el eg] A A S A=
The Korean Journal of Cognitive and Biological Psychology
2011, Vol. 23, No. 3, 431-463

5 A%l e 9A Ao B ¥ BE Ao B4’

Ny
rl

of
o2
=
A%

B ATE §%5 A S5(fuid intelligence)?] 7] 2}ol| whe} F2 F2] Q1A A|o](cognitive control) 7] A2} FHZ ] &
ol g FUNLAT Lopigieh £ ATANE QAR Al Fh A WAE 298 53 R
(analogical reasoning) A7} AME-EHATE QIAA 7 (cognitive interference)?] A7} EH2(H2) Al E HlE
FES fa A 2 AT AA A7t v Beol@A) 2o A3 16X JAH e el e
AEA +99] Woph AN, ABAES A7 Aot o] BaY FE A9 A% 194 B A9
Hlwat] o] $& O FE Wiern E4 Fo] ARtE At A3 2°ﬂ Ae 7154 A7 38 9 7I71EMR)E
ogdlel 22 F AHE A AT A4 Aol A5l A 97H W FE A0l £ HPAEAAN
G5 ) 0 2 S 1 9SS 5 Al £E5a A5 e A 20 AT 2o

o794 u, oFkge] A i 3] A (anterior cingulate cortex), A]Zt I A (visual cortex), W= A F(medial frontal pole),

$HEe] o)== AT 9] A(lateral prefrontal cortex), Z3(midbrain)@] B-Z 1|7 4 H(ventral tegmental area) 5ol A

o dF 50l o A SR E dTeM e tdd mgte] A Alo] 3 F8 Al &% SUlske A
o2 del 95 AAT A4 A o A, A7 HHFo], FE F AA Aol VA AEHE FHE ¥ o}
Uzt 5 Aol 5255 1 8% £FY 37Kl Avke Zlo] ERIFAT oA, It oz Q1] A 423

ZIAA BTt A 8he] E(deactivate) GGl &dhe WS AAF 3 (medial prefrontal cortex) S &

[}
Aloll &5 FEol
=572 %5 £330l @ AA|dess deactivate) E ) o]+ %

A 53 N H9l 27 RE 8%l A%E F drke 7129 o

ox

H Azl Qo] 93k WA o] T

£2 s,

FHo @ RE A5, 7Isd A 3E S, FE, 2AX| M|, JHARE

=}

* B = A o] Ae Ald, u|= National Institutes of Health, Office of Naval Research 2HE] 2]
WOlTNIH - MH072613, ONR  N000140810186). AAF= Afto] %8S Z Teena Moody, Leonardo
Fernandino, Guido Schauer, Russell Poldrack, Barbara Knowlton ~12] 31 Keith Holyoakol| Al 7+A}3+c.

T 2AAAL 278, (156-756) Ae5HA T SAF 22194 TSt 42
E-mail: soohyun(@cau.ac.kr
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F% A %S(fud intelligence) 2 Q] A}
E 53] MEHnove) EAE AL =
A A TEHES Do TKCartell, 1943; 1963). ©
s e Adew, 244

incelligence)> 7] 7] &ol| A3H HEE
01 oM FAE HET 5 9
= %ﬁolr/}- & Ase 244 Aol
& Azl am, dutgoz v} %—ﬂr/
vuchbe Ads o 2e gl U §
A= AAA e Az g2 x4, 4_1
AstA 7)Ao 7]H1-:l-1‘/} 54 Ase 2%
o sl %
3lol| ual 7_3,6‘]—7-“ A} 51 thSalchouse, 1996).

% AT £4 Fe e Je 7%

rfm

e

A| S(crystallized

flo JZir

7(4 x]

Aol AuAoln WAL £4& 71
2 F QAU}(Duncan, Burgess, & Emslie, 1995) or
Parkinson’s disease(Gabrieli, 1996).

A5 A AeE 28 A9 AEA 5

P} =2 AHAFJAE 71 KSnow et al,

er 9
A, oA Aoy 5 JHE #AE
7Hds Aol Bkl A 3K multi-dimensional
scaling) S Eaf 1= TtKSnow et al, 1984;
Prabhakaran et al., 1997; & 19| 29 1 3
2. olsh 2e HY ATE ez fF F
& 79 Au A2 B3e dgd 9ol 2
A #FE A% A 84 HgE Aoz

22 B2

Zlge 4 ok E A+ 5

wf Q1A Ao
mechanism)E 99ste 4 JAdE9 dEo] &
T 2% sQlate] wel o9 ek =R

=2 B =]
= v:éi 3

7] #|(cognitive  control

§3 22e % A9 T4 09 BAY 7
Z (relational structure)®] -FAMIS Fedsl= Ab
a2 ot} & 5ol, oA 1d Yehd
% 2o Wed 4w e ew gk

FEo £
T

[o]A] 1} old man : cane :: baby : ( ? )

@ mom
@ diaper

@ baby walker (3 baby formula

%
.
o

dA 19 5 F& A8 =71 9

A= WA ‘old man(ZrobH Ay e} cane(A|Foly
o] #A = AFPole ToluAr} A AL &
== E%‘it T @] 1] A

(relation)& TF}sfjof ghrt. 1 Thy
S AEE EAAA babye}]yell
‘baby walker(E37])E HFo w2 F=
Atk #FAGE Feteta ols MEE
o Agste BHS BAF BT (elational
integration)o| 2} gttt BAA THE {F F
9] AAAQ 1A ZA o] th(Halford, 1998).
9, gutE {3 FEZ fdAe Bde

X

oo i
ol

d

N

],

d

:?L_"
by 1
ox ¥ rd ox

1A A 7+ (cognitive
interference) & | AstE QA A 9] (cognitive
control) o] Qs oS Eo, dA| 19
vl /M9l B7] oA ‘baby walker(HE]7]) S
Aeton Masp] dadE e uosee
o] 7HS ZEgo} 3t} £3) oA 194
9} Zo], g H7|Eo] HZQ ‘baby walker
(Za7]y sk Wwd o ‘babyolr]y kel <fw] A4
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_>'_
or

Of e QIX] Mo 2 = ZS2| XI0| 24

(semantic  association)©]
A& 2 A|(inhibition)3}7] $)3
o Agol § el e7drh

‘baby(©}71y 9} ‘mom(@RP’ L ‘baby
(°}71y 9} “baby formula(F-
7ok diaper(Z] A7) =
Walker(E?SEﬂ) Hr} «1 ]

oo

N

—

2L

=

‘baby(©}71)’ 9} “baby
o2 ¢ HatA 4
121 Ao 71A)

9] (executive attention)S 7]

oﬂ@-/} oﬂzﬂ:oi o3

Mx—a At )

[ A] 2} center :

@ sharp (@ narrow @) outstanding

Ziel! ?‘4%01 ohd 1]
nAew g
@4 X*Cﬂ a7

exceptlonal (&%3h

AR fAbEed ¢

a1 4 A 2 @) el 1
o el A @AY cfel dlel 23

2 227 99 A9A Fele

ou, ol 7

F 32 #AR 9 & vk old@ A9
= Z
=

QA Aol R AgA F7t ke A5

oN.

