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- 32 o)gate AY FPBARPES 169, 29, 3297 BIRES T,
ColA (T=7]ER A AABIReH, 7]ER]

Pe o5 B ol 8ANT A 1EslolA 6

- R A 01%01] e AR 4502, o]§ AR1ED sl HA &
o, AA AY o] 8T 2ERJIAIY o] &AIRE, BHIYAIY ol &ARME E&
FESCEDE 7T

2 o] g3t AlY olB1EDS 1£YdA 3974 F75 == 3

Adef Aol waw, xRt 229l 7|HE AlYdol&AlAIA, 53
MMORPGs(massively multi-player online role-playing games) ©]-&AHEol| A A]
EA7F =¥y o2 YEeRHGriffiths, 2009).

- o]&= MMORPGs7} 7|28 o2 #e AZHNg, & Wiemer-Hastings, 2005)%}
YAlE a7at7] W4

- 53] MMORPGs®| &2 45284, A4 A", AlwA, AAZE 7]8F AH]
2, A% Bolo] EA NYE MEle] A, 3] AA AFo] Aol At
A IA o]Fdn g7 wiEeg EAE(Karim & Chaudhri, 2012; Kuss,
Louws & Wiers, 2012).
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® Ald=del +3

- AY o1& Al o= FE Ldhs A AEEES sk, AYe EA% ol
of thal Het== -

- 28%0 g AY FHo] 73S g AR(1EDAAE “FE EAA AYS
g7, “ddERe] AFEREY e AN Ak o 22 B T A9
SIEE ok AYe EA%E olfE v THIEDAAE “FE0l F=
o] &3l A", “AAAo] FokA
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O Alddd 22l AFUE 3o
- Al FEE 20 AFYE Y o AR} Fo HEFE == FEAE

“A8 oty REl “Ael WY” A9l 1) e BHES

10) AY 8 &7

- Al ol & B71& Yee, N.(2006) 9] =&& sl

- 1288 7 1083 AEstgon, 72+ B3 s “1=dd Fox &
o HE “5=vlg TRt 714 5 AER HetE

- AY olg 7 B2 ‘EF(mmersion)’ , ‘AsA

om

Zl(social)’ , ‘Al
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7Hachievement)’ 3‘t&E oz HF3.
- T2 “HAFYUE) 9HE S5she=
Z=3 T dis g A2E A He
AQGE A He A" To= F4H.

Ae Yol FRIG, TR A
27, CEAAAE ol wus

- Yee(2006)02] 22}Ql AE A, AR 57] kel @A =3 ‘e A
ol o] AHZE ‘o] TAAHQ AYAE 7H A% 4 JAAE YERd.

(D) "] o]-§3 SNS °]&

- SNS o] ol @ MEe] BY ARIEWOD 4EF] SN Yol H2 3
MY o8 MEe} 35 Bt ol &AL, R el HHEE

H% AT (2010, p.121)e Aol AY

7] g8 BREN2AFY ATRIA [AY ol$

o]l ta &

- BaAo] 29 o] &2 Ao AY TEe vdd ST dFAA A

3 BEHES 749

- % O} 2ol ool 4% AR, 08-S ohyd - “3H=u$ ¥
2 SRS 9.

- ololrk & 2Eol AvE ARTHE AYE HuA ATE AFAE ol
veha A7l ool Mdg AAEE ARt AYE s @

“) ofol7} s AzE @ A

A Ade B

Adstes A< 5868 = Ath” o 22 2Fs=2 7AH U=

5 A5
- [AY ol tigk 4 5 FF ] (20100 A7-ollA

w1 Apde] A

FFE oY A=8aL e AE =5 FHp6l, 460 Fash

- F 3EReE AW AY BFE A=sta JeA oAFE 4, ‘ol
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- folge W UE E9E Aol jit7, “dEee A0, YR

TA 5 o] 9-8(Knight and colleagues, 1988; Miller and Cleary, 1993).

o

LAY Yot A Arivt ok o 2e Bgow TR,

- Kim et al (20099 & A= Haded AdolA Hed AU 2259

FEH BAE el s

- 19 A% Bandura(1999)9] AR3] <1%] o] &3 Davis200De] #417 JEH

ARR9] 917 3% =d(cognitive-behavioral model of PIU)E 7|wtoZ &}l

o]o
=K

DavisQ00De] ZAE 92§30 EAIHQ AQAEte] BAE A
a0 mae eeheln oxelelAe] A7) A tE AFE A4S FA
o= 33

ol A

How
AR 5

o 4]

A4 Ee 7R 7ML Sle A 2
olggt QXA gy Aslele oded, F 548 QA(maladaptive
cognition 2 3 EAIHA AP R wHE 4 9.

Lemmens et al.(2011)e] A7Z23}, 2%, *2 A=, G A F A Llzto]
A AYAEe] 9 F= F8 82102 Yehd

- 2ol A9 B AYAEe] AAY B ohle} 1 AARE Ve,

ﬁ
L
o

&7
Depression)o] & &F, TrIY A% A4, HAZGY v AEA,
ot 44 23, 12709 P5Y 7hash 0o FHoR EYHE 4
S SFAAERAZH).

