Al eEA X QAR
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Fth 29 A AR BASE HAFF: AR’

A HAZHrask switching)S ©]-&3F Q1A A %—21]01] #3 T ATEL Ao I
el Tk Al 4§ 9ol e
g Foe T o] FEAY FHo]l 2HAE B, olsk #HHE H7]Ed
= gelxl vt uﬁ)r- weba] & A HA| Mgk #ek 71Ee] WA AFE tig
HEREA S Bl Frh FEolA] HAME o B AAH Aol aFEoR lF F7t
Qo g9 &3yt vehdeAl gelstaat siith F 38709 AH1995d~201 1)
A AFEE 433719 HEES Yo r A3} 75A 3= (activation likelihood estimation)H:
Slg3iel viE} ¥4 STk w4 AT, B FF AANDE SAL W 48 292
BA®BA 45), ﬂﬂ%”ﬂ(BAs 24, 32) 81 35 SR AABA 409 F7HQ1 ST @
c;;q e ok TN 9 FEdl FEHoE Helshe gdow AT shvd
s, AR Uelich ol Aske Sh) AU BHE 944 BAe]
ol Bue) el et Uk 4 98% AAHRE

Fl

l‘ﬁ

FHO @ mAIFE mEickl, 2IXIA EA|, cERR4, fMRI

v = A% AR taTiel g aTE0s.
t WA - REE, A%sm Qe ds, qo2Ton AFRAA BT U
E-mail : ckim@knu.ac ke

- 341 -



gl T 9 FAl
9o A5 el Bk 4L ¢
—t—um»} vE Bt G A
w3 Hse 8

£ 5ol 1 den @ 4
gk olefd Qg

ol

&

A dEZ FAsHA 3
st7] fJsiA= st A, A ¢
71¢F TVEZD)S A ®|Fa dA staxl o
Adell, Azt w7l digketrlel HFa ok

gttt Q122 &4 (cognitive control) = ©| Z A

el HAlelN ge TAzel Ase wo

[‘11‘

frAsHl & F J=F & F= dAF, AA
AT e E4] 7]A ol

QAA FAE QRte] HEES HHT + U
T2 Alust Y 2dea Agste 44
o] FAHEL x3slMiller & Cohen, 2001),

3} 7] S(executive function)?] 2+ E2]7|= 3o}
9% AAH BAe AAH, AR
AL W7 A A2e) P2 AEEE
Fo] it T AE o2 thel sk
switching paradigm) ©]th. IA] g2 shtel
AN ThE AR AR 1) pefshs ol
A B ek PHow, AL o
el whlg wEdos syt ge B
A& wpto] FsiA "ot o F 59, sk
o A7 AANHRNE W 2 A A4
b BsolAE BREkE BAE st
St s B 2x 4edE g
L e 4L Agse sk AD 2
e Agolth o@A shtel AN T
AR A 9 0 dehts Bg A7t
2}o]l & A3t H] B(switch cost)BaL BFTH(ersild,
om. 48 Mg dhis A4 T2 3
Az Aol KA AYHEE 2} B4

xS

ol
it

8o Q3 QAR A A E(cognitive set)S A
T3 T8 (reconfiguration) ¥} & gl W
ohH 2KMonsell, 2003), MFAY F5¢ A=
& SR U g ol 1
ole] Ze& HasP7E o
(Botvinick, Braver, Barch, Carter, & Cohen, 2001).

AFAA T ABH BAR A, A7)
AT 2AE ) 99 Be A7t 4
# Higled), 54 A7l AbeE Aesae)
Fraoll wheh Tkt ¥ go] Hojste AL
2 HuHdth o7, Pollman
Weidner, Muller, 200002 A
AeAFAE GG AT, AT
(frontopolar cortex)©] A M Zho] A 7]
55 3t Eudk ¥bH ) Derrfuss S(Derrfuss,
2004 A FAH
(inferior frontal junction, IF]) d<jo] A A3k
A Fed 98E Bna T ol
U3 old A7l AHEHUAY A =
ol weh g Ao Holn, o|9} A3}
0% Meiran®} Marciano(Meiran & Marciano, 2002)
& A 2+ A gho] A}=stimulus), HH-g(response),
QIR A M| E(cognitive set) T2 HA 371X
T AAz EFddva Agsisin. o %
Kim 5{(Kim, Cilles, Johnson, & Gold, 2012)< |
AFEcl W viek £4E ol &8 ol