=

M= olAH, uA Ag «1?*
|

A
= H&"éf‘f?—t— ¥ & ol oA 22
A s Rtk

7% 789 944 74 229

o
4
ru
lo,
i
N,
rE
9

S =
l?lo MARED
N

N

N

S —
il

© @ o

o
tlo
oft
>,
=2
_>’I|_'4
ACH
ol
ol
rir
>~
>
=
i)

lo % ox P

tt

b
2

gloF & 4474]” R b] e
B2 (relational complexity)©] 2} 6]———13] o
AR A0l S74ge] wet <A
(cognitive load)7} 71Xt} #AA B2
92 AFHe 71%5S FBew s #AA
W40l 27hg0l weh 3% pao] Az
SEEEFEEEETDEVEEPT

2w A TH(Viskontas et al., 2004; Kroger et al.,

.llm qr =
o ol i

me

s

2002; Krawczyk et al, 2008; Cho et al, 2007,
2010). E=7F AFHe 7] Habd =9l 3

o
& AFgel om P75 wEHA ge ol

re

=

O
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T WA S oEee Asde A
o] HEQTHWaltz et al., 1999; Viskontas et
al., 2004; Morrison et al., 2004; Richland et al.,
2006). B74AR1 ARlo] H4TE WA F3ol
279E F8E e 59 H2 299 23,
A0%Y, FHE, 359 59 ¥ Foly
gzo] Z=7}5] 9 tHPrabhakaran et al, 1997;
Christoff et al., 2001; Kroger et al., 2002; Luo et
al. 2003; Bunge et al, 2004; Green et al. 2006;
Wendelken et al., 2008).

aw, 2eel A4 74 eazA ox
Aelel ¥ A e AFE ok B o
QA Aol el a4 9% F Skl
0122 I A|(cognitive inhibition) ¥} o] FF F
2o 2B AT 249lc] BEzl A% v
A 2 dolth. HummelZ} Holyoak(1997)

e % FE9

Al7d7 Edl(Learning  and
Inference with Schemas and Analogies; LISA)S 7H
Fetged o] Rde o8¢ Aledold 2
o 2™, §5 F8 F WA L 8t

7] YEME QARAA Ao = A A7} &

AatA 71%sallokst 1) EHe] H3alE(goal-
relevant) FAEFS MElA o 9] 7194

E_ﬂ1
AstaL, 2) B8 =
Fes A 719dA uiAlskaL, 3) tiE|H
HAA HEo gutE % H(alignmen)Z} vl
(mapping)©] 7} Hummel & Holyoak, 1997;
2003). QIA[A Aloj= Mgk F& W opdd,
RE BE A el slo] EeAola B
St At g BRS EA9 A s Ri=
Al Zo3gk QA ety # AFoM s
& As QIR frE AlEe

]

A A Ao} 28 o] o FF e BAS

ot

Q404 24

Soluz} gk,

Aol @5
Ao ne

2~
nn
9

o
L ow

FSyIYN v = University of California, Los
AngdesUCLA) Tl8te] 917 Aeld SedS
wareRe S el Az Azl el
WA AEREE wE JoiF wo)
2 AR

217 A8 A5 3 A (SuperLab) ASZES]
o2 Zzaw e pC AFH EYH
2 S9RE ANHdT wee Faw

ob kg AL T2 F5 Wder A

AGAEAA AAE
F 32 BAELS dA 39 AAE upe} o]
ul 7He o] ol TAEUY. FE

w2 ojefel= T e Bk AXHRL o]
= e A% D), o2y o D))
Ak A=tmt otte] o wE s W
2el7] 98t Aol YZd] AAH Ao}
o] QEZ AAE Alge 7t B3}

E
73
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S Alsof T QU] Mo 2 = #s2| X0| 24

[ol#] 31 A : B = C : (?)
OD @D
C %D ESCSD 7 oy A
7} E University of South Florida(USF) word
association, rhyme, and word fragment norms
(Nelson et al., 1998)o] ZAsl] =AH=EUTh C

9} D 7t a8z € & D’ 7+ 9u|A A3dke]
% Aol € % D 3t guld AF P -
%D 7 el A ABE enld §
A|9(semantic facilitation index, SFZ 7 ZF3l3s}
9 THMorrison et al., 2004). =, 2u]& g-o]
FE ol e ond A% wAt =9 F
2 it &olsHl steAlE UElE
Foltt. & AFelA e o SEel w2 Al 7HA]
zZ7o] AMEEITE 1) C ¢ D 7] ¢
u4 Qg Hwok C 9 D gte] ojd Ag
o AEHET £ BIFES I (positive) SFI
kel oA A Hrert C
% D 719 guvq Age FEs fA1F B

=2 ZA(neutral) SFI 27, C & D 7t

@)

o

B

)

oud A J=7b ¢ 9 D 3k ouy 4
ge] Fmroh @ BYES F-A(negative)

