gl ggA]: wg

The Korean Journal of Developmental Psychology

2004. Vol. 17, No. 3, 117-134

o) Fe}e)

=
o
r
2
2
) 2
nﬂ
oX
o
jﬂ
r

N
hu

N
r]I
-

roh oo M o @ rlo I L opok E ool oy = ordh glo N
o O T 3.9
IS >
2
< of,
ol
st
3
L

i)
i
rr
¢

Dol F7155AH A 2)0117%1 HESIIT A%

BAFL G 5 YT 2554 BPAE F
sl 3]

of F7IFEA A L29] A2 EH FadH

2718 AHE: fMRI QT
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FEa57NEd

i 7 3 A
Y3}t ZAE SR w2 AR L R |2

ARIA, olgols] o3RS WHA FoliE HA
A A Tk A B
2 39tt. Kim 5 (19978] Ao @), 24
SPM 992 /\FQO}‘E&D} A48 piAe 271
BTo|A, F2 34 8] (precentral  gyrus)2}
» SOl (LIS 2 it ol (128 2T
HAE A7) olF tudA dols F5
@7‘13}3}5}- F7] 549 #4935 | &5
ot s AF3], HE precuneus, FHHFE putamen,}}
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5] (cingulate gyrus)<>1 /\1,] g—}ﬂ §}7]- J/]—XLQ gjr,} xﬂﬂ};ﬂ oR =
499 e Ace Yehgth 3 7] olFdlelxel 1)
glofe] shzel H]
B9 Aol 24 =R

olo] 43| e, 122 2

BEAD|, HEY, WBS, eojiE
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=o] AlAI2Kglobalization)} A|7-Eolehs &
ol olor|E AWA Hets, 7t A=
AAZE A2E 7 7EA o)) ol 553
o] ARS8l Ao rlal Qe st

ol gk Alglo] EuiRe] AAE 2 T 7L
A oo dolg ARl ATE olFdol
2} 7 o] ghrh(Owens, 2001). ©]F1o] F5d
Qe mA= Wglo R 7; oJo)E 55T
Aot 5 ale 5 F Atk 5 9%
of mA= ojF5e] ZAAAA A7
Holz A7) o]del 53 271H5A
gt AbE7] o]fol = St wH-2- Fal o
3= 3755 AE WiEth(ohnson &
Newport, 1991). X3 55 Wh2ld] gJojA=
T RAoE BAl F58e A4 F52
Raolg WA F538e oA gqgi 1}
o] 2 4= 9t} (Grosjean, 1982).
olFdolgte AvgAles A7 wHAQl
72 AAL} oL 2 F 7}X1 Aol s
oA et AME-Sh=) sk EAlS <
At T2 REAIRE A7E ]TOM AA]

AEH 030 Apel e Fr 414 of
AN Qlolz} ojm preow Aol

SeAE VE Amw FEske] Ark@ve,
Az, 1998; Green, 1986; Kroll & Stewart,

1990; Grainger, 1993). °o]& ¢G5 £3}o], &
Qlol 9] o131 o] wole] A AAz=o] 9
= oae gt B 7kA] S o] A A E o]
stk 1ejuh oleldt WgAlzE A A
A7t HejA Aol Y= FAL HE A
o] olual, 1 WA B PES sl 7}
Moz Zgal= Zlo|t}, ol Ha] Hite)
HGg e A AAE sh F
FA3tEE o 99e el 4 A =

Z}e] 3 (bilingual braln) Clns
FAE S} 24 Aol s dige.
= AtellA WA oo Zth(Fabbro,

o]FolE ARSIt ¥ o w
Adsle] AoFE AE A5, F 7HA o=

= 9l
o YA o] Aol AS F,
g et 1 8% galo] ok theksi

o w3
gl we el ]l woldal k=
Z4% gIQ1EH(Paradis, 1992; Fabbro, 1999).
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Aojell #afj A= ol Harel e 41}
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#H<to= MR
= gARle] olFels A8

1ata el Apelzh opel, =
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052 oS -2ae HBA /olFelolol &5 ATl H4E : IMRHT
4732 vlaigh llles, Francis, Desmond, Gabrieli, 7§ o]3fjol] gk Zlo]t}. o]F-<lo] ARg-olA] <]
Glover, Poldrack, Lee, & Wagner(1999) o] < B4 £39] #AS AT AF2E Bo] 9
i F o7 F5AQA ou] AAle] H o] olFAo Aol A F dojrE FEAo= o
Sl o2 RolF). ol9) v|Sgt Aytw or|= £ Slal fMRI %2 4%k Dehaene,
olFojzte] H olo] A3} dHo] W2 Dupoux, Mehler, Cohen, Paulsesu, Perani,
Zpol7F §le2 HoFe= MRI G752+ Moortele, Lehericy$} Le Bihan(1997)2] <7

Hemandez, Martinez $} Kohnert(2000), Rodriguez-
Fornells, Rotte, Heinze, Nosselt$} Munte(2002)
5= 5 7 Utk Simio} Pratt(2002) 9} Rodriguez -
Formnells 5(2002) =ERP =730 =2 F olojo] ¢t
oAl A F5AR1 Ed3lE Rarsiar gk

olgh= ], AH o R AAEHE dols
wal 23712 A7) Klein} H85%5  (Klein,
Zatorre, Milner, & Meyer, 1994; Klein, Milner,
Zatorre, Meyer, & Evans, 1995) €] PET <]
A= L2(Second Language, ©]%<10]%}o] A A]
waro] o]g]e] thE ARS-do] )9l o] ARg-ell
4] L1(First Language, =ro)Ql E-o] Al
Hl3) left putamene] &35t ¥ A Vielbd
= Haskioh vt Hlsegh dol A= A
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Al o] Aol ml Ao = Helr},
Indefrey 9} Levelt(2004) = ©ro]AbE:9] o]

QAES PR3l 13 o7 A|AS1AA], ERP

o} fMRