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The Korean Journal of Developmental Psychology
2004. Vol. 17, No.

7158 A7|FHBEE o83 F APA, Fmol-Fojo o)FdoAAEY] WHEAH A4t
A4& Z7EFSAHAEE DO FIVNEEAHAET dAA AESGTh I3A A2 7Hke
Aol # AES F3, o Uit olopr|E £o g IR 39tk Kim 5(1997)2 A <}
g, FF A T A& v AFAIIAE FUTE I 742 SPM 95 AHEETh AF
LAE 27 52 698S R stk i, F Ao A4E BT, FE AFAF
(precentral gyrus)®} %5 3|(middle frontal gyrus)2] &4317} FEFHJOoH, S=oLDE T o
U Fojl2)E T u), v dYo] B HE AE B F AUtk Y 204 AET] o] F

EEE PRSI

=
5% 37 454 692 toE 2o RL WA, 3] H5A

43 g 7] A% 498 Btk FRolLne AEolE BT HATH, Huy
precuncus, ST putamen, 52 A4 F oh RISt Sukre] 4 AT 5 Bk ol =Y

g dhsled, Yol(o)e] AEE TR AU F AT
b HEELT AWHOE T Aoj§ PASHEE AgHE

’33] (cingulate gyrus)ol| 4] 2413}
Yol 433 e Aoz el

Stk ER F7] olFAoi 2o A&t ATE o] Bd BelFS ¢ 5 Ytk 2]
i

FEAL ASE T dofol AFel MgEAY SYT Yo] Beitn] Wiy B9 AAl

0 27¢ £03 BT F/ESAe Aol F doje] B4 Feol 4gs De, 12

g 2 u) ATYPo] B0 wlstAh old Ave ATGo| FAESANA 129 e F
3

AL Pris ALS A,

F00]: o]Fel, $BAY), AT, AFA3, Aol

Arglel Aal Ao elste] ATHYFUT

Do) =8 2004 FHUS L H&EATA 2) & A7) AP A=HEIEd H3E A7



o] Al A & (globalization)t} A F&0]
e 8ol ooy E AWA FH ek,
S27F A AlAIZE FAE g 7R ol
o] QdojE F5ste] Abgste Ao
ki ol st @ Abge] UE
2ol AAE zE 7HA] o] 73]
g AH&dte A g 9l
gtk (Owens, 2001).
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detso] mE alolel ¥ AEFH
% oQlojol A go] AT FAOm o Fol
A gk gois zslolelg Agete 3

o o)Fdo At A onAd FHAE AT
2 fMRI ¥ <348 H| w3l Illes, Francis,
Desmond, Gabrieli, Glover, Poldrack,

Lee, & Wagner (1999)9] A FoAE= HF
A7t FFAA o AAC HZeka U
S8 HoFAu o]9} w23t Az o]F
Aojzte] 7 Qo &4 dHo] HuE
Ael7h & BolF = IMRI AT ERE
Hernandez, Kohnert.(2000),
Rodriguez-Fornells, Rotte, Heinze,
Nosselt, Munte (2002) 5& 5 4 th
Sinai®} Pratt (2002)2} Rodriguez-Fornells
5(2002)= ERP =#4 o2 F Qo] do

Martinez,

AN FEAQ BYHE wusn 9
o,

osh= @), RHo ANHE Yo
g we We)E A7 Kleint BRE

(Klein, Zatorre, Milner, & Meyer, 1994;
Klein, Milner, Zatorre, Meyer, & Evans,
1995)¢] PET <AFdAE  L2(Second
Language, o]Z o]zt AlA Rato] o] 9
°of g AREAo)Ql  go]  ARElA
L1(First Language, E=°])21 Eo] A}&q
A&l left putamen®] #4357t o =LA 4
RS Baskdvh ey vl 5=k o] 4b
% A2} gt E Hernandez 5(2000)¢]
ofF7l FHAlNME= F AdojolM HA=
g FAse wmausia Yk ARAO