SFI 2702 EREAM A48 =1 93 44X
7F & 19 AAEHAS. FA SAH 24L ¢ 9

nA A% AmrTh 7Febr] wgel] oje] <
oo tigt FE Art =g F2S o &
olsH| at= A zHdolth. wabr, FA SFI
Z1o e o] 2he] ofulA A3 AL A
g2 12E Hd =8c] He Wakow o
= PRER QA Ao & M Fo7t 7}
A AA ded 49 zdolg & & Uk
Wi 2 SR 24 ¢ 9 D He] ojulF
A3 A=rE € o D 3k ofuA AF A=
Hoh oFsly] wjie] wole] oo tigh FH
A7t =8 FEo e oPlshe A3
ZAolt). webd HH SF 279 BIES
Z o S FE] 9 AA Ao g
o] 714 ol Fasitt FHA SH £ C
¢} D o] om|A Ag} ZFwrt C ¢ D 7H
oy A Amet fAksly] wiiEel] ol
ofule] tigt FH Agr} =gy F2d &
FFE A @AY 2otk wFA F

0.674; =924 SFI Z7: -0.111 ~ 0.112; §&
SFL: -0.761 ~ -0.122 o|Qlt}. RE &A= 7
Ad 24 9 307G 070)e] F2 °
EUh wrRo g Qg A3} JF(repetition
wiAlst7] st RE wole
gk WY ARESETE Tk ojnF At ¢

@ £AT oA & Ut e Aa4F W

priming  effect) &
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2

M 7R Al =A S oA ZF ofmlel S dofl MAIE £ 2T & YEES A2 MR BIIEINe

1 EL
thol 7 ooy oigto| MTHY HEE statme| FHE EAISIAC

SILVER : METAL :: FORK : ?

= FORK
SPOON UTENSIL
UTENSIL
GAS
=1 PEOPLE : MEAILS :: CAR : ? CAR
e GAS DRIVE
DRIVE
BABY
PUPPY : DOG :: CUB : ? /
2 2] CUB
BABY BEAR \
BEAR
ol 2 D9 D 7FH oo W T word ¥ dF To]= Sternberg and Nigro(1980) A&
frequency) B! FFA|/J(word concreteness) ©] zto] o AREEIY EAEA TH AT

£ FAsIY. ©olo Wims gl A
3k 7= 9A] University of South Florida, word ~ &EX} ¥

association, rhyme, and word fragment norms 7} ettt

(Nelson et al. 1998)°l|A # 3}ttt 2o Al& o] +3H9 SAAHL AASHE Aoz A

ENJOY : LIKE
FALL : ?
AUTUMN  SPRING

22
82 ol ulol 4

38 217} ¥hS 8 w21
AN




2 Q el AAl AIZEE 2-16% AlolZ F E 2. SFlof| wE MEzel 8g AlZke| J|5tEtA
Aow MAAHAT. A 7+ HGnter-wial ST (geometric mean) It EE 24
interva) & ©] 9} o] SHIHGA FAIA HA SEL A SFL FA SH
(random jittering) ©. 2 ZA3F o]g= 7] B uke AIZE 3171 £ 125 3195 + 124 3294 + 124
g A2 ggsl A3 204 o]get 2z AI= 94 +£.001 93+ .01 89+ .01
of dadty] woltheldd 2ol Bag T WS AR B

Aol Ardskd

FAAQ ol g 4Y 29 Wy
xel

=
. T WA swel £% 29T wrlSo]  sE 7kl wlm AR Wk A7 2 FEwd]

ANE YL NPAEE 82 o2 HES F A §9n|3+ 2o]7} VrERtthps < .05).

Bes AAEgTE i £ 12 & vs Ag 19 Ade JHUE sErE J8AE

Aol AlFEdT) FEo FomEute ¥ 9 §F 329 454 7Y dFE T

S Aelgt Aol A Aol ek whe 2 owldith F, o] 7he] om]A At <

AHE 45 Wdeg ST & gute 7h4del AEs} 2o Hahel bt
& ARt A FAE ¢ T 3

MA A e AE 24 gHE BAE)

st @A W v 4 A A (within-subject AlS 2

repeated measures design)S A&} T}

2% 8 e °f mu 182 Hudes ¥ doe @
B3 f% A% Adde] wet o FFol
d 7154 A7)

AMEAAN FRT FrY Fg= % oA "dEAE dorl] S8 Vs A
e Azl gkl W BAGuyss of T3 94 711 AEsc
Variance, ANOVA)S 8313ttt ¥H3- AJ7He]
Arole ertedAl £ Alguke Addsie] 7 oA

otet2] %7t (geometric mean)& 7-SF3ITH
FSylyN v]=  University of California, Los
Hezol B AlZH SFI o whE FEwe}  Angeles(UCLA) WEtue] Aeldt #¢ie st
& AlZre] 7letetd et £ 29 Atk = g5 9 dEgdA eHET 9% 223
Al, & B3 24) o] $509] AMIE Ea

RN A7 HeAT FUEE 5 A Wl RE W¥AE 9ol w
Mooz Wk A Fo) BAY A9 20 ol AESE St WAAEE
o % Emain ot RE FOUSRY  AABA Afe] g3 B4 GEW BAD 9
gs < 05, U1 Wi AT 44 smsk B4 BA Aelvt gt oSN Ay
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JiTet e ARASY % A 24l
7] 93ke] Raven’s Advanced Progressive Matrices
(APM)(Raven, 1938; Arthur et al., 1999) Z°Fg
ANE Agedt. gl AgE 4% FE
ge 49 149 gYagen A7 A3
w49 13} Bt

A 2 HA AE 2049 AF AA A
Al aF 13 2k 7 Al WA R g}
He] b +3Ee] SAHE A
Aoz AZHAEed AAl AZES 2162 A}
o2 FAHor MAHAG AY 3+ 1A

(inter-trial interval) S ©]9} Fo] B}

=

A (random jittering) © & ZAZE o] fE A
7 H¥(event-related) TJAQ1 02 27| FH
FARE Wl 74 Al o &
NAdeR HEokd & e At
F5 A Azl AUAA AojA
Agete 7hed B Q= AT

7]

—_

of

3%
[e]
—

o

i

il

ol

5

o g X
Jt

L =
¢ i

o
>
o
o,

>~

1998). (A F
A7) T 9% AT E uE de
o] 2008°] lth) F WA spde 5 &
B7150] AANEHAL JPAES 8% 9

S FEES AAESIE IPAE] 8
ol WhgZ g A, vrA AR Wl o3
Hell SAIHS AAsle staeR Asich of
P2 vy Alde] 27] shdd FL9 A=
o8 IPAE A LA e sHe
2 AZ4EA} AF 28 108 A F Ho| EPI
(echoplanar imaging) 3|7|2 W7o A|3= ]t}
2t 371 45709 Mg FHEMH. A7