SA8H7] Slall, AAdH 4RAE R ma= 7P AT A
(National Institute of Mental Health)ollAd 703t &5 AZFAITZA =S
CESD(the Center for Epidemiological Studies-Depression Scale, & 2 =
@FEATD 2AIA 1RGO ke CESD-118 A3t

“0=53] EETHEFTH 1¥ olsh” FE “3=thFiE IHIFL 6¥

o1 A 47 HEE ST

i
2 o

o
L)
o

SHI=
e SEATT, S AR, ARkl UE dojsks A 2t
0t BYES XYY

Radloff1977)= $-£7 A+ E(CESD)S 123 AA(depressed affect :
blues, depressed, lonely, cry sad), 2)3&&< A A(positive affect :good,
hopeful, happy, enjoy), )AAZ ZFoly Hxs &5 “Jel(somatic and
retarded activity : bothered, appetite, effort, sleep, get going), 4)thl&A|
(interpersonal : unfriendly, dislike)® &3te] Awsta gl-2(Radoff, 1977).
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LaRose et al(2003)2 w]&3le] Mentzoni et al(2011), Peng & Liu(2010), Seay
& Kraut(2007), Wenzel et al(2009)] A7Aze] m=2d 272 AY of&
Aoy =AY EAAQ vt e AlY e AU AR F-Ho] Q3.
Caplan(2003)ol] w=H ¢ B3 ASA AFeAgoly
A & Asste AFe] As

“9-83 AFES o LS| A zAIZEo R A thE HEAAM AAEEY BAE
FAAY FAMUY = Aol ofEES w7)7] wiEel AA || AREH
AFHOE 2218 Fs B8 #APAH ] F o kst B&F o A4l
2 Ja AHesHAT =AE s

mebA @AoA e BHY &5 dasky] A dEYE ‘R =
Aesks Zlo] F=atAY QL ARgol o] ZA HH, o= I3 &l
oA HAAA AAE s 2 & U=

Bandura(1999)2] A}8]?1A] o] &(social cognitive theory of personality)el wh=

B, 22 2] BAE dE7IE FHl e

o
e
>,
o
ﬂlll‘l
Mo
rlo
ic)
rO
o

-

¢

ot S-gd ATL ol Ale] FAL WA s ARl U] MEoE
An,

A7) FAR “FA BE urk 471 BN 4 F e H 2
Ag s8] AT A7 Fo8e zA0uckworth, 201D° & & e FEL

Seay & Kraut (2007)2} LaRose et al(2003)= ol21d+ of3ld #47] ZA)7F 24l
Al 22l AlYAE o2 HE 4 ok
2oy 154E A3 JE AARES UBAE I FAS=E
014 oJE & 7HA JAY BRI tial] #Ao] gl Aol AR
olgfgk Ak3lE F#H(Social skills)e] HFo 2 T e ALS|H Ao R o
A AR E=HdANA THHAG i H = Z
2 T A

EAY -5l A% ARES AEA wiAlg FAel RstAY FHekste

= =
2, o] 3NN eFolu A3, ¢, #1859 Aol HHE
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- Us BE AR - FEe] Z, ‘hE ye olf §lo] A st
o

- sorby, FANT 94 Feololu olEE

- A 34 thgel AN PFOE TAE Y Zolehs At 1 tho)

A FEE vk al & AdS 9] L lofok HBerkowitz, 1993).

-ol8 ZA3str] 98] BPAQ-SF(The Short-Form Buss-Perry  Aggression

Questionnaire)E  AH&-%F  ©]= Bryant and Smith (2001)7} Buss and
Perry(1992)7} a1¢kslk 297]9] d=o=z o]Fofz FAA HEQl BPAQ(The
Buss-Perry Aggression Questionnaire)E 127)9] @502 Zadhe] 7fEsk A
< Diamond, Wang, & Buffington-Vollum(2005)7} =43 AY. ‘1=A3 1%
A G oA 5=mlg I"EY 2 53 AERE A9

- 344 AE B9 98 =83 F4A(Physical Aggression), o1 ¥

Z(Verbal Aggression), - =(Anger), ZthzHHostility) 0.2 72 + U+

H

gk, ue gde AS sk e At o 22 £
TH.

- Kim et al(2008)3} Mehroof et al(2010)8] AFZA3}o]| w2, FAAJ o] 221l

AY $53 ddo] el =84

- o] fex FHA AYS HEsh= A A=3 AYAEIH] dBde

=
gk A5-=(Gentile & Stone, 2005; Griffiths 2000; Harman, et al, 2005)°] o

[e]
T U=

- Lemmens, Valkenburg, & Peter(201D)2] <1-+oll oJhd, AYS H=shA A
=

dhs WA EElololE S HEAQ Mt AdS Ak AoR Hax,
- olst FARSHA Griffiths(200009] 7= AR 4% obsEd FHAH

il
Aol olZeli= Aol vk Ae HAFaL i

- BA4T F= AYAETY WAE APIE WAUSOE “5HT BY
_]

o AYL FEts Qe $EHol] Bt 4

ZA(Ferguson, 2011)e]gt= Alzto] 912

& diozs AY ol AAHAA 43 Fesol T2 AFH0

- A Bol AY HoIA Fdlolols] FAH PFol E& WL ofold YT

I 22 RS O gl wet 183 P5S HIE3lEA 2 A

- olHR AFel A=sAY FEH] Edele dol 2 <+ dve A

(Mehroof et al(2010).
2
o] glom, o]t A5V} H=3 AYEZH|ZE o]

(5 A71EA

- A7) 5 A (self-contro) &,  “FzZbH oz TES £ QAT Aoz kX))




Logue, 1996).