2, o]Fdlol e ¥ oyl MER ¥

l

ox |
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o YE7h FHE EAL AULT s
AL AAAAAAE F2 35 99
2 AAete Anr) el 4w u
of Bt AFME BEe TS B
T ATE Bt B 5 vt
o)Fdho] AN F= wo HAE 3
EoolfE AAE wEsh MuE A
wer oohdel, =@ b AL 4]
& otk e doje] s BAHA
J SHe B AEY W okl 53 o
Fool F5A FHol He BA: B4
Abzoluh &4 ol #ek Aotk o]
of AbgAA el £ FFo AAE HAAT
AFRE Bol-go] olFdrelA F
om FEHor oJoprlE EA  shaL
fMRI 4S8 =733t Dehaene, Dupoux,
Mehler, Cohen, Paulsesu, Perani,

Moortele, Lehericy, Le Bihan.(1997)¢] <1

T FAW FA da o= WA

il ¥ A4S =43 Kim, Relkin, Lee,

& Hirsch(1997)¢] fMRI 23S =
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)31 2 8} 7] (articulation) o] %]
As Aghs Aow WAL ey o
AdEolgte A P @A H ™

oX, %
ri

AEd = Ao,
= o] Ao mA HoF Holt)

Indefrey &} Levelt(2004)= wo]ilZ o] o
H 8AxES FESIY Eygoz A std
A, ERP¢} fMRI, = PETo 2 =A3F A
FATEANN Y2 AHES THso 7
Ao e ¥ @43 d9s A I
oz HoFa Ut o]Eo| waEy who
7F AdollA ClEFa AEEE 27 B
o AeE "ot S HHe AEFS 7
A A dAge o2 7] @AV T
EHY B2 og9 2E WA ¥ o
o] 2kEo] @I Ao|ARE FG Ao 9
AME FAd3 E nygS AHLI|Erd,
Kim 5o d5% $7] dAQl ¢4 <A
of dgEE FEel 2H& wE Aol
B 4 vk ojgg 7] dAe &4 §
e AFdH F49 T3 990 K

CERFIEE R
Wollel B43E molE
Q3 SRl FEe
Ft}(Indefrey & Levelt, 2004, p.126;
Damasio, Tranel, Grabowski, Adolphs, &

Damasio, 2004). o|&5¢ MN#& F=2 19

< Hi o|§F& Wil olFulvl HAE
TAog HE Zolfrth I#  Levelt,
Schreifers, Vorberg, Meyer, Pechmann,

Havinga (1991)& <dojAt&S sl A2
28 7A3%E= A A Al (self-monitoring)
AA AN A FAA,
dols A" Et

stk oled PAAAE ol A



At g A
o]t} Damasio 5(2000)% Wojia=3 7
HolEe Wrg pREojof i gt}
Kim 59 AFoAs ogst =7 dAE
et wiAsky] 918 we 9 RS 9
S A7 H GAS FHE, A
BHE 7] gAY Bovs A Ho]
=

B A Ferel-ddo] A
A5 Hon F oz &
18 & W, FgsEE o 99
Hazk shelh w3 webr] &

g AFshA @i, FoIx "AaE Ha 1

of wal walA FOEA, dojaz ol A4
Aol 27 A BHSHE M 992
Avna AT w9 Kim S3e 2
WAE AF Az F3 REE S, o
Arol FAHE AdE wolx @Al @
OB, WNE A% w7 WEe A7)

Fyste AT %

o] x| zto] #&H
)=]
1= T

i)
e
ki
X
QL

A3 1& X x7] FEAE 4o

HEAAAN wlasty] Yske], <o

e EAStA ¥l
2=

o A9 285 A3t

CEICE IS TR

692 Stk A gl ks o
AW BF 124 ofdel o=l 29
o AFF AHel d= =71 olFTdd
FEAAT 699 AYE BF LEBER]
Rom, Hit ol 17.741(164-224) A
ok Al2lef(gel) Ao v TOEIC #
T 8753 (8158 -9757) o1tk A7