Ase 9%d w2 Fgon Adsan

£ % & oo
o oo

<]
Bt

o

e} (E-prime) AZE ]S Algato] PC
AFEE A=o] A= AT

A7) 3% 93 A5 #£3F AR o 9F
A& E  University of California, Los
wa getmel ¥ g A 9 A%
A7] 3 BlE K Testla)©] AWl (Siemens) 71
Shllgr) S ALgste] HSant At
23T 2o 93t & FF(oxygenation level
dependent, BOLD) EPI & Eof AlSH " o
H(pulse sequence)®] W4 FES Tt 2ol
At TE: repetition time(TR), 2 s; echo time(TE),
90 deg; 33
x 3.1

Angeles

30 ms; flip angle, slices;  voxel

dimensions; 3.1 x 3.5 mm; field of
view(FOV), 200 mm; and matrix, 64 x 64. *]&
F IR ¢ g5% H 9% Are TL ¥E
(equilibration)& ¢18 EAell A&slA] eksiTh
o] 725 L ER Y
A T R AR 9 AsE 53
Aed, A WAe e Y HW A
(co-planan)®] T2-7}5 Bt thF: el g A
Z(T2-weighted matched-bandwidth high-resolution
scan) & 2A TR, 5 s; TE, 33 ms; flip angle, 90
deg; 33 slices; voxel dimensions, 1.6 x 1.6 x 3.5
mm, FOV, 200 mm; and matrix, 128 x 1289]
¥e e Agddn. T WAe TIAS
A71S ) w& 49 Wah g AL
weighted magnetization-prepared

gradient echo, MPRAGE) ©. &4 TR, 2.3 s; TE,

rapid-acquisition

2.1 ms; flip angle, 8 deg; 160 slices; voxel
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25 / 95

Alsoil wE QIA| HMoi 2H = 232l Xf0] 24

dimensions, 1.3 x 1.3 x 1.0 mm, FOV, 256 mm;
and matrix, 192 x 1929] W ZES ALg3519]

.

A7 3% 97 A", 97 A AF
(preprocessing) 9} A& SA¥ =] M 7]F 94
A} AlE](Oxford Centre for Functional Magnetic
Resonance Imaging of the Brain, FMRIB)ol|A] 7}
U3l FSL AZEYo]E  AFE-S tHSmith et
al., 2004). 74 3 Zspatial smoothing)S ¥
7 Z(full-width half-maximum, FWHM) 5 mm¢]

7F-A1eF  SF(Gaussian  kernel)ES AF8-31SITH
Als A A EAL FSLe MRl Expert

Analysis Tool(FEAT) version 5.63& Al&3lith
AFEae] Q194 43 (low-frequency  artifacts)
< AAS] $l8 BE EPIE 66% 3= o]

oz 4 ddoz e AedAd H4
o FAYLE T A A2 E AA
sl 2E EPI AAY AEE  Motion

Correction using FMRIB's Linear Image Registration
Tool(MCFLIRT, Jenkinson et al, 2002)< ©]-&3}
of AAge] T3 oluA|et HEHES 3 A}
goz RAN. ANA A5 AL 7}
Aog AAsH] Ysted FMRIB’s Multivariate
Exploratory Linear Optimized Decomposition into
Independent Components(tMELODIC)  tool(Beckman
& Smith, 20049Z A}g3}$ith MELODICS A}
L35t B Ao AREo Zz7kA X|7H4
549 B0l §1UT BANAY A5
R EERER ECPEE
o] Il M HEelxl EPL AIAIG 2 3270
77§t MELODICS ©o]&3 3714 e
AA e AR SAA E423<t o] 33

om;l%
il

_4

O:

= WA A B4 Z2HE Hlasisle o
dA o= Ao} il

A 92 s | A H7z A
3} AE3sl= L FMRIB’s Linear Registration
ToolFLIRT)S o] &3] 3uAIZ A=k
A ¥ ARIES WA ARE 7 9 o
W3kaffine transform) O.2 T2-7}5= W& oo
z e ARe 2o F T ARz
A= 129] opd MEow TIvkE A
Fol mg 29 sk wer Aol 329 F
Mgz ARE 129 o W@Bow
Montreal Neurological Institute(MNI) 152 ¥ X<
Ay Fx APF(standard template anatomical

image)ol] % 2= Ach

A 4. A4 7HE ASe vus 54?4
R AHgsisier 3E o Ak F
Holo] Hu, 7 A 23 ER 53 1'4
AzEde] E5§ WIER AREHUTE M
As 72 g zk Ao FE A9 A
Al ARE S@at mESE FE it
21e] A= AA BE S FF(canonical) ©]F
Zokdouble-gamma) 7 4F W& T
(hemodynamic response function, HRF)S} ZEH
(convolve) THERAT o] B3 29 A
7} /\12‘;4 }_74 g= },4 oﬂ/d— %og j;j\_/':jé%

Poz 3 PEE 4P dA] P D(design
matrix)0] 2} A=t A =4 3t Hlas A
A0l tx WE(inear contrast vector)E Al
gk tael dEe] dols 4F 27 W o}
Yeh oF A9 9 e BAsA ke
AES F7IR Adeslth & dFdAE
A9l ¥/ Dsk DS ol AHg W

r

40 &

b
e
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TAE] Aol E
non-interest) O 2 T}l 3PH| Fr}etATh
R wddew pAE b de A
A W AT el HAle @A a3
Holo & 913l zt7 o] F-Akvariance)S TFE T
o] FHel olx

el
GBS Bt B A7 AR AN

B #AA WM Q) (covariate of

% E(covary out)

s qE2
Fd Sde 54 sH 2de 394, 34
SFI 23} dizsiole v o 2Fs wAs)

=
£ Aolglon ogd ¥ BEo] IAAY F
5 A% Beo] EAS Lopri

A EAMe 3 WA @AE FMRIBs
Improved Linear Model(FILM)S A}-&-3fe] Zt 3
b 7t 3] F(session) HZ A =4 7 A}
o= Aol + WA dAE
FMRIB's Local Analysis of Mixed Effects(FLAME)
stage 1 ARg-Ste] Z} I|dzte] F 3719 7}
28 Bgee 49 24 0 AolE ui 3
o]t} Al HA TA A= FLAME stage 142
(Beckmann, Jenkinson, & Smith, 2003; Woolrich
et al, 20042 o] &3l] TE IR ABE