271 BAI=(self-contro)= W E T A A(delay of gratification), 2|=4
Al(effortful control), &JA|(willpower), A3 Aoj(executive control), A|7F Al
(time preference), AA|(self-discipline), 7] ZZH(self-regulation), A}o} 7+
(ego strength)e] &ol¢} A5 wehd o7 29 (Duckworth, 2011).
A715AE 437 $8] Tangneyet 19 FEE(Q004°] /Mt HE=<I
BSCS(The Brief Self Control Scale)& &-83t9om, ¥ 13802, “1=H7
a2 oy FE “5=ul-¢ ¥ 744 5 A== HAT

“Ue F30 A doi7tA g7, “wiu 2 Arjol] wx A sfof & o
< "MAA Zske A9t kT, “Ue FF OE SE WHES AAE)
A g Pt 9 Fe FTYPoE FAE.

- LaRose et al(2003)= F=3+ A7) ZH(deficient self-regulation)S  “2]2
27 BAGSelf-contro)7t At ew  ofstd  AE)” 2 Aostn
(Haagsma, Caplan, et al., 2013).

5 24T 23 E971A Hour] g s ol& I3 FAH
o] F3o] 27| 2Ee fsAIY, 2w FE3 AdHU ALY ARR
ojojxital B 9l&(LaRose et al, 2003).

- mEkAl LaRose et al2003)= Aoy el 2 mte] F5& AHs)

o QlojA  ‘FE folgte FEROE CBAEA Z2 HHo AR
(unregulated media usage)’ ©lzt FE&o| ¥ A3ttt Ab3gh
AY F5F A7)1EALe] BAE A7 oo =&(Khang, Kim & Kim,
2013; Kim et al., 2008; Mehroof & Griffiths, 2010; Liu & Peng, 2009)°] uw}=
H, o A7) BAE 22l AY 53 d¥ s
EAAQ 22kl AYAHE LR Qg BA A AARES dSstet oA F
L3 98-S dl= ASoF Yebd(Haagsma, Caplan, et al, 2013; Seay &
Kraut, 2007).

271 FATE ofg AR ol FE, €%, &7E dFEst oA A
o3l

W, A Qe AP abell SlolA ok mibeAE A A 3E(EHY
3, til WA, AAA A% S AT 7ol AS(Tangney <, 2004).

b foi o

¥0
oo o

rlr

AA ATE 3l The Mini-IPIP(Donnellan, Oswald, Baird & Lucas, ,2006)=
a
[¢]

- The Mini-IPIP& % 208308, 5714 tiE4 A4 2<1(Goldberg, 199921 ¢
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ook

FA(Extraversion), 7H®4J(Openness to Experience), &2]4J(Agreeableness),
41 4(Conscientiousness), 41744 (Neuroticism) &= T4 .

ol tisfl  ‘1=A9 ofyr}y’ FE ‘b=ul¢ T 744 5 HER

i\

=)
jLN
3}
h=4

- el FRsThT, *B4vh Ae Holtr, A %ol Als

(7) EA7A

- 247X E A3 93, Richins, M. L.(2004)2] E&7}x2 =(The material
values scale)% SR B3] S99 A3 (success), 744 (centrality),
&) E(happiness) .2 T34,

- 9o, ZF Fybol da} ‘1=x3 oflrh FE  ‘5=ulg 1™ 74A 5

=
e Al AL Yol B2 71EE 9, “Ue delA B2 ARRIE

2E AEE O A5 YTk Aol UE A

8 Y=
- Y& hF A A Gholl ok MRkAQ wE3hs Wrlkehe T8
H=7Hsubjective satisfaction) 2 =5 A8-3HDiener et al., 1985).
- % SEWUCOE FAHY, "1=13 ot HE T=mj¢ I A TH A=
2 3A%
“Aa W a2 Wt aigke gl 7o, “Ue Wl gkl TSR

“olio] & W t] FoAUYE AFY A4S u}l% AR gtk T &5

=2 T74E.

@ 294

- YguAe F o2 “1=dg oty HE “b=ulg I¥T” 717 54 H
=2 H@A3k

- “‘Jr*(ﬂ_’ Xﬂf—% i*ﬁﬂ A gy, oy BYdE(FotE, T

Holth.” , “U ITFE Aol

%
A 910l daglol i
2008).

O Aol SAFES 93 a0@AFH 54
K

- 71E EHE 7o g AlQJol &t A

SR RHXTS Y
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ik Ms AT
TAHHORE 7HA87, s, AztAAl] A3 AEF F4AOE AR

(D FE9] F512
Fro] gsiaE SAsh] fdl s BEAQR000)0] /NET HAALE 7o E 3
AHad H3X2013)9] A= st
Aad oA EAR0C] AR FE FSHE AA (F 43FP=E
d Az Fo} = 724zt figh dES RO tig dEosE £4% &
FTEHE= TS AQdsta Agsg o B AEddAe Aid didelA &
A dEs A
2180z Tl gov, “1=ds I8 gt REl 4eu]$ Jkny
7THA 4 =2 BAZ
FE2 e skl el 7=0Q), HAHQ), HIYHAEQ), FA7IH@D, HFIHAH@,
FPAHWeE V.