% Asd a5

S (Pollmann,

& von Cramon,

Brass, & von Cramon,

of

3 ARA =AZ

N
ox N o_|>:,

=

Z(context, &2 QA& A E, cognitive set)2]

of 77te] w53 A
3}
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elective) 2937} UEhGS gelskgln 7
Adem, 92 AeE 99 225 Bhe
rostral portion of the dorsal premotor cortex,
prePMOS A A% 3] 58 A B4 5
A1, A5F= I H(the frontopolar cortex)> =&}
A A F A DS He dew U
Bt % A5G ZAE A2 gelo] ol
2 A% Aol Bela AHen F= o
o] A4F A Al Beldtis AL &

3
5]
g} o3 AL o|F 7157 7| FHe

rg O

o

’J(functional magnetic resonance imaging)= ©]
g A ATE FelA oA g W EQly]
THKim, Johnson, Cilles, & Gold, 2011). ©]& gk
AT AHEL Aol AHEE A9 A F
ol wet Bofstes o AAGe] G2k F
A= AlAkgiet

SHAIRE B2 AFE0lM Abgete A
Ale 9] dAd shte] AAS FP T
A5 &2 wkg F79 Age aT5e
o] ofet F 7FA| & 1 oo HHA
FEelst T FEolA e Heho] e of
Atk A, Meiran [ A9 HF
(Nachshon Meiran, 1996), A|A %= A}l )z}
SH el BE F Y IAE Aot &
oA Het o HAE FHs] HalHe
AN E = A0l g 2w 5o gk A
gk 8 uk ofe, whEel ik de 5 =
& eFHTHd|, shel Wik
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AgTA| = FHEste] o] 5o
A Aol7t AEAE HE

tol 2ele] Buat e} o,
(Kim, et al., 2012)0]|A] Al&¥ F}A|
3 & W {99 Me B F

szoz 74zt PR} 013371 “H%Oﬂ
g

(e}

o
4

(e

kxf}
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[e]

oo i pE 2 pE I
fo
&

O o

of
£

re

FN e
-Virﬂf
1o
:(OFFI—\I:(O—U

13

T

o HAE =55 FolA AF d(wnch
condition)®| WFE ZZ(repeat condition) 22 H|

A3t ZZ(non-switch condition) 2T} ¢ 243}
HE e Had At zdeit W
A A3 wgo] R
A ANDEES)Cl] AFE-GE 2R E2 19954 ol A
20119 Ajolel ¥ FARCIEH 2712
IJAHIMRI) = kA 2
olga AE B Ebel ¥ BYIE

FEL Yoz A ANE A
75, 5 dAblock design)e} A}

A Al(event-related design)S 2T FEIHA|

_>|~l_‘

ol

i

L

o[}lr

L

o2

1 ok

ot? C\ngl
T
Mo o o

>~
A

24
=

my et 2o R
e

FANE e YA P 4T 2t
& ZgAReM, wek Fe 4 o =
e Fe 49 W B4 g9 a9 vast
e w2 MadTY A% e 45

Ainte AT E= P dddE A
= o &% ﬂﬁ‘af_’_ Aelstslon, &
T O gAETE uie
TE Agsin. FhHoR
Talairach == MNIS] % AAQ] gt =
$z und 4708 TG
g 7 BEAE o Ak A vt
A5E oA A9l Kim =(Kim, et al., 2012)
o PEREAAT AHEUR ARE £ o
A AFE9 2= AS A9 v HAg zf

tt
_‘

o2
4,
re

A2 F7E ATelst AF0RES)E] A8
e ARG 2 AT viER 24elA
AHeE E=Re B2e E 16 AN

R I L e e
ZAAO R Wo| By 1
ol elel gtk 1 2 ATl @
A3l 7154 F% (activation likelihood estimation,
ALE) 7]®(Laird, et al, 2005; Turkeltaub, Eden,
Jones, & Zeffiro, 2002)S ©]-8-3F GingerALE 2.3
3 2 7 W (htep://www.brainmap.org/) S /\]——9—6‘]—0%
Wg BAE gaRit. 248 b
(ALE) 7]"§& HA(voxel) 7]%te] wEHEA]
oz, E\%L 5‘4 G AFEelA E‘xﬂ.*i
A 9] ZE =