B

ahtel Peem BHANIT. o A WA ©
A A 26 7 sael 49 2
A 7 wg AR AelE HBY U
(covariate of non-interest) &2 AFANs}t, = A
5 W4T WY Welem AT o)k
$% Avol 5L APAIAN o Be o
B9 WP} Lol Gejo] oluelAE 7
Zoe A 49 24 e wg A7
Jolz @ &3HE WA Aol

RE W HE T AS A% E2 T @
Z gtem WA F e B4 4 o2

(Theory of Gaussian Random Fields, Worsley,
1992 A ztsted = A
forming threshold) Z > 239} F g & X|(cluster
threshold) p < 0.05¢] 7|H¥tste] EAA -2

& AT

o X (cluster

F7H e, 7Isd A7 38 DY =
At 24 ¥ g Ud Fe4d
2 YA E ¥ FE9 7|A A baseline) S 7|F
OPEA 0o AGL W AriHe @
Fo] oW E Folg ol 3}l o=

"n 24 A 4 =4 B Eo ¢

5ol #FENS W 7|AMS 19

A AL AL e 5 sleker
a8 2 A, B, C Fx). Ad A
gFo| Wzt tigk s 23]
=0 F£FA dojd Wl
1:} o Loﬂjﬂ 01011/]. },—4 51'59_
uhel gt 3 olfre Al £ A

ARG e 70 ¥ BEo] BaE

N oo Hiro mn oft
_ﬁ_&rﬁmﬂrog
rz:rﬂd'ﬁrﬂjL
i o
i
(e}

ra
k
3;

X

XN
=

=
N,

of

Mo oftf o 12
(o]

DN HE e )

237 el BE AY 24 A8 2 FA
7]ZHinter-trial resting period)¥} FH}EFO & %

g BAGE > 7IAA, 714 > F8e 4

153

S
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Akl Bate 12 WAl 9.06EE VA 1.4)

2] Arthur e al(1999)0] Ha® Luk sty A 21 ¥ €% FF Hla.  SHo|
o] HQl 77GETHA 24 B AA S = 2 49 24 119 o 4% %91 Aol &
okch Uolr 7] flte] th5o] Ul 7EA] tix WY,
HZA SFI > =HA, A& SFL, 2) ¥4 SH
78 XSnt #SH ™Y AR 5 > FTHA SH, 3) 4 SH > FF SH, 4 T
FEo Fee 1% A A A 7o g sE > Xﬁﬁ SFL & ARE-3ISITE 7Q1AtE
u) &k A A (Pearson correlation, » = .50, p < 1EsA] 1 RE RS shte A
058 HYITE olE §E AST £F F2Y 2 oo T ¥ BF £FL AW Ay
A2 G A psychomerric) AR UG 71E S B mEolA felvia 49 23
A7 AR ske ATolThSnow et al, 1984). 3] &F FEe] Ro|r} BAEA gsir)
B 4. 4 =H 2td|n A, O g5 &9 Ao|7t Xso M3 Ans 2ol = I
g Bae =2 gk
= #WE ¥ 9o ukg N (Local Maxima) BA*
z%k &
X Y Z
5] o] FLingual gyrus) 5 3.31 1570 2 72 2 18
A4 A 2 9 E 320 1226 2 86 4 17
> (Intracalcarine cortex)
THA, B4 A oA /FA Tl z, 3.24 1063 16 14 24 32
SH AT z, 3.15 692 0 60 16 10
A g 94 5 3.27 539 4 42 2 32
= 357 9 3, 5 3.3 1527 24 78 26 31
74 =] 2K(Corpus callosum) % 5 3.14 869 10 -6 26 NJ/A**
%; 2 A F 5 3.23 810 24 20 6 N/A
SFI AT < 3.3 574 38 60 14 10
Z AT oF < 3.15 508 26 26 26 9
A dh A8 T el = 331 693 6 48 28 9
- (Paracingulate gyrus)
k] 5 =5 94 = 3.38 687 26 68 18 31,18
SEI W3 o] Z(Fusiform gyrus) 5 3.21 488 24 82 8 18
. *B.AE Brodmann Area] 2Pz}, ##N/AE d1d §l5 (Not Applicable)2] <F2}e). 91X]= MNI A Al w

2F A (&S] mm).
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A(visual cortex), $HFO] = AT

= (medial frontal pole),
2 (anterior cmgulate cortices), A|Z} 3]
o] F(middle
o] FH(inferior frontal gyrus),
AL ;QC o]r‘ﬂ—
1A 3
8 <

+4F

frontal gyrus), 3} A5
=4 A o] Fh(precentral gyrus),
(superior frontal gyrus), A|’(thalamus),
(basal ganglia), Z|(midbrain) 2] &=
S (ventral tegmental area, VTA)o|A] >

3
A~
%
Aot A dEE 2o

+ /P fre

23 > F93, 33 SFI

O3 3. &Y 20iM 23 Eel VK0 7S Asn HY dut %Uﬂ%
e © #H)FXHSF: X Y, 2%

o, ¥ SF: (B) #4 ) S&A SFI;

73 > F33 SFI

(£ 4; 29 3A; 19 4A). 54 SFI > YA
SFIe| tiz B o] &3 A AF 23,
w7e Uz A% 3
= o] F(superior frontal gyrus), A]’J(thalamus), 7]
] &M(basal ganglia), Z|(midbrain), FH+T2] A
oA 5% A7} 3
Z(visual cortices), FHFTe] = AT o] Zmiddle
frontal gyrus) oA M &F FF F

Aed A dHs E??\Wu_ 4, 19
# 4B). 74 SFI > A SF| thx H 12
8T BA AZ A%, PaT YE AT

AL ;q o]