- “ERUYEIDAAE U ods EFE FATT, “REHEIAHAA
© Ze dojgtk oWl wE ofghs AN oH e EXAITL”, “RRd
AXE W7F dE0l & o 8715 FAIv” = 745,

Frete] #AANiemz et al. 2005) Q1o R 5 Aol AL A
UARE] FFEs F= 80102 HAHI 5.

- 3k AAde] IAE FRe Atis JIEU AY S5 AdEo o, <l
A9 7RO A= #Ho] e A2 YEhdKwon, , Chung & Lee,
2011).

FRO & WA Hado AHA K- FoY YEDF S #Ho
e Ao= BugPaula, 2001; Shaver & Rubenstein, 1980).
2o A7 FAE ATHY a) e} He SN, RO % P
e 2oy f2ed e AN A4 #E s
olgidt A3 Algld 8212 A BAE S eH FFE = S U

(LaRose et al, 2003).

@) WEA AT
R 2 S Al Aslded W SAd 99 713 5
AT AFRE T &, 2009)” &, “d5H A= o] yERd F e B
£ oN2EL ong
olmje] W-&H By TS FTHIHAS S, 2005 Ak Alged, 2012
p57~58).”

JEFOE FAH Jom, “1=Hd 1A Frp” FE  “5=ulg 13T
7HA 5 A2 BAZh

“BRUG Us AZE Z ofsfste Helth”, “REYEI U= FololE
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slEglol oloprlshs Wolth.”, “FEREF ue e AF Ure ol
o 2 744

@) st weuA ~Egx

- S WA 2B SAe As) Audd AHF19)7F AL 3
BrEfs A b e 102F 7hed 423, wdA 2]l
ddste 9 Jhed 3ede AEgh

- E TR0, “0=48 oT BE “2A%" 71X 3% A=z WA

- 2o “wEin Azo] AEA gkt “FEI=E FoARFol F
2 gokty | “HFRREH wEdS gty 508 FAE.
(4) WAFAA

- WAAAE ZHE) s o1 AFA9N BEF A= 5RY shed 3uF
< A

- 158 ok oM 5ulg JEny X 53 HEE BA.

- WA BRe U AAET At Bl T, s9e Agde
Ul #ale] BTk, “$e] AAde U7k ol e W Aelsizny 2 74
=)

(5) wehaA -4 A 22

- wd BN ANE AN olBo BLL Bt AT A, F1, of
B, A%, A 5o AMH A7, 1990)” & oJm3h

- o]F2)(19947} BT weAA AT shen AAH Ao el 97
Fheu 3EES AEd

“1-93) ¢k JgT RE 4-E IHD A 48 AER WA

‘Wi €& W JAFE0] A=A, ‘Ut ZE de sl AR
g, Y JATFES U F2 HE dolett” 2 AR
6) AFS|AHE
- A}8]7 AHE(social capital)olet Azole ZRAY)Y] 3 24 FHL =

ANl WESA, 9 2ol AR A9t 2e AR xAY 544
(Putnam, 1996).

- 437t ol AEEY A AEstE BAY AEHZQ UESTY Aot A
A AAH 52 AAH A Fds ¢vsHBourdieu, 1986).

- % 0FFoE F45HH, "1=3135] ot Ry “5=ujg- 1A 5 A&

- “Z23 AMS T o 2AS F ARl JTL7 . T ARl e o

g2 RHATS Y
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2 AP dA" =48 2 Sk, ‘U alFshe AR ui7h B9t

= & Aotk 59 FEEE 7A4%.

A3 A A4 Feol whe} wHE ARSI AH(bridging social capita)3 A4 A

3] A (bonding social capita) o2 T2,

Aabs HAABA LJolA e oft As%E, T+ Jo W A3 2&5S w3k

TE uFHE 840 A7)0l F&3 BALES T THE HE 7=

shH, 4492 A @ dAogas 7HAA &

A A7 2RY AFE #A A 0 MMORPGE o] &3h= 45709 912

W ol &AE e E AFE A3, MMORPGE Ao Q4AgA ARSA 4

sZAg o] ] =Q73}

MMORPGE= Al WolA eljlze] 23 foidA 2 AAAAE FAHD 713

£ AFetH, B2 o]gAEo] et wjeAE whd

x3 "H93, AY, A% 5= AT 5 Jon, A 9r, A4, d¥ F

S 2HE AFEA ALe 28E  J(Cole, H., & Criffiths, M. D., 2007).

B2 AFE ZE 713 0 1820419 AhA 1008CEAF 73%, AAF 23%)=
o2 oAlolr, F&, &2 AFH AY, MMORPG % 3 #ofs /€

e o] &R ‘E. ZA7 MMORPGE ©]&3 1F°] AY o8& 714

A, Ads ALt Ao sk, AEE JAFE e 713E e

(Smyth, J. M,, 2007).

e U 9 wHP ASAE P4 0 B YA o] A 538 i

o7 g AEeA], o] &AEL I AYES ol&ste ERlel tidk AH &

go] sojvtal 1 #go] 2zl *J%OHUW ojolxith= A& eyl

weEbA ] AlY2 o]d AR AHEES AYolgts 5240 7 F(context)

= FfetAl FoEA wHyY ASAES FYAeA "ok F7EHKobayashi,

T., 2010).