Ay dx ¥ Sg¥de A F
PN R qlole] FH(FHoI(L), Fol(L2)
of Ao A=A FA, EA, Zatr])old
o}

el AHgE FAlE LCD ZaAw=
MR 271 <t 91X A&S T A
Stk Aol AlzEE FA (Rest) g
w7l 21% F¢t AAE AT F24 (Rest)
AL 71AggR Faol(Ll) @by =
dol(L2) @aty] =73 o] M7}
st AeelA gAsEA 4G dHE
wjo] wwaly] 98 714 Fzdol Ut
2l(Rest)’ o] &hi= wol7F 21% AAH
= @A (cue)7t 6% FoF Fol =,
Fol(L2) ®=x d=olLhz d %
2 #ey] 2doM AdEd WEE €
7171 9% HelAth @Ae] AAE F
Fol, gmoldl A Zk7] 67FA 9o,
gtate] AAFATHEA = A& S,

ox I W
ol

o

oft o
Ao > o2 orlr 2 oo

=

41 2



ALDEANME 715 27
3, GAl2)zANAE=
family” 502 FAT}).
wowpE e, 'speaking’ ©] 2}
Go] 7 AAIH A e ] g AA E
Tz FA &l 21x Fek ol (L)
= et gon, 'speaking’ o]t Al

dal g Fow,
AER FolR FAle e 21% F F
ua

g FA
“Introduce your
G A A B

El:l:

art1fact7]- A7l AE D7) Yaf oA oA

T(Kim et al, 1997)o| A ¢} o] AgA
i Hom watEs AAMSAT(IY 1
22,
| 6z | 21% | 21% |
\
\
\
S Al
chAd L5p| T

a9 1A AAKE S B =4

fMRI #5253 24 B3, a4 4
3 AEe 3 HEY AZIE 7 MR 717)
(Oxford magnet, Varian console, =]
ISOL AlZhHE %3] o]Fojx 3 Echo
planar image sequence (EPD)7} A& % o]
Aok 7zt 94 Edtel~ F7= 5 mmo| il
1 Abele] AL FoAA &gUth. MR
parameter= TR 3000 msec, TE 35 msec,

flip angle 70°, matrix size 64 x 64, Field

H B Y BHe FRU delshy a4
spayo] ol s|FAGUE Fael ZA=PU

of View(FOV) 220 x 220 mm 2™, 20
axial W& (M QoA Hom )9
ool 27} ol A

)

Adojzl  AEE  SPM99  (Wellcome
Department of Cognitive Neurology,
London, UK)#}+&= }\EE"J] ol& o] &3ty
EAEY dojd AnEe SAdd o

3k A 24 (motion correctlon)ﬁr A7 =

Az EE A

3}(co-registeration: 7] 4

7] Aol EAHAY sty g Vs
2 gae  HIFgES ol 7E
(registration)ﬁ}% A, aglar 7sH P

ﬂx%o] _ﬂj]% :ﬂr hxy

=R
HA4S AA, 1 =
ATk viA o= Oéou RPN
27](smoothing)o] g} E#E= A
A ¥ v @DP‘:’**OHE 7} 7jel

A5

AR AAFE

-n
X
1;0{1
_E

Axkel A
Z(contrast) & 7}zbeo] 7L
A Z=(simple t-test)E& o] &
ko] Yo Zojth B A
g A FFo A uncorrected p < 0.001¢]
HAE H&

e @ -{m

g da, 107] F-3] 49
d9(cluster)S Azz A3t
AEE Fd A5E AY

7} ozl

ofr
-
N,

il
oo oo ix



Uo = @43 9YxE Talairach FZ 2 ¥ FH(rest)E v 2A& 9t =3 %
geted, 2 99X S  Talairach Deamon 1ojxz  Alole] nlmE ‘?43}04 ol
e

DatabaseZ o] &3to] oadrt 7ZaH  (L1) A4 Fol(L)zAs 7Hask A
& ol g3te], Gof(L2) Baly] =A% 714 ¢, Wz G L)Ed 1 30] (L1)
(rest)Fll, gt=rol(L1) wal7] =17 714 =1S 74aks g% div] #48 skl
T 1 2] o FANREATL F Aol® T W ByFEE Fo
(*P <001 uncorrected, cluster size) 10)

