BEAS Holes Tk
7hE 2] SAsA fel'k | Olqduster)oﬂ
st A DY Volume of Interest, VOI) 2
o] FF AT, Folae| F VBM AT e
FZ ol = MarsBar (0.41, http://marsbar.sourceforge.
ney’} AHEESITE vor B9 B4 HF
SPSS 220 AH&St] olFolxom, FAZ
FITFEL p < 055 7IELE ST 39
2 g Aol gk &3} -2 FA] 35}

hREE S3: Hma-7|E B o

ol

Lo

(localization) TS 93t  Anatomical toolbox
(Bickhoff et al, 20057} AREEHATE T b
fola Aol wol HelAA A=l ol
AT vor 245 st

ATl Fofk JAEAIY A
2 Table 1] A|ATH
E—*é ztolE gobr
, QIEUA|
dAAsA =

< 2 AEBDDS E‘I‘E} (37) = 339, p
< 0L =54 AABIS-1DAAE AEUAY
AR AT gRyPdEg fosi =
Ars Esabtﬂ 37) = 470, p < 01, &
9% 5 554 39 H=dx
=& dgi UERTE A37) = 3.52, p < .05,
137) = 489, p < .001. FAZ F5AAAE
A 7 Zo)7b flATh, 437) = 1.92, p = .06.
TCl 71dd =M= JEUAY A e
o] izl Hlg] A=FTNS)et P3|
HA) HAZA fFostA &2 H5E Bl 4t
W, A37) = 355, p < .05, #37) = 258, p <
oL AWEe) AE Hee Tr«lo}ﬂl mﬂﬂr
t37) = —3.15, p < .05. WA A}3|F RHifo]
U R Aol #g ARSA TARD) =
o tieiA= d% 4y %91?& zto| 7} WA E A
et (37 = , p = 96. BIS AX¢}
BAS-A| P T ﬂCOM% JAEIAY AR
o] tizFdel g #e AP ®
HHA A37) = 1.89, p < .10, BAS-F&

_ugl'rlon

HEE

NEN

BAS-
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7h A EA %U}Dh H37) =
#37) = 049, p = .63.

JEUAIY FAHE FAhe g z3TRTg ¢
o] B7|% SFEAIN IAT A9t =2 A2
4= ¥ w2 & AAEE B, (16

53, p < .05. YA
Z%MEE} APITE £ ¥ oy UE

JAY S "] Y F AHY T54
‘|‘7]' o5 A3y Al H =3
H16) = 59, p < .05. THIE& A2 QAEUA
9 FAHE o] dizfdel Bls) BAS-AT
F7ok Bis A= Hrh FoAvE Aolg B
olA egtou, JHUAY IS delA
IAT H= M7 52 MULSFF o] BASA
oFT BEel FolveAl UL, «(16) =
52, p < .05, BIS A=A fojmaiA =2
HFE BAY, (16) = 49, p < .05.

VBM A}

oo = ?—_._“]-—?-E—‘q A(primary motor cortex,
7F =gl v
oJujstAl H & A2 YERTTable 29}
FUTF AFAE BAY AP
(uncorrected p < .001)°] 2] JAEUIAIYA A}
g0l B £ERAS A Ba) Fhe o

_E‘O
N

Figure 1).

Hol A Uehd Edoz B £ gt vol
T4 Aol oatd ABUAY A A
o] Holx 4TI gH9| I 2y

=
S7hs AN TS AAAH Aot Fdst
Aok A

n16) = .01, ns;
IGADS: FHHFT «(16) = .35, ns; FHET #(16) =
—.049)%F Al AREAIZHERH /(16) = .05, ns;
ST (16 = .11, ns)° Ak 59 H 9
3w Ryl F7ket obFd #HAo] U

Ed, MY H4E FRel wE 47

AT

Hel SAGX = A EFFY] Fuid Ha
Z7F A=l TSkl p > 05). dE £

Table 2. Brain regions showing difference in gray matter volume between 10 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 4.44 2397

10 group < NC group

n.s

" Cluster-level FWE corrected p < .05 (k > 407), ¥ jtalic, mmorrected p < .001. n.s = non-significant, 10: Internet

gaming overuse, NC: normal control.
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[

primary motor cortex

) ~
- ” t-value
'./4‘ ‘ )
X

33

Figure 1. VBM results. Gray matter volume decrease in bilateral primary motor cortex (left: MNI

coordinates x, y, z = —36,

—3b, 71, t=b.1, cluster-level corrected p ¢ .05: right: MNI

coordinates x, y, 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.