5340 ~7P’5}E a o 2El Aol & ARrUEAE Al

= U =%°] He A ARE obfd iy} glo] Ffske AdFdol A

= 22 Aol &At AFUEIY 12448 tiidoz A% A

7], Ffete B3, AEA Aot aed g FHXske ZoE YERd
(Hau, Y. S, & Kim, Y. G, 2011). &, AIYLE2X AAY= ol2fg 8RlE0]
Aol &A=2 :5;61] 9 7ML £ 5 e

AEH AL FAske A7l - FREY, EVEEoL 2ok $)9] e-Sports
League;ESL A= 811W o= thito g A3k Ad, 2ehlo)A e ALSlA
Ao EgAd HZ AdAo] Hald AL, #AEd A3A AE&5S gAY
= dokar F=4sKTrepte, S., Reinecke, L., & Juechems, K., 2012).

- mEbA Alde 7IREe R s oy ezl FRI=E AT A, Aol &R

off ret
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So] 2l ASARE oxElel AFAROE A& 2 F UL

- eehelemeel ASARY BB - FF9 MMORPG ol &4 23298 thd

o= AY ol § Az LeLTetel A AR} BAY HE ABE 5
SEEC

AT ek Zgo)(collective play)= L2k A58 ARSIAE, w
AR Lgkel AlWIFA(civic engagement)$} A<l Ardto] WHAE, w3 E
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- 80 olste] As, <FE, wHl 9 A Egpent Baa, HfSESHAL
ADHD % MDD 9] &&d8 7FsAo] e A= A9 2.

- EY SAIE ofF YU el JhrRe EAE AWl T 87

9 04 aQlel tid YIBAE A

- ek B A7Rle] 248 sk T RolA S0 QR A7) A
- Y FRE A A5 AR, HATEREREY, SIS

- IVRI 89 1, AAABATE A3 Adheks AAAR BEEAE 4AF 48)
.{,:

£ Aaele] AT AHow AWAslE & Yt volHE TEE

1}, Resting-state fMRIS] A 2]3t& ujA

O FA7] Bl AL A thated s a8 ¥ 54

- 2V ofF AR A gv dE diEe AAVE AMgste diAEE
(metabolite)?] 20 HAE H=ZE AMR3t J-2(Clarke and Sokoloff, 1999).
e e Sl E He AKA tA=E

‘ﬂﬁ'

O Z33ikal )= Resting-state fMRI 97 =
- fMRI ¥ g4 2oz dZH A= AT A (taskE THE = 219
20 HAERT A& 5 HAE AR tgAaEZS AT deAd s
(Raichle, 2010).
- X7} o}F AR A G FAV] EY H9d dolHE g5t A5
A WHH E(resting-state fMRD-2 2 S0 AH O Z3uta e FAY.

O =43] S7I8kaL 9l resting-state IMRIE T4 = 3 A=

%NIHOM ot oofshAde) se] =w A A<
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7] 93 ouiA am

- oy A7 AAESS T dAZA AHEE vbel]l ostd ol A9
60-80 % HE+x ZFE M o] E(glutamate; TEA AAHRGEZ) 9 31 FFo
AHEEY T dE R Raichle and Mintun, 2006).

- & AAAEE Aol ARAYE FHAneural signaling) o =T AUATE &
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4} (functional connectivity) & £43H= Eol7} -

- 718 AR B4 2L UsE F¥Ee ¥ 952 e A
BOLD 2lze] 43 F=r} vlg- 28 Aolghe 7S AASta A3k

- 7154 dA48d tg xR AT ARE Fal o 28T 2ol 1Ak &%

3 (primary motor), 13} A1ZF S (primary visual), 4 3-ZFQ/A )02

(msula -temporal/ACC), = F44-25<(left parietal-frontal), $= F4H%A-
F(right parietal-frontal), HJZE =t Y E$ F(default mode network),
H(fronta) FG#4 2 FESo] dAZA # gg=o US(van den

Heuvel and Hulshoff Pol, 2010).

;1 ima vy insular-temporal/ ACC

TYX L

(abcdef) (bedef) (bedef) (bedf)

frontal

o6 e P

(b.c*df) (bt (bdf

< © 7IsH HFYS 2 HENL YUS

* oJo] x| 23*- van den Heuvel and Hulshoff Pol (2010)

2}. Resting-state fMRI o] g ¢] £ 74

O71%3 424 B4 P 57

- Resting-state MRl 94 HOHZ 7153 A24& E43h= Wye a7
Seed-based analysis®} Network-based analysis Z
Heuvel and Hulshoff Pol, 2010).

- A WA HA Seed-based analysiss A7A7F EE
FH9e g MR, tie HA I
dol & FYE0] oY= %%:— .

- o] WHES ARSI AFATE AR 7S AAS O e Reeie

H d9e vg AAsA 1.

83

T
oh G F ofdl $ESo| o Y3 AuHol YEvkE BAS
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Al H.
5 WA, Network-based analysis WHEA = vlg] #HEGS AAA &
I O BE Y95 T AE FHYo] & FY9E oA AEE Fil=
o] F =24l

- ol Fdske Mde wg kst tiEAHCS = principal component

analysis(PCA), independent component analysis(ICA), normalized cut clustering
5ol 9l2(van den Heuvel and Hulshoff Pol, 2010).