H o] th(Laird,

et al,
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g - daxs / St = oA deoll Hofsts HAEe: HER2A

E 1. ALE olEt E4of ZeEl FEX2| RYE M A7E2 55

AAA =) INAE A R

AFOREE-S ATE F Whg A% AAE S AF

Barber & Carter (2005) 13 AZ-0kS- B-AX] A S-R incompatibility task) 1
Barber & Carter (2005) 13 AZ-0kS- B-AX] FA|S-R incompatibility task) 4
Brass & von Cramon (2004) 14 222} Wl 3}Adigic discrimination) 3
Crone et al. (2006) 20 A7t H 2R (visual discrimination) 17
Dove et al. (2000) 16 A1zt 2] Z}A| (visual detection) 12
Dreher et al. (2002) 8 22 Y 1A (letter discrimination) 7
Jancke et al. (2000) 6 =712 2] 7](finger tapping) 3
Jancke et al. (2000) 6 =712 2] 7] (finger tapping) 5
Luks et al. (2002) 11 222} W 3}A)| digit discrimination) 2
Luks et al. (2002) 11 222} W 3} A)| digit discrimination) 1
Luks et al. (2002) 11 222} W A digit discrimination) 2
Nagahama et al. (2001) 6 HE Y 9 ~FAIL=A E 34 (modified WCST) 9
Parris et al. (2007) 22 S5 A& A (switch response rules) 11
Pollmann et al. (2000) 11 A1zt E2] Z}A| (visual detection) S
Pollmann et al. (2006) 20 A1zt EkA] #}A| (visual detection(odd one out)) 12
Ravizza & Carter (2008) 14 A1zt kA #}A| (visual detection(odd one out)) 2
Rogers et al. (2000) 12 A1zt ¥ FA|(ID/ED task) 3
Rogers et al. (2000) 12 A1zt ¥ FA|(ID/ED task) 3
Rushworth et al. (2002) 10 A1zt 2] Z}A| (visual detection) 2
Sohn et al. (2000) 12 who]-222} ZHA (letter-digit task) 3
Zanolie et al. (2008) 18 Q=] A3t #}A (location rule switch) 11
ASOREEE ATE F AT A% A S A AT

Brass & von Cramon (2004) 14 222} Wl 2}Adigic discrimination) 4
Crone et al. (2006) 20 A1zt R 914 (visual discrimination) 2
Gurd et al. (2002) 11 Ao} 324 A (verbal fluency) 2
Liston et al. (2006) 19 A1zt 2] Z}A| (visual detection) 7
Liston et al. (2006) 19 A1zt ER] Z}A| (visual detection) 2
Liston et al. (2006) 19 A1zt 2] Z}A| (visual detection) 2
Pessoa et al. (2009) 20 A1zt 2] Z}A| (visual detection) 8
Pessoa et al. (2009) 20 A1zt 2] Z}A| (visual detection) 10