{0

O

=L R [097)
Talairach 3% Talairach 3%

L/R Region BA x 'y z Z % LR Region BA X y z Z %
L Thalamus VLN -2 -11 8 3.7 L Middle Frontal G 6 -32 5 59 4.01
L Precentral G 6 46 -3 48 4.09 L Thalamus MDN -4 -17 10 3.81
L Middle Frontal G 6 36 -8 43 3.33 L Precentral G 6 -46 348 375
L Precentral G 6 -51 2 4 32 L Precentral G 6 -38 -6 33 3.67
R Precentral G 6 42 -6 32 4.05 R Posterior Cingulate 30 12 63 12 342

R Precentral G 6 38 -8 30 3.68

G: gyrus; N: nucleus

5
<} I
7 Jﬂ( osterior cingulate) %ol A
R ol
@ 4

N5 AVNTHEY EFoR Y2 o
4o BAg Ay @Fo)(LDE 2a o Ashes 2ot ddbHew, gofl2)s
o} Jol(L2(L2)E 23 w d4gss= o g o ﬁw:@} ogodo] ¢ =LA vEbwT
ogde Fg2 AT 43 (precentral gyrus)<} (79 2, 3 2.
%45 3| (middle frontal gyrus)® ¥Z 3 Fodolxe 54e Fd9 W &
Reow, o (LDE Ze wyp Fol(L2) otr 7] fjalA, F=rof(Ll) wabr] =3l
2 el ), vss o] FAHE A A Fas W gAst dqelA, Fold2)
S B A 1 H2). wetr] oA FAS W J9S HJE
A3 1o Folg x7] o]Fdo] FEXA 2 (conjunction analysis) 2. & T B] 3}
o] AY, 747te] ddojE FAE=u AME otk A, ol (Lo A vt &4 3ty
9t ¥ d9e 9% ATge 9y 949 v 9T F5 precuneusst 2 2H
(FAEIS Asus g% A4 3 paracentral lobule, %] (L2)ol| A1t &4 3}

=
(precentral gyrus)E =40 % wo| A He g9de %Z culmen¥} declive®

stE AT 1 F
Jof(L2)= UEH%}

EN

e =
[
=2
ki
o
A
2



%2 27] o|FAUSFEAS Sloj7h gl HERA Av ekt 248 4
(*P 001 uncorrected, cluster size) 10)

G=roj(L1)-% oY(L2) Fol@L)-g=ol(L)
Talairach 3% Talairach 3
LR Region BA x y z Z#& LR  Regon BA x y z Z %
L Precuneus 7 2 -38 44 4.24 L Declive * -10 -59 -14 3.94
R Precuneus 7 4 44 45 378 L Culmen * -0 -66 -5 371
R Paacentral Lo 6 5 26 49 399 R Culmen  * 10 55 -7 391
Lo: lobule
=9 dEs gelr] witel
Tk 1290 gojz2 e 27oAM =
23 1o Fojdk z7] o]Zole] w5  9F FURE M Zgsrr B
7} maojel @ol(L1)sl A 290]el o =, o] %91 7h3l(angular gyrus)
ALNZ YA e oz wahy  F AnHlcuneus)st A AzH ol
3t W, BAEE Hol= ¥ AL HEA AR o] Fo el TolE AE, A
sg gHo® etk Asysel g4 FE A ddse pxe wdn
Zojo] oH g T odo]oa] A (Indefrey et al., 2004).
3 g gdo] N2 HAA= AAS B Aubg o g oJoj(L2)E 4¢3 uf &4
FoAth Kim 59 97o|qE 52 Broca ~ 8%° H A WERT o= 27 °F
d 7 Wernicke 9de] AL urzol Aol FE5EA Ag-olx LI o] o
BAsG oY o|Ex AA 7] HEA a7] A ETE L291 do 2Er]7E o
Ao = g nE A= dde] & od AAHRL Fwol Fd 27 W
qatge nasgth ojge dys w2 AR AT F VA
ATE vuRE, FHE KB JAdo kool (L) A3 g oA dof(L2)=
Az g2 27 2549 A9 = 7 WAERAY, Axm Fol(L2) &4 99