O & B A= Seed-based analysisS &

I
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- 7heH A2 ¥9 A4 seede 9% dhde] A m@A O

- B RuXoA AHEE P RS Seed-based analysisolH, seedEe ‘9= A

71 53] "Hright superior frontal gyrus)’ 2} ‘3Zuj)’d3s](posterior cingulate)’

c3:110]:][

T X

- (1) Seed-based analysis : Seed-based analysise] A3}= 3 w9 ol&)5t7] 4

Al AHEZ] 98 o) 2de AL

<&l 10> Seed-based analysis Z1}2| OA|
* ojn]x] Zx]- Zhang and Raichle (2070)
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NETWORK B
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Mode/Prefrontal]

€ = ¥ HC>BP/SZ probands
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e =
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5 y-motor]
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* ojm]x] ZX]- Meda et al (2012)

- o] A7e 2 A, 54 Aol ST, Aduzae Hugon
GIFT group2] ICA toolboxE A&

- el ol St 2w :Mﬂz B GF4 Aol BATNA 53 3
om HeAE @ 24 dedon Sl

o 2o A7) el 9 QA4 o) Be A0AR a7l 495
IS

m o) HReE 1=
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Zo] AT ¥ FREES ¥9FS 9FL #AF(frontal lobe), FFH

(temporal lobe), F7 <i(parietal lobe), 35 (occipital lobe)o. & &5,
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Lobe Lobe

<==— Thalamus

Temporal Lobe

Tail of caudate

Amygdala nucleus

<aml 125 | Do e o <aE 13> iEHel TWs YS9
+ ofm)x] F3 A

o htto/www.braininjury.comy/symptoms.shtm/ * ojmjx] 23] Calder et al. (2001)
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- ¥ HAAE EAete dEFHQ] PHESE AT HE4H(Voxel-Based
Morphometry; VBM)¥} o] 2] 2 57 -4 (Cortlcal Thickness Analysis; CTA)
o] U+

- VBMS 98- & Statistical Parametric Mapping(SPM) ©], CTA 2 9JsiAE=
FreeSurfer7} AAAA o2 dg] AH&EH 9L

O Statistical Parametric Mapping (SPM)
- SPM2 9= Wellcome Trust Centre for Neuroimaging ®olA /MEH A=
=too)=A  ‘Id 9 + Azt 99’ S 4L F A&
- F2 dlolf ‘dolAe] U=(density) £} &Z(volume) %S HIROZ EAo] o]

o] 4,

O FreeSurfer
- FreeSurfer= v]= Martinos Center for Biomedical ImagingB oA 7.
- ol =R WA 99 + (WS 4’ & ZHT & dewl 53] 9L 9
o] S7(thickness) 71—% =3t EdldE 59

Jlm
A Jl

AL diE 9 4 (CTA9 #3

O Wi nd 249 531 9 dloly A7 H49 &4

- Oy 972 B A ZxE ofge wWrtk A(gray matter-pial surface 737
3} & A(gray matter-white matter 74 Akele] AgE Fat= A, oA
o] HiZ tjx =& F7l(cortical thickness)¥d.
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<%l 14> Cortical thickness Of|A|

O FreeSurferoll A 435 = dlo]8 A4
- FreeSurferoll A =35 = o8] A2|abgd 2 ofl :ob 2.
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<E 2> FreeSurferdl M =8i=|= ol Xelztd

‘371" EﬂolEi ﬂ‘_:q 3’4’3 EPJ—LJEE,I]
STEP 1 | 7HQ19] Y7} BZF57HQ] Talairach OFS2tA0]| register .
STEP 2 | O+ 8259} skull § 2R gl 222 AV, <step 1>
<rap 3 | O €191 AT o] DA A Aol W (white mate) |
30 C}E 7 (gray matter, CSP 02 18 = p
STEP 4 S|¥RA] (gray matter)Yt BHA! (white matter)S -2oH= A&} surface”}
7Jo]=l (= white surface).
STEP 5 oA A3 white surfaceo] o]o] 3¥HAl (gray matter)} A}
(pia_mater)3- 7#5h= surface”t %JJH (= pial surface).
olof| -] MAJEl white surface@} pial surface’} Y2l 7]01 w]o] T1 At
sTEP 6 | 1T 8 “p PR VIR K T Y <step 3>

of 32 4.

e 2F9f skul S <step 2>White <step 3> White/Pial surface

XA matter T-&/ 5}

* o]Ojx] &A]: htto.//freesurfer.net

el FHo] $4uH o|Fd, ARIER AHd AHEES /AL o
S 9] processinge AXA . o|F Hhd the uF A9 BF 3}
o]E Fata, thEH|w o] A (multiple comparison problem)E &)A3}7)
A FAE AT F AAEE T B4 AR EFS(template

brain) 1o %A 2.