R
F7E (16) = 21, ns; FHFT (16) = .18, ns),
& HEHH (16) = 37, ns; $HHE (16)
= .03, ns), TCI A=9 AF 39 EFTT «16)
= .19, ns; FRE #16) = .17, ns), AFFT(F
HHE (16) = 23, ns; FHFT /(16) = .23, ns),
a8 JdWEHEMEE (16) = .05, ns; SR
n16) = —.22, 93 o3 FHBAE HolA

of Yt £FYL MY Pl FEYE
Ll
o

07 A (cerebellum; lobules
VIIB/VIIA)E T 3FATHTable 3). 423 ¢] vOI
AR Fhol| A
s o

%
A B3] AT Bl feld BA Jue U

ERA W, 116) = —.57, p < .05, TIZH T
Ae T84 At A R 7 AdAdol
UEREA @bt #(18) = =31, p = .19
(Figure 2A).

4= HEA|(amygdala)St

(precuneus)oﬂ A+ BAS-HA7
ot AL &It LAFHATKTable 3,
Figure 2B). HEAS] voI 4] oJ3lH =
Aol A RN sd Ry 3F #9
g Aol INd A% 2, «16) = .

43, JAEIAIY FAHE AT A 2Rz

=

Hol Ee AAASE 2

AY HAHE FHeE BT
YTE N Fu 24

— .84, p < 001, HEFE 4
RAgNZgol i Rajel fofdk A<

#HAGS BT «16) = 48, p < .05.

ki
0

¢
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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
F1,34) = 822, p < .01
BAS-reward responsiveness
10—/NC+
amygdala R 28 35 -3 —23 6.26 686
A1,34) = 10.52, p < .005
10—/NC+

L 28 —32 —3 —23 465 5787
F(1,34) = 973, p < .005

I0—/NC+

precuneus R 5 12 —42 66 5.92 1002
K1,34) = 3599, p < .001

* cluster-level corrected p < .05 (k > 676), ! italic, uncorvected p < .001, 10: Internet gaming overuse, NC: normal
control, BAS: Behavioral Activation System.

1: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 < B.nc in ANCOVA.

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

tvalue
6.3

tvalue

y 5.0
[/ Cerebellum
S -

x=-27 33

\ Precuneus
/

65 o -
: £
560 S
> > .
5 5 -
% 50 % -
£ £ .
>.45 >
o £

O .40 o~

35+ 44+ 287
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 |0 group whereas positively correlated in the
NC group. * p{ .05, ** p( .001,
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= 9

B ATE vBM 7S o83t AHUA
% A Q& F-8+A 7] Al (neuroanatomical
correlates) S THESFALAL SFATE IEHUAILA
ool BT JEIAY e WeL o
om T AR AolE AZW A%
LAY LS FEAN B AEAAT
2 a7 @e AlEY YA
A w57} Z7hso] 1L
e Aolsh BER A 3
A 7|AE B Az 2EAT BAS-EAT
4 47 o)A T S Bajshe) B
Aol kel wet g yehts, 5 &
9 4548 EAE Holt Fi Fedo] w
HA ol AEUAY HAHE el A

B4l 58 AL 4399 aud ¥

OPH
&
-
+~ Lo
B o
=

AEAY e Aete] e BAE
e Ase dEAAY S Puel /2
ope 2= Aol BIE FAS AYE
He TR A%E MAZG AF Sof
AEIAY TS Fuo] dEPRel )
S 2 A% FEAe BHisd, o
7128 AR S-S tdew T
%5 (Mottram & Fleming, 2009)% $-2(Ha et

al., 2006, Morrison & Gore, 2010; Young &
Rage, 1999) 47 oA U3 Wiol
09= 01511:1]7]]0111-011_,] T &3] B 4

220 F(Kim et al,

L—l

ol L=
T O

2006; Ko, Yen,

Ashesis S3 Rilaol g o7
Chen, Chen, & Yen, 2008; Lin, Ko, & Whu,

2011), F=3 AFgellAl Yehude B A&
AR sh= &7 B AHES &
3K (Young & Rogers, 1998). 5842 FEY
|(Kreek, Nielsen, Butelman, & LaForge, 2005)9]
U =8 F=(Yi, 200H)%RF okdEr IEY
=(Mottram & Fleming, 2009; Seo, Kang, & Yom,
20090 S7HANTIE FoF QRlew ARbHL
Ak = JEUAY A FHolA =

l‘ﬁ

& Hes Bl Bas-AMEFT H X}%%?
e 47 BAEL ok %3g W) 5o
AP VES S APRE AHF B0l
Jtiar dH A EA S| ThFranken & Muris,