Pessoa et al. (2009) 20 A1zt 2] Z}A| (visual detection) 2
Pollmann et al. (2006) 20 A1zt kA #}A| (visual detection(odd one out)) 5
Ravizza & Carter (2008) 14 A1zt EkA] #}A| (visual detection(odd one out)) 5
Rogers et al. (2000) 12 A1zt ¥ FA|(ID/ED task) 3
Rogers et al. (2000) 12 A1zt ¥ A (ID/ED task) 6
Rushworth et al. (2002) 10 A1zt 2] Z}A| (visual detection) 2
Serences et al. (2004) 15 F9] A3} 3}A|(attention shift) 5
Serences et al. (2004) 8 F9o] A3} 3}A|(attention shift) 2
Vandenberghe et al. (2001) 6 F7F F2] A3k FA|(spatial shift of attention) 4
Wilkinson et al. (2001) 12 A7t i 2R visual discrimination) 7
Wylie et al. (2006) 13 A1zt 2] Z}A| (visual detection) 11
Wylie et al. (2006) 13 A1zt 2] Z}A| (visual detection) 2
Wylie et al. (2006) 13 A1zt 2] Z}A| (visual detection) 19
Wylie et al. (2006) 13 A1zt ER] Z}A| (visual detection) 4
Zanolie et al. (2008) 18 HPE A1ZF ¥ ZhAl|(modified ID/ED) 4
AZANDUS A BAZ ALET AT

Brass & von Cramon (2004) 14 222k Wl 2}Adigic discrimination) 3
Cools et al. (2004) 16 A1zt 2] Z}A| (visual detection) 11
DiGirolamo et al. (2001) 8 A IA| (digit task) 68
Dreher & Grafman (2003) 8 ZAF Y Z1A (letter discrimination) 14
Hyafil et al. (2009) 24 Hyde 27 ~EF 3A(modified spatial Stroop task) 15
Hyafil et al. (2009) 24 Hyde 27 ~AEF IA(modified spatial Stroop task) 8
Woolgar et al. (2011) 17 S5 A& A (switch response rules) 18
Rubia et al. (2006) 7 Meiran A3} 244 (Meiran switch task) 7
Ruge et al. (2005) 18 Meiran A3} 244 (Meiran switch task) 2
Ruge et al. (2010) 18 W& Meiran A3} Z}A|(modified Meiran switch task) 6
Schmitz et al. (2006) 12 Meiran A3} 244 (Meiran switch task) 9
Smith et al. (2004) 20 Meiran A3} 244 (Meiran switch task) 10
Sylvester et al. (2003) 14 %22} 22+ 314 (Count operation) 14
Yeung et al. (2006) 18 A1zt 2] Z}A| (visual detection) 12
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MEgs - 422 / SO 59| DA Metol| Hodots =MET: HIERZA]
4 F e FEEY 22X & dAdste] 5A g wE AL FAEGTh olF 8l E 1
ARl ¥ A3t ARE AFetet, 5HAQ o AAE W WS A A5 AgE A
oy o i3 9 1187), ®kg-
2k

(full-width half-maximum, FWHM)S 7}A| &=
249 7F$Alet B8 F(Gaussian probability
THoE ¥ 3Hmodeling)¥ ™,
o] gt v SKsmoothing) IF- 4l of 3
H|(signal to noise)®] H]&S o] FTHEickhoff,
2009; Laird, et al, 2005; Turkeltaub, et
al., 2002).

distribution) &

et al.,

Ay,
Aol 2 u,\°H7] #|8l Talairach HEAAZE 715
o7 FAEGTE olE 3 MNI HEAAE
AHEste] HaE AFES GingerALE 2.3 €]
‘Convert Foci’ 7]%52 ©]83l9] Talairach F3F
AAR AT F 42 FP3deh ALE 7]
HE A4 T AE o 23 Aes o
T Hu=E e Yehve /S s8] 9
3 p<.05 ﬁ“—%"ﬂ*ﬂ ot
FDR) B WS A 83t ASaitt AF
AF}E MRIcron 3E 2 713 (hetp://www.cabiat1.com/
AF8-8Fo] Talairach FHEAAE 7]4k
o2 3}t “colinbrain” ¥ ¥ 9o JeERNATH
B aTdiE ud doleg weos
sl A W) e S e U,
A% A% A 24 A BB e
¥ gz g AR A #9 A BEI}
3 s wielst

A &(false discovery rate,

miricro/)<

9] & n6/Y HEEAF gk
A%k 187 %?..}1} = 01‘2 B899t}
=4, A= A Z Al a7
= A8 Ao 6‘}
g o L43} H+=
3l ZF 19770¢] FHEEol thal
2. mpR|gto 2 2}=AND
.