AYzA B ouldTe As 2 o)

Increased cortical thickness in professional on-line gamers(Hyun, Gi

Jung, et al. 2013)
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ORIGINAL ARTICLE Print ISSN 1738-3684 / On-line ISSN 1976-3026
hitp:/idx.doi.org/10.4306/pi. 2013 10.4.388 OPEN ACCESS

Increased Cortical Thickness in Professional On-Line Gamers

Gi Jung Hyun', Yong Wook Shin?, Bung-Nyun Kim®, Jae Hoon Cheong®, Seong Nam Jin', and Doug Hyun Han'
'Department of Psychiary, Chung Ang University Hospital, Seoul, Republic of Korea
“Department of Psychiatry, ASAN Medical Center, University of Ulsan College of Medicine, Seoul, Republic of Korea

*Department of Psychiatry, Seoul National University College of Medicine, Seoul, Republic of Korea
*Uimyung Research Institute for Neurosciecne, Samyook University, Seoul, Republic of Korea

Objective  The bulk of recent studies have tested whether video games change the brain in terms of activity and cortical volume. How-
ever, such studies are limited by several factors including cross-sectional comparisons, co-morbidity, and short-term follow-up periods. In
the present study, we hypothesized that cognitive flexibility and the volume of brain cortex would be correlated with the career length of
on-line pro-gamers.
Methods High-resolution magnetic resonance scans were acquired in twenty-three pro-gamers recruited from StarCraft pro-game
teams. We measured cortical thickness in each individual using FreeSurfer and the cortical thickness was correlated with the career
length and the performance of the pro-gamers.
Results  Career length was positively correlated with cortical thickness in three brain regions: right superior frontal gyrus, right superior
parietal gyrus, and right precentral gyrus. Additionally, increased cortical thickness in the prefrontal cortex was correlated with winning
rates of the pro-game league. Increased cortical thickness in the prefrontal and parietal cortices was also associated with higher perfor-
mance of Wisconsin Card Sorting Test.
Conelusion  Our results suggest that in individuals without pathologic conditions, regular, long-term playing of on-line games is asso-
ciated with volume changes in the prefrontal and parietal cortices, which are associated with cognitive flexibility.

Psychiatry Investig 2013:10:388-392

Key Words  On-line game, Cortical thickness, Frontal cortex, Cognitive flexibility.

<%l 15> Increased cortical thickness in professional on-line gamers(Hyun, Gi
Jung, et al. 2013)

Figure 1. Brain regions which was associated with career length of the pro-gamers. A: Right superior frontal gyrus [Talairach coordinates: 8.7,
36.9, 40.1; maxima: 3.17 (log of p); cluster size: 282.1 (mm?)]. B: Right superior parietal gyrus [Talairach coordinates: 27 1, -56.0, 62.6;
maxima: 3.1 (log of p); cluster size: 137 23 (mm?)]. C: Right precentral gyrus [Talairach coardinates: 40 9, -7.5, 57 6; maxima: 2.7 (log of p};
cluster size” 50.2 (mm?)].
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Figure 2. The correlation between cortical thickness and career length of the pro-gamers: A: Right superior frontal gyrus, =057, p<0.01. B:
Right superior parietal gyrus, r=0.67, p<0.01. C: Right precentral gyrus, r=0.63, p<0.01.
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3(48.8%)°] S H3IA =
201595 A Ao 48 FAHL A 7F 798H(B0.9%) AR = 769
5(49.1%)°] 3=
2016W% 3hbr] wd st A AL A ) 6749(50.3%) ‘oA
= 666™49.7%)°] S HEA L
0179= shibr] sid e A 74 A 7F 511%(L2%) AR
£ 4887(48.8%)°] S HEA L.
- 20189 = shub] wid Ao 4 e A7) 390%(48.7%)  “iAp
£ 41186L3%)°] S=3t9S.

E

2k ANty aEd T4 W3

<E 5 N8| d stuo] mFW 7N Hs

2014 2015 2016 2017 2018
sz 7o lmee) T e TEM b TS faig @y TS
. (%) (%) (%) (%) (%)
_L;L_‘ 651 32.6 505 325 430 32.1 345 356 278 36.9
=stul| 681 341 544 35.1 474 354 333 34.4 273 351
liiL 668 334 503 324 435 325 290 30.0 218 28.0
StAl | 2,000 | 1000 | 1,552 | 100.0 | 1,339 | 100.0 968 100.0 778 100.0
O AAHE7] side] wgd 74
- 20149 A wpdel stwd A ‘25w 43hd 6519, ‘FEw 1
shds 6814, ‘mSshm 1R’ 668 ZASIAL
- 2015 Aby] sjde] stww e ‘xSstw 58hd’ 5051, ‘Edhal 2
shd” 5447, ‘Fstw 23k’ 503%A 2ARIA R
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201649 4] sde] shd PHe CEZFSm 63 4309, F 3
Shd’ 474, ‘IS 3B 43594 2ARIS.
Fshal 3

2017 7] sde) stwd FAL ‘2T ea 68hd’ 3454,
ghd’ 3334, ‘nEEw 3shd’ 290 FA -

O A waiwol e 3 74

KE 6> AHIY| oy stalo] Me/mad st

20144 HI=(H) | 20154 BI=(H)| 20164 HI=(H)| 2017 BHI=(H) | 2018 HI=(H

1o oh
El oln

et 0 = 0 f 01 f 01 f 01

344 307 265 240 224 206 176 169 144 143

E&tuw| 332 349 265 279 226 248 156 177 134 139

346 322 246 257 216 219 145 145 103 115

o ok
El o

b

1,022 | 978 776 776 666 673 477 491 381 397

of. syl mFW T4 Wt
CE 7> siEb| T sYo] @ 2Ao| s
2014 2015 2016 2017 2018
sz T lniz@)| TO laza| TEH [siz@n| T aiz@) T
(%) (%) (%) (%) (%)
= =oF
_I_: - 550 318 510 325 449 335 346 346 287 358
EILA
=stw| 592 34.3 559 35.7 475 354 377 37.7 295 36.8
T1ES|
_L: | 586 33.9 498 318 416 31.0 276 276 219 27.3
EILY
SHA| 1,728 100.0 1,567 100.0 1,340 100.0 999 100.0 801 100.0