2009). HA 7S]A‘](negative
emotionality) & 74 gste AEE WHIsSIE
S, & Ta-AF3)y] A=} BIS H =0l
= dEUAIY A gl dizgdel H
3l =2 HrE Eied, 52 339 4
A4d go= AgdAG
(Pelissolo & Corruble, 2001; Pezawas et al., 2005).
9 w2 7 AAAHS EQHL 92, 2E
2 5o BAF oA HouA siF=
2 AetEEA =2 9 2d S50 9%
S F= ZoE A JthMcCarthy, Curtin,
2010; Miller, Vogt, Mozley,
Kaloupek, & Keane, 2006). & AT HHLS
ABUAY HAAHE o] 7]2dl & F
=9 A glo= AgkE AgF FHAA &

4E AT AeE AT

2006; Voigt et al,

Piper, & Baker,

QIEUAY THALE B T S|HE Fu Xl

AHUAY e Heto] o
3 3 Afolg Hel T 9
A % Yaesadel WA
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AY A Fdol A thzgde] wlsl 39 o] FPAFo] FUHH dee Haud Hk ol
= R = | d A s r4’(Dong, Huang, & Du, 2012).

= = ASE H & Ty B AolM dAab EsaddA
FAS I35 9 YEickhoff, Grefkes, Fink, & A" 3 By Z771 AEMAIY AR Al
Zilles, 2008)% FARRE FH3kol fAe AATE oy JEUAILYTE A= Heeh ddA
B A7 e 2R 8L A4S 7 o fllde e S8 22 sME Folslok
A AMJNER, FJ b & A zoldl e & BeA4S AAGITE dakesade 39
FEFE SAHAS. JEUIAY A FHE A Aot AlY AR 1% S JARUA
A4 B AHAADE B3 A B AL Y G AR B ol A )
2 748 dRUUSe Ao el Agel U0 AeRe sisdel Uk 2
Fool 428 AL A% FsE 4 9 B F AL wEH AY SU Super
9 Aol UAUE T FL AL Mo A AF A ke G40
A7) 2o RS Bgeis we wusd polNE A7 B £E9de) Hud i
3 olg £EoT 4Fee FHol RFHEY  Wablh WHHA AUTHKhn, Gleich, Lorens,

Aol &3 AFEAY] =Ho] 5538k Lindenberger, & Gallinar, 2014). &, £ BE4S
WES P ol oyt FHe] AdE  HEske Ak &% 9ol EE MUE0l
I E T UE Zoth B AFdA ZHE JEUAIYAA mE & $Ado]l ket
JEUIAY S FJY JHJEANAAN £ o]d &olAo] ISR dtow Al ¥ =F
e 27l AlY 3 28 23, A 8 Ttes 8Qle 73(%5&% T Atk ¥
A EH O30l BE FROEAEET  AZe Y F UFsAS EF sl &
THAYD 39, 7Iek 2%l s dssHA F  Zoe=m B

=

B 19 Rl o A1Y fRel F2 A 2 Aol AEUAY e Tekl
Sl BH BRo] e el 24 @ ATolN nuE 474 Sdo| Uehd 2

et

S 7lee] aTHE AYUe TS B g, 259 9 T T geely 5y
A7l My Rl A 7 Aok £ & A R Folo] FAS WA Tagn
Holsh e Fhsdel Atk oA dAe B AT ¥A @S ANUAYRNE
£ A8 Fdol eEude AMA 3 o @ AW AToIN BA 2 AR EA
bsh wESe] e WA J1E AT A3 o welsks T FolA M Ryl W

(Amunts et al, 1997, Draganski & May, 2008; (Lin et al, 2012; Wang et al, 2015; Weng et
Schwenkreis et al, 2007)° <AS} =3k <l al, 2013; Zhou et al, 20117} Ea® Alg) o
HUAUEES e FA4E FH 95 7 Ane Gols neled], ool U B 7}
o §2Hhomogenciey) ARE o183 Frel A JlsAE A7 B 5 ek A, ALY
7154 TEE AWE AT JABUALE  ALBNE 27 DAleady stage)ol A= B
ofE 71 AeA Ha, &M, AFYE T & 2 F9E ANEE Zlogs 9AHY] oY