33t He H 993 A=S0R
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243}

(supplementary motor area;
(Brodmann area, BA) 6@}
wj el S A9 SDLPEC, BAs 9, 46)°ﬂ/‘1«1
2s7h BN en, O 9 +3
712 H (precuness, BA 7), SFHe| WF33
(Fusiform  gyrus, BA 37) 2 AlZ} 3] & (visual
cortex, BA 189l 2] 243517} 1%_-‘5] ATHE
2). ¥ A=ANDRRE Z31 o
A A, Hollre B
HHS’%"@H‘:‘M(BAS 9, 45), ATN"d3] (anterior
cingulate, BA 24)0l4 9] @Ayl #AEYL
o, FHA A7IUARABA 7) R LA
% (primary somatosensory, BA 2)o|4] 2] &AJ 3}
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e - daxs / St & oA ol Hofstks =g HEr2A]

Mek otH|(RAISOREHS) ZAoA 9 24

or
02
12

Talairach Z}3E Ba 2=
g Ll x y z BA ALE (mm’)
& S| Precenceal Gyro) A 4 2 36 69 0026 3984
| A F3|(Middle Frontal Gyrus)
A7 53] (Superior Frontal Gyrus)
e TQP(Mede FromalyGymS) 4 -8 10 48 6 0.020 2728
2] 7] 2k 2~ <3 (Precuneus) =4 =26 -68 34 7 0.026 1696
3} & 53] (Inferior Occipital Gyrus) < 32 -80 -4 18 0.024 1440
2157 2~ (Superior Parietal Lobule) =} 32 -54 52 7 0.023 1288
HF3=213] (Fusiform  Gyrus) % 48 -54 -8 37 0.016 984
2] 7] 2k 2~ <3 (Precuneus) =4 -6 -74 42 7 0.012 760
2157 2~ (Superior Parietal Lobule) < 34 -60 42 7 0.016 736

Z+. BAY Brodmann Area®] 2FA}]. 2| Talairach Z3EA] Aol

=5
w
Rl
W
>
ri
=
T
OIO

Mg oH(KMSANDERS) ZZof|A S

we} AR mm),

& 2 He
Talairach Z}3E B 5=
49 s X y z BA ALE (mm’)
7‘: Q(ﬁ;}; ::; Fé;tzl) Gyrs) < 4 8 48 6/24 0.020 5640
3} < (Inferior Frontal Gyrus) =} -30 26 6 45 0.025 1504
S %3] (Middle Frontal Gyrus) =} -38 30 26 9 0.016 1200
ZA1 72 3] (Precentral Gyrus) =} -40 8 34 9 0.017 856
2] 7] 2k 2% (Precuneus) B -16 -66 48 7 0.016 856
A1 %3] (Postcentral Gyrus) =4 -44 =24 32 2 0.019 776
3} (Inferior Frontal Gyrus) < 36 24 4 45 0.016 760

Z+. BAYX Brodmann Area®] kA4, 92|+ Talairach F3EA| A

o uke AAH S mm).

7F HEEJKE 3). F 20E A3 vlug Adids|@As 24, 32), a2 s}%xg,

=

£4 23}, AFANDH
b zuc o 243

£59e@Aa 6% B9Z A

D:
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A
du
>
o
B
3
oo
>
o
=l
=
=
du
>
=z
(W)
e
oo

Talairach 3% B4 £
9o Ll X y z BA ALE (mm’)
) A3](Cingulate Gyrus)
o ZIT-ngs Y < 1 -10 42 246 3.897 3496
| WA 53] (Medial Frontal Gyrus)
3} 3] (Inferior Frontal Gyrus)
N ’ = -30 26 4 45 3.719 1400
/ 33 F(Insula)
3} 3] (Inferior Frontal Gyrus)
N Y e 36 16 6 45 3432 648
/ 33 F(Insula)
3154 A~ (Inferior Parietal Lobule)
e 46 4 29 402 3016 560

| 51 53] (Postcentral Gyrus)

Z+. BAY Brodmann Area®] 2FA}]. A& Talairach FHEA A wat AAE (&S] mm)