(medial frontal pole), A A

2 (anterior cingulate cortlces)J»]—

= (medial frontal pole),
L—H}\]— 3‘]11

d(visual cortex)ol| A ¥ EE

& (superior

frontal ~ gyrus), W (paracingulate

cortices), AlZ} ¥ Z

23 > 33A SFI
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60 7 co . 60 -
w40 = | o
a- L] W 40 ﬁ' 5 . »
B 20 [ ] B 20 20 L] .
| [ i
a T : $ oy : g0y —
T o0 $ 10 2 7 .8 10 B OH gt 2 10 12

-
| L] ]
W fExls 40 fEXs k. SEAS
p < .0001, r= .84 p < .0008, r = .82 p < .0003, r = .69

a2 4. 28 30| HAIE 2E = ool BEA & AlS wslnl K5 X
(C) £ ) = SF

>

A, 5 SFI: (B) £& ) S&A SFI;
FE T7PF 8 AsH B4 Aus Byl
(£ 4; 19 3G 19 40. (F 49 AANE o
o d A Z fo] ¥ &5 MR e
ko] FEAAY A=E vehdth)

FI > %7 SFIe] tix WEE o
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o ofr
)
N

N, w»

o ofo

49 243 ARAS Wz mE 43
208 AANT 2GS HRE 4g =
A > FA7D) ¥ gFol FUE FY
(task-induced activation>= AHAFH, A i I
A, 5449, 59, 4, A, 28z 71A
&l = & SKsubcortical) PS FasTh
(1% 5). o FHIA §F A% d5E W
+2 A8ARE W FER & Jeae)
=58 AU Z & = 365 AN w9 9
A

|Sate| &2 ZA. (A) 75 )
Asst o Do) ¥4 ABAAT B 99
& gRth FANE 49 A% Nzads
WFAY] > ZE AR 23 ¥ 2Ee| 27}
s °§@I(deact1vatlon) oflte] Y& HAATF
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25H /) RS XS0 T2 QA Ao B = g2l X0| 24

Aoz FHHAE Bl ¥ 99E #RHA SStKad ). dikH ez Hrh fA7Y
gstom A9 21 e kg AIZEe] zelsl W I FFol ¥ 12 d9ES A AH A
HHE ¥ g T3 BHER ekokrt 7d % (resting state network)o] 2} Sf=H] o] T

QA AA7F oAl eFHle 5 F8 Al 3 =oe okl Ul AHF AZI 74
o fr& Aeol =2 AFAEC] H Bol AF A A dEteld gRith
43 o IS AdF AE A9 F
& Al 7Ad B W dE FEo] St At 5% A5 (general fluid
(task-induced activation, or “true” activation)d} intelligence) 2] 3| 7]%H(neural basis)
°ﬂ°d°ﬂ &tk ol T A od A2 1F

AA] 715 B QA Alo], oF BA T HF AbE RIS oY Q1A 71 AAF A
& Al F Al 1 FFol IR Ao w2 AT WAE /MY & 53 Al
2 4d#FA w3 JrhKroger et al, 2002; A Ee AR e AR OE oY AT
Knauff et al, 2002; Geake & Hansen, 2005; Lee  ZAAME FA] =& AF7} oA nlHol
et al., 2006; Fangmeier et al., 2006; Gray et al., gt 3th whHo, EF Qx| 7% AAIA
2003; Lee et al, 2006 Jung & Haier, 2007). A]  %& HFE w2 Al 02 o HAE
2t 3 9A B FE TN O 2F 5 FYSS W gA] E2 A5 E WA wiol
7Ph duEA Basa led AlAA 25 #a gtk Spearmane THFE Q1A 75 HAL
< AHESkA] 42 Aol FE A Al AHeF MR w2 AddAE JRide B2
AlZF 92 o] gFo] Zrlel= Ao =R Hol F J Ydgsle] x5 Uuk Q2 Ql(general factor of
& Aol AR Aol AREEIL AlZF 9ld & intelligence, ¢ factor) O] E& AT
Fo7} Folx)7] Wl ez sxE 3l <5pearman 19049). 1} o] ol mr2W A5 g
THGoel & Dolan, 2001; Luo et al., 2003; Knauff o rlekst W9lo] x5d x4 FEZA
et al., 2002; Geake & Hansen, 2005; Wandell, o7 7]01‘0‘]—7':— Q4o
. ] 5 S AU el 45 A% DU 899 59 9 9 T
A Qm A4 4 A §F A%l & docdieB AR ORI BAE ol ¥
& HYATe] A Ao] Aol YA &F 4 19 5T Aol Az s
He 28 Ao © o] g 99 & of 47 BAAE gk oJ7de] 2pol7t 9
At o GBS EaRe] WAH UA  Duxn® g 2919 ¥ JWE o] 3t
Aol 71Ae 4 gawA sl d7E o FHA BE ©dF 29 7I7ICEDE © &
2 gEd ool B =oE okele] <A Al Bl g Ldlve] FEBAT FE 94 FA)
ofe] E3bl 7ban el TRl G ve ax FASE AT 9 W9

W, 3 AAT 948 22 Ad ¥ & 952 ¥ wadtkDunan e d, 2000 ]
o] 7|MAEY YolX]=(deactivate) FHo|  AFoA g L9l AAAAI} L QXA
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prefrontal cortex)e] 3 &
o9 e Ave] 7z AAL

(general intelligence) 2 9= HAAF

ot to,
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8

W 2
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o TREgE . 2o 54 A7
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Hol dtke Fel dal &= Avlsisith
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B9 2 3790l 23 He FHelA o
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al.,, 2002; Knauff et al., 2002; Geake & Hansen,

f e
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2005; Lee et al, 2006; Fangmeier et al., 2000).
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ofs wiZfEchks AZrt Yelsth olek AL
g EOE dFddME FEEY g5 Tl
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U= AASF 92 (medial prefrontal
cortex)Z} FA| 3H)

A1 7 v} (resting state network)

BN
e}

2 A7 gZ A% 949 FF 5
]

53 41 ABE nged o e

o =2 AT

r

o
Jezhs 2o FA e UG St
%

& F9g fEg Ao FA71d 1 dF F
ol 2 AEHES k= &, W
= AT Jde oF ‘2] RE AW

(default mode network)ol] <:3FCHRaichle et al.,
2001; Gusnard et al., 2001a, 2001b). F7] BE
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A A} FOAAA BRE W, ARAo
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x4el / 25 Al50| 0E