454
b5 W-SHcoordination) e FHE FH G & AR F2A W dojyte 4 Stk
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71E AFolA i 3ud Ra) wishyt <l
Eﬂljlﬂlol ‘?l’%zi A]’%oﬂ U}% @ﬂ(consequence)
T= AHYAIYANY AE 2 %A(risk factor) S
HEE TheAS e, oigw ARy
gol A 2 JAefUlAIGZ R Adaed &
AT A= HAQ JAEAAL T
=9 A FA ARl (predisposition)©l] &] gk
Apolnt, EHUAIYS AA4d F= A
(consequence)©l] &J3F Wsle} FHEH F2H A
ol WHHA XIS F AUtk A, oY
A8 A74Hong et al, 2013; Lin et al, 2012;
Weng et al., 2013; Zhou et al., 2011)2] o]
Aads ez I5HAE Hox 2
AT Ast zolE HAUS THsAol Stk

a7l B 9 e dad 7 99
ol LEH Wl dojus AVIZ S5
gk FHokA (Vulnerablhty)o] = 0}A H(Chambers,
Taylor, & Potenza, 2014), 4N ET} F=50=2 I
g 22 WMt ¥ Fglsl Uehve AL

Z UHA JthPotenza, 2013).
CIE{UlIAQl niAts ZEEte] M EMut [uH
2 2ol 7 A Z3 Mo 2A0IZHS

QEMAY BAET BEY M Hora
Qo] A A 7] Al(correlates) S BAY S}
skl Alnay HEE o) BSY 47
Aol el A pasle B e
Aolg A A%, T4 BAS-EA
A A=A dEUAIY A el
Ao s Fuloh FaE B FH
oS WSt WA, dEAAY S
oA JiQle] FEA A=} Hlgste] 43
9eqe] A 23] ask ekt W o
A5 vl MY Ra} FEAD

X of _llm FE,

o

fe=]
=
s

o
Lo

4

Am
A
I
E
T
\d
T
Rl
2
Q
-1

EEES

ol

()

Ir
Mo

T
u2
)
By

}ﬂ 30 to

TS HolA it 4 T =
2R3} Ao} dgS sk= Ao
H(Kim et al, 2001; Makris et al., 2003), =5
PFat FEHY HiEHE YYo=
(Moers-Hornikx et al., 2009). & &
oA HES A= Go/No-go J/]'Xﬂe
= 5¢ RS AAE AEd 230lA
Ay ZAJo] BT ™ (Steele et al., 2013),
£3d gA=0] T HA FHol %
X OITHTanaka, Harada, Arai, & Hirata, 2003).

rr L

1

o]
o
oo

b 4> =

o X rlo o oo

X
w3k 73ukAbof (obsessive- compulsive disorder) =
= A ATE HolEU|(Grassi et al,
Axo] s|uly Hiyl 7 ]'/\(Narayanaswamy
20169k AF-7]AH -2
(fronto-striatal-cerebellar circuits)®] AZAA
EA O Z dTHAnticevic et al., 2014). ©]F S A
H 7l AFe FAHEAY AJPsHR
AR EH 7IHE AR = FFh(Vaidya,
2012). 53] S2FFF fdolM Huss
& A%HE AT #-do] v B
| A THErsche et al, 2011; Jung et al,
2014). AYATE TS o, & A7
AEUAIY HAHE ol Hde 547
2y WA Ryl b #dAde

et al, Al 2~H

EALS

& Axo 5
WS A 75 &4 dAFay 3R
7% ZA%KHu, Salmeron, Gu, Stein, & Yang,

2015)°] HFHE AAE = F e Aotk
HulAG AN A S5d3 T I e
HdAol A Ay vee Hag A3 o
T AIKDu et al., 2016; Kim et al,, 2015)¢} H
2ol AUAYRNe] F54T AR 57
Hol AW AR BAY B AT Avke
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2 A7olA BAS-BARIZI 2 B Aol A
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O'Doherty, & Dolan, 2003; Stuber et al., 2011).
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Neuroanatomical Correlates of Personality Traits for Internet

Gaming Overuse: a VBM study
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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 (fGMYV) difference between groups and 2) group
difference in the relationship between rGMV and the scores on the psychological tests. The 10 group
showed greater tGMV 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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