¥0 1o
» § =
RS

b !
= -
olo e

S
PN o
N
o
> rlr
N of,
]‘lj 12
o rlo
=
2 n
olo %
BN -
)

52

nj
rlo
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o
S
N
N
)
-
i)
pas
o
o
2
L |z

o
1
L g8
2

2217, & ASANDERE-
o A dol=7} ASORTHg = E T
wf ERAA S Blsky] flal, Al
TFEAA AAE
= o]&3 F714
& $l&l A=ANDHE
Aol djFsle AT

H§ A

doHE N

oo 2 N AL P S

Ui oo o T
M

2264 AN
A A dTE T
A, Bad P Ad ARl 2 F-E(error rate)

oAV ©ER AAste] B3 kS Hmet

o] A3 H]LL 1034 ms(SD=114209t}. &
Adeze F D 2 A3 v g Aole
51.1 ms2 zZpo|7} 9l Aoz Holu EAH
oz fou3t Aol gl Aoz Jehdt
[€(28)=1.49, p=.146].

AZANDHES 277 AZOR¥HS 2719
Aol

g Aol BAlo] Frkael, AFol} wrg
A% BAZ ol &F ATET AT s A
o] BE a7HE BT o &7 ATE A}
o9 FFHoZ Fol¥t M 4L FAY

F 5o AA}
(AF=ANDRES- ZA3 AZOR{ES Z7)o) A
AR oo FAEE Y9E F

=
23, #ukgel o+ A Ginferior
junction, IFJ, BAs 6, 9), 57432 (posterior
parietal cortex, PPC, BA 7), A3l 2 JH
F2BAs 32, M 2] DB HEH AU
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Mas - AR5 / SO 72| DN JEto| Uofots =[MEY: HEHRA
¥ 5. A=SANDES T XISOREHS =240l CHet A% 2ol Chst 2Ast oo
Talairach 2} ER
44 e X y z BA ALE (mm’)
=7 F3](Middle Frontal Gyrus) =} 40 8 34 9/6 0.016 472
/{jd_j;‘;ml N j;fj” 4 4 0 48 206 00 456
#) 7] 9k~ (Precuneus) z -8 -70 42 7 0.011 24
. BAE Brodmann Area®] 2F2}9]. $]X|& Talairach ZEA|Ao] ot AA (S mm)
= 9 F9)e] shtel HE A FEFw 23E A
g BAE S vdde e @stthe
B dATE dgdAe] eEHe FRA Helrh o3 A F U o]de] FHA
T wEh AR old ¥ A7dWe] B g §3& Edste IAE A o s}
= W Ad dFES HIReR slo, T & o] ©x] ztzke] FEAE {3 o
FEo] 8FHe A @ FEe] 8FH dte 95 PO ojFojxe Aol ofd
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Neural Mechanisms Involved in Multi-Dimensional Task Switching:
A Meta-Analysis

Yunsu Jeon Chobok Kim

Department of Psychology, Kyungpook National University

Recent studies on task switching have identified that the brain regions involved in cognitive control are
different according to the information processing types included in the task. Task switching paradigms
used in previous studies has included two or more information processing levels. However, neural
mechanisms underlying multi-dimensional task switching has been unknown. In this study, we petformed
three meta-analyses to test whether the additional brain regions are involved in multi-dimensional task
switching compared to uni-dimensional task switching. From 1995 to 2011, a total of 38 switching
studies with 433 activation coordinates were analyzed by using the activation likelihood estimation (ALE)
method. The result showed that the bilateral ventrolateral prefrontal cortex, the anterior cingulate cortex,
and the left inferior parietal lobule were more activated in multi-dimensional switching compared to
uni-dimensional switching. An additional conjunction analysis revealed that uni- and multi-dimensional
switches commonly recruit the left inferior frontal junction, the posterior parietal cortex, and the anterior

cingulate cortex. Our results suggest that neural networks of cognitive control associated with task

switching could be different according to the information processing levels.

Key words : task switching paradigm, cognitive control, meta-analysis, fMRI
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