[}
o w A BEALDE W A B A,

A AHE HE 99

sete ge AW Kim 5o A7 7 EWNA Fe@ #elel Aol v
94_% %Lg]y E_ ?j:]loﬂ/ﬂ ;ﬂ%/‘kj] ‘17]. 7]';8]' L]'X] %9}‘;}. @'%M(Ll)ﬂ]ﬂ‘ﬂ "]’E]'lw’_]'
o] B FE T AFAL, AZHel o precuneus 9% 59 (attention)o] ¥¥
AR waly] wka Age 2do g H Rz dyA Advk F=ol(Ll) =4
= Aolal A 2 = oA FAl] FoE ¢ 71&9 Ao =

gugu o & QAT Zo pddtd dojz 2w
gl waslel F7) @A wye @ WE WAV F e =AW, @

wolz walr)E eheta ahd HAe )

_._7_._
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ol -101' oL it > 9
N
0

& Holok L ons o
Aot} wala] A0 A=
of F5AdA Ad 1% &
A Z A8

f
N

re

L2 o

e

AYR7 A S5 38H)
ol Azt T T FolA (LD
g E5olz 3= 7] oFdol #5A
o ATk AFFIIAE

EEgelglon, asstuA g
=

AA E4d F71 F5AIAT F7rAe
Ht A"FES 228*%]% 19416l A1 274 At
o)Atk ol FHEE A7 Hdho]

T gelgHe Agtete], TOEFLelv
TOEICe] 4% o] 944 4% (TOEFL 550;

xS TOEICe.z 3iteld Hit 8453

(7755 -9567 ) o1t g 14 F

&5 AF 29 FUIE5AES]
&

of 4Ag wmH A FAH o)zt

UeRbA 2 tH(F(1,5)=2.13, p > 43). A
3 bl AE YA N Atelgel AF

= 9ok,

A8 Axp Ag 20 BE A= A3
13 FdstA Al sk

fMRI #t5 &3 24 9y A9 ]

S s EL-L

3] (left middle frontal
precuneus, & = 3 (lentiform

A A (thalamus), Az 3]
<% 3] (posterior

o
o A & sk
gyrus),

nucleus),
gyTus),
cingulate gyrus) <} parahippocampal
gyrus7h 4 8hE QAL $ubpo M A

] 4 9

(precentral

3| (superior frontal gyrus),
(caudate)e] #A3lr7} AzHch wrA,
Fol(L2) AtEolE HWFolME w3
gyrus), % 73] (middle

frontal gyrus), 249 (cuneus), =53

(cingulate

(superior temporal gyrus), 18] 3 $-Wk*
Al (thalamus)e] &4 37} vEs A
9 P9 129 bEeA FY 243}

HAT F doje] BT e FId

g, g4 EE 297 nuste] Holw
FTEA FoUF A9 sl E 2 F=x).
AUt AFQS vlusiEod L1 AFER
U= L2 AbEo A o 3Hes 9ol o



Hir

rlo

E 3. F7] olFdols

A

iz

drez 24

8}

4e ¢ %
SApgo) *

AATHE

3, 198 4,5 FFx).

dolg e W BAHIE o
(P {001 uncorrected, cluster size) 10)