QI M0 2 = =2l XI0] 24

T Bx 2]

BE33 Yrn FAA. 27 wEY o
ge A B, A, vlest AR 4z
(self-directed  thought), A}F=ZF F’J(mind
wandering), Y3+A 719 9l Z(episodic memory

retrieval) 2t TS HHAEE i Eu
wol k. H7t A HAE FEE =
o] 7] ZHjelA] Holuyt Folzl 543 94
at7] 93 ¥ JIE5E GHgATIE u
Z7] A EEste 99

o] A &Hdeactivate) FT}. ©] ], FA|e] Q1A
F-8Hcognitive load)7} 2 &

35
o g9e] BEF S

b 5 A At
A g3 A FE FAE AHFE F 3
(Greicius and Menon, 2004). R}IZIA 2, T

HAE FPste AJAE PE A2 ol
Hold 4% &2 ald FAll v e53
R M@XMMW—E o2 AdAtel wlst
o I $3 Fo 7] Re AAYY &%

Fo] AAe R =A FA]dess deactivation)

g % o
BB Agd #ad dd AFSeN <A
4019 4 A5k skl WS A% 49

=S H 5l =0|(Geake & Hansen, 2005;
Schimithorst & Holland, 2006; Haier et al., 2003;
Parsons & Osherson, 2001), ©|2]gF AZ}E<] o
& XS SHtEA a7 siMe
gl AA Alojel BAZITL AEAS A
o] ohleh, 27 mES] ¥ BFo] BA| 43
Fol A5o] et ¥ %] ohdA el

ed] o]

o 2 "ash ek W3 AEe] 250l A
T BA ZEAAE v Hagk A
ATFEIM AHEE A FAE T &2 UiA
%1 FAIE AFES}7|(ilent verb generation)
ExRo7g H|TQ EI7|(passive video
viewing) 5 AAF et A wAY 7
(Schmithorst & Holland, 2006; Haier et al.,
2003 53] A+ F 27 R o
g% 0] X|E(sustained default mode activity) %] ©]
W2 Awel 2% 53l /ARG 2 A

3} (less deactivation)®d AL 7FsAlo] =t}

ok
ro
g

Q1] ] ©] (cognitive control)2]
T 991 7} (dopamine hypothesis)

QoA 49 B2 s} Fenal
71* &l(basal ganglia)®] &%
w9l Z4g0) 94 A ARF 5 F

& Al frE A A4 2w JA A3
o ol5 99 oa FA7lsh Wmalel A
A 8 Al 1 &E FEo] STk 9
ool 3K 23 A et 42 2
o] @ 2R =AU
Aﬂ ¥ 3l (dopaminergic nudclei) S °] E’_Oﬁ

meb B T Ags Fue B »m o

tegmental area) ¥}t

m>J J

%(release) &}

fr mﬁ

Aol A= EoAY AzAS] FE A
QA Ao] 753} BRI Aol mE A
ZORlS o] g3 AE 7+ FHE At ¢S
S vt 71 dFES Bl 4
Al AAE T 49 AA 7lsed Eopvle
o] Fast B35 ) 99 A AT
I kel A #AE 7RIt Aol ¢y
7 9JThPirot et al. 1992; Braver & Cohen,
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2000. 3+ AHFH 714 A2EY] F
%} E7|(dendrite)ol] & E=IHH &-A|(receptor) 7}
Wol slom o] g9E9 &Fo] A 7199
A 7, BEed P8 o3 2 3y &2
o] #oJEtia FrHMcNab & Klingberg, 2008).

T 55 9 499 AExEL T3 A
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(Miller, 2000; Braver & Cohen, 2000; Miller &

Cohen, 2001, Cohen, Braver & Brown, 2002;
Montague, Hyman & Cohen, 2004; Braver, Gray
& Burgess, 2007, McNab & Klingberg, 2008).
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The Neural Mechanism of Cognitive Control as a Function
of Individual Differences in Fluid Intelligence

Soohyun Cho

Choong-Ang University, Department of Psychology

The present study examined how individual differences in fluid intelligence modulates the neural
mechanism of cognitive control during reasoning. A four term verbal analogical reasoning task was used
with a variation in the degree to which cognitive control was needed to overcome interference from
semantic relationships between words. During trials entailing strong cognitive interference, there was a
stronger need for cognitive control. In Experiment 1, subjects made more errors and took longer to solve
analogies when there was a greater need for cognitive control. In Experiment 2, functional magnetic
resonance imaging was used to investigate the relationship between individual differences in fluid
intelligence and the neural mechanism of cognitive control. Individuals with a higher fluid intelligence
engaged bilateral anterior cingulate cortex, visual cortex, medial frontal pole, right lateral prefrontal cortex,
basal ganglia and the ventral tegmental area of the midbrain to a greater extent when the need for
cognitive control increased. These results indicate that fluid intelligence modulates the activity of the
lateral prefrontal cortex, anterior cingulate cortex and the visual cortex which are commonly activated
across various studies of cognitive control and reasoning and that individuals with higher fluid intelligence
showed elevated activity levels in these regions. On the other hand, the medial prefrontal cortex which is
one of the commonly deactivated regions of the brain showed less deactivation in individuals with higher
fluid inteligence. This finding supports previous studies proposing that the default mode activity of the

brain may be sustained during task performance in individuals with a high capacity for information

processing.