O A7) #de] g +4

20143 spabr] wjdel s FAL ‘Z%stw 63hd’ 550%M(31.8%), ‘F
Sal 38hd’ 5929(34.3%), ‘158w 33hd’ 5867(33.9%)% ZANES-
2015\ shky] wide] stwd FAL ‘ZEstw 63hd’ 510W(325%), ‘%
Sal 38hd’ 5599(35.7%), ‘158w 23hd’ 498 (31.8%)% ZANES-
20163 3hubr] Hde] dwdE FAHLS Sotal 681’ 4497(335%), ‘=
Shal 38hd’ 4759(35.4%), ‘asstw 33hd’ 416W(3L0%)H ZANES-
20174 shibr) wde) Swy FAE ‘xEstw 63d’ 3468(34.6%), ‘%
g 38hd’ 377THET.7%), ‘1Ssal 38hd’ 2769H(27.6%)% A S

O
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APE e B o 2YS BFol PadSel ojud FEAgo] WA
sher) JEAom Avnolel 3

APl Tolo] fA Folo] AZ LA tha Hol ok,

HadEol AU S AL oWl AXEA, B AL e Ao
A 4Bt BAWG] ofBA olFoixm 1o thik FHA ojrlg 7
& ol 55 o3 YA U FAL Aol Ba

529 JFHEe FAAL FES ALIAY AT = om (A
A&, 2015; vk, 2016; 484, 2016; WS, 2018; Coyne, S., et al,

2011; Shin & Huh, 2011; Zhu, J. et al, 2015), ¥ HuMJM = SA EF 2~

o Fa3 dRloE Hrof JSHEE AAF

Jev FEEHE] S o9 sk s, ojwd WA o FqtAoln

AA HzolA &l FAARI HERE AT + JeAdd A3 4

Dy,

flo do

5 FAlol FFsta e HE dFo=H FuidS F43k XA

YA E 1ARIth= 4528 o] F(interaction ritual; Collins, 2004) -3 ol

A BA, Bt 2] fiiz 4 olFE wAUS] o2 FSFHEY
o]

3 Hgho] Aol 2 Sl

BRE Aelehs Adsh Aldelehs FEE BAY 2HE FH3L Aol
AFHoz FelFoz ANH AUAS ASYel me WA WY
Fie BASAY He olel SAHI AAE BT & U

BE g9 TEACR UHE 58 Aol T Bt A
Fahorg.

FE BB W5 I A9 AL FF 19T @S] Aol o
FolHe Wl Jhs

HEARG oJue RN BE REst e A Aol 4
4% A,

AL G e oloplel gt Al 2HE AFSHL YA AUAE
Agsel, F4 JEAG B FUFOEA Fuiel DAL AFAHEE
.

28700 AYE 34 Jade] BN B/ o} He FHL Yol
Htjofets BHAAE oleiF ASIA 4B olshal] o,
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Aade] ghe 2EHOE olFsty] ffel &l et Alze] Bagh o

o
go rr

EeAA G4 AUS

- Aad A7lel = @‘6&% Zeets, o] AAE FudeS F}F 4

ox

Sl 838 98-S

5] gt 047}%%8 F7 % Hreference group)o.2Ae] o&3 &

o ol Hof AopgAA FAdl rlodste dEE 3

5& HAAQ A7tEo] HLFER stdg E=dS A&y fidAE

3, A o gAY S

AEze] AL kel i ALEES B HA ASA E2AR st
A4 - AFS, 199D.

r> nt

o)
- g aFE AYel LY WAE PN AU AT FFsgont

(Lazzaro, 2005; Cole and Griffiths, 2007; Martoncik and Loksa, 2016), T4 Al
¢ o] g A& wFoM= Fulte] FAHE wAYUSZ g oEE &

2
%

FEAg SR fohde AE ASIAE B4 4R Felshe A
shtel 58 oyl 458

- T ALESA ol G299 W e I=ZAE8N = M T

AR Bekagolr Be SRo| AEAAE AU 2AYEAAS
A, 2015).

S19i3) Bastel ok WA Fe 94 AFow
BE L7lE qrubgoln(eAs - A9, N1, BFAHY] e BEAZ o
[

& AadSol Fdske AEA Aozt & ¢ 95

pal
- /M 2EH2E qr1E5e 53 ¢824 9J3(Coleman & Iso-Ahola,



I.97he

1993).

53] adSS AAle] AEshe o7t MEETE 2255 2Ef 2 sl
ek a37h A YebEeldE, 2017).

ol AaAE oo HHAAE, 4FAQA FEAE s Fall AAA o
UAE 59 Hadso] Aol gk Aol gk sAde g5sta Al
Zro] =o}4,

Fa2tgol o

2

(ST 1 Aol B Fol E

AET IA AL BHOEA Aotk el tfF APAS B 7
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