=rol(L Fol12)
Talairach 3 Talairach Z}3&
L/R Region BA x y z Z7% LR Region BA X y z
L Inferior Frontal G 47 36 29 -6 372 L Cingulate G 32 -14 29 26
L Precuneus 31 2 69 24 3.76 L Cingulate G 32 -6 25 32
L Lentiform N Putamen  -22 4 3 3.58 L Middle Frontal G 6 -46 6 46
L Lentiform N Putamen 24 14 -1 3.55 L Middle Frontal G 6 -44 5 53
L Thalamus Pulvinar -8 27 12 3.58 L Cuneus 17 -8 9 5
L Precentral G 6 -57 0 42 3.53 L Superior Temporal G 22 -48 11 -6
L Posterior Cingulate 29 -12 -50 6 3.39 R Thalamus * 18 -11 12
L Parahippocampal G 28 -18 -16  -16 333
R Superior Frontal G 6 10 7 57 3.35
R Caudate Caudate 16 -12 23 3.79
Body
G: gyrus, N: nucleus
£ 4. F7] | FANEEAS oit ] &R A Yeht 243} o
(*P 001 uncorrected, cluster size) 10)
o (L1)-F A (L2) FA@L2)-F=olLl)
Talairach 3 Talairach 3
LR Region BA x y z Z LR Region BA x y z z
L Supramarginal G 40 53 550 32 4.09 L Inferior Frontal G 9 53 11 33 4.18
L Medial Frontal G 9 4 50 20 344 L Lingual G 18 -10  -68 2 3.88
L Precuneus 31 -6 47 34 3.38 L Cingulate G 32 -6 21 41 3.84
R Middle Frontal G 48 35 31 435 L Medial Frontal G 8 29 32 3.63
R Middle Frontal G 46 29 37 352 L Middle Frontal G 30 -6 43 3.72
R Inferior Frontal G 47 4 30 -12 33 R Fusiform G 37 30 43 -1 4.14
R Medial Frontal G 10 4 53 12 3.6 R Medial Frontal G 9 10 29 32 4.39
R Cingulate G 32 12 21 38 3.56
G: gyrus, N: nucleus
A9 13 mREA R, Fd5o)(Ll) =4 A gkol(Ll) @ebr)o A FA 2412 w
At #4she 9o 912 24 QA o o) BarldA F4 =
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Abstract

Bilingual’s Brain Activation and the Age of Acquisition:
An fMRI Study

Seungbok Lee, Eun-Kyoung Yeon, Hyo-Woon Yoon, Kwan-Jin Jung
Dept. of Psychology, Chungbuk National University,
Korean Education Development Institute, KAIST, U. of Pittsburg

We examined the images on fMRI in early(experiment 1) and late(experiment 2) Korean-English
bilinguals during the inherent production task. The subjects were instructed to describe events that
occurred during a specified period of the near past. Unlike the Kim et al.(1997)'s task, we did not
train the subjects before the scanning sessions, because the planning process itself was emphasized
to be important. The SPM99 was used to analyze the results.

The activation area during production in the six early bilinguals(experiment 1) involved the
precentral gyrus and the middle frontal gyrus(BA 6) in both languages, and the right posterior
cingulate and the right precentral gyrus in English. The activated areas seemed be overlapping in
the two languages. To compare this result with the late bilinguals, we recruited the 6 late bilinguals,
who were moderately proficient in L2(English), and applied the fMRI scanning while doing the same
task as the one used in experiment 1. Quite different regions were activated in these late bilinguals.
The left inferior frontal gyrus(BA 47), the left precuneus(BA 31), the left putamen, the left thalamus,
left precentral gyrus(BA 6), posterior cingulate(BA 29), the right superior frontal gyrus(BA 6), and
the right caudate were involved in their L1(Korean) production. The activated regions during
L2(English) production were the left cingulate gyrus(BA 32), the left middle frontal gyrus(BA 6), the
left cuneus(BA 17), the left superior temporal gyrus(BA 22), and the right thalamus. The frontal
areas were more activated in L2. The involved regions were different in speaking the two
languages.

We conclude that in early bilinguals, the same or similar regions were involved in producing the
two languages. They seemed to focus more to the speaking act. However, the activated areas were
quite different in the late bilinguals. The frontal areas are more involved in these late learners when
speaking L2. These results suggest that frontal areas play a more important role in L2 production in
the case of the late bilinguals.

Key words: bilingualism, age of acquisition, frontal lobe, precentral lobe, language production