Key words : fluid intelligence, fMRI, reasoning, individual differences, cognitive control
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1 ENJOY LIKE FALL SPRING AUTUMN Neg -0.282
2 FACULTY PROFESSOR FOREST TREE DENSE Pos 0.615
3 TASTE MOUTH TOUCH SENSES HANDS Neut -0.006
4 BREAD FOOD BLUE COLOR EYE Neut -0.049
5 CITY COUNTY STATE COUNTRY HOME Pos 0.152
6 DANGER SAFETY CRY WEEP LAUGH Neut 0.058
7 SWIMMING SPORT GUN SHOOT WEAPON Neg -0.217
8 BED SLEEP COUCH POTATO SIT Neg -0.149
9 PAUSE HALT WAR BATTLE PEACE Neg -0.26
10 UP DOWN POOR RICH WELFARE Pos 0.496
11 SMOOTH ROUGH CRUEL MEAN KIND Neg -0.399
12 RAPID SWIFT DOCTOR NURSE PHYSICIAN Neg -0.339
13 POLISH SHINE BEGIN START END Neg -0.146
14 ENGLISH LANGUAGE PUZZIE GAME PIECE Neg -0.188
15 STRAIGHT BENT FIND LOSE SEARCH Pos 0.378
16 REMAIN STAY SPEAK YELL TALK Pos 0.59
17 UNDER BENEATH PAL FRIEND PEN Pos 0.432
18 TAP STRIKE RECOMMEND URGE RESTAURANT Neut 0
19 OVER ABOVE PANTS CLOTHES SLACKS Neut -0.022
20 WILD TAME HARD SOFT SOLID Pos 0.53
21 CEILING FLOOR FAR AWAY NEAR Pos 0.421
22 SUCCEED FAIL REMEMBER MEMORY FORGET Pos 0.341
23 PAY EARN DARK LIGHT NIGHT Pos 0.217
24 BAKE KITCHEN BUY STORE SELL Neg -0.333
25 ARTICLES READ TOYS CHILDREN PLAY Neut -0.066
26 AFTERNOON EVENING LUNCH BAG DINNER Pos 0.256
27 STORY TELL SONG MUSIC SING Neut 0.082
28 DISCOVER UNEARTH DONKEY MONKEY ASS Pos 0.52
29 JoB CAREER STREAM RIVER FLOW Pos 0.295
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30 CHISEL CARVE PAN POT COOK Neg -0.196
31 TRACTOR FARM SHIP BOAT OCEAN Neg -0.512
32 BRIGHT SUN WET RAIN DRY Neg -0.378
33 QUIET LOUD CATCH THROW BALL Neut 0.007
34 MONTH MAY SEASON CHANGE WINTER Neut 0.112
35 ALLOW LET CUDDLE BOY HOLD Neut 0.028
36 INCH FOOT YARD MILE GRASS Neg -0.212
37 FOOLISH WISE EARLY CLOCK LATE Pos 0.493
38 PEOPLE MEALS AUTOMOBILE DRIVE GAS Neut 0
39 BACK FRONT FACT POINT FICTION Pos 0.216
40 MOTOR ENGINE MIDDLE CENTER NAME Neut 0.083
41 PRINCE KING PRINCESS QUEEN CASTLE Neut 0.036
42 BICYCLE RIDE BASEBALL HIT BASKETBALL Neut -0.02
43 ARITHMETIC SUBJECT HAMMER TOOL NAIL Neg -0.761
44 SCHOOL LEARN MALL SHOP WINDOW Neut 0.066
45 STRANGE UNUSUAL FEMALE WOMAN MALE Neg -0.482
22 A B C D D SFI

1 LIBERTY FREEDOM DEAL AGREEMENT CARDS Neg -0.233
2 OFTEN SELDOM EMPTY FULL JAR Pos 0.584
3 FIRE BURN WIND BLOW BREEZE Neut 0.047
4 SLY FOX SLOW TURTLE FAST Neg -0.412
5 LOVE HATE CALM TRANQUIL ANXIOUS Neut -0.032
6 DOOR OPEN STAIRS CLIMB STEPS Neut 0.079
7 ONE DOZEN STUDENT CLASS TEACHER Neg -0.216
8 CERTAIN SURE SICK IILL FEVER Pos 0.3389
9 GO COME INHALE AIR EXHALE Pos 0.33
10 HUGE TINY CLEAN DIRTY MOP Pos 0.513
11 TROUT FISH PIG HOG ANIMAL Neg -0.172
12 EGG CHICKEN SEED WEED BIRD Neut 0

13 SOUND HEAR ROSE FLOWER SMELL Neg -0.329
14 PLATE EAT CUP SAUCER DRINK Neg -0.369
15 SLED SNOW CAR AUTO ROAD Neg -0.122
16 HIRE DISMISS BEST GOOD WORST Pos 0.5
17 FIGHT SOLDIER HELP POLICE HURT Neut -0.027
18 ENTER LEAVE FLOAT LOG SINK Pos 0.234
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

45

SOFA

BROAD

PRAISE

CHUBBY

SPOIL

PERHAPS

CORN

HIGHWAY

ASLEEP

PUPPY

SLOWLY

OPERATE

WRISTWATCH

DEFRAUD

EASY

SILVER

ACHE

PART

CRAWL

SPREAD

RABBIT

WARM

LITTLE

PAGES

DIAMOND

MERRY

STEAL

FURNITURE
NARROW
DENOUNCE
DUMPY
RUIN
MAYBE
VEGETABLE
VAN
AWAKE
DOG
QUICKLY
MACHINE
TIME
CHEAT
SIMPLE
METAL
INJURED
PORTION
TODDLE
BUTTER
MAMMAL
HOT
PETITE
BOOK
GEM
GAY

ROB

ORANGE YELLOW
BLACK EVIL
GROW GARDEN

SLIM SKINNY
FIX MEND
CHAIR TABLE
DOLLAR MONEY
SKY GROUND
LARGE SMALL
CUB BEAR
FEED HORSE
ELECT VOTE
NEWSPAPER INFORMATION
CHILD ADULT
SHORE SAND
FORK SPOON
SMILE FROWN

MOTHER FATHER
WALK STOP
FASTEN SEATBELT

WEST DIRECTION
COOL HEAT
WEAK FRAIL
LETTERS WORD
PAINTING ART
INTELLIGENT DUMB
REAL GENUINE

FRUIT

WHITE

SHRINK

FAT

BREAK

SEAT

GREEN

PLANE

BIG

BABY

STARVE

CANDIDATE

INK

KID

BEACH

UTENSIL

HAPPY

MOM

RUN

TIGHT

NORTH

COLD

STRONG

MAIL

PICTURE

SMART

FAKE

Neut

Neut
Neg
Neut

Neut

Neg
Neut

Neg

Neut
Neut
Neut
Neg

Neut

0.174
0.543
0.039
-0.204
-0.297
-0.205

0.25

0.417
0.493
-0.02
-0.236
0.016
0.01
0.405
-0.425
0.077
-0.536
0.449
0.11
-0.007
0.088
-0.536
-0.111
0.177
0.674

-0.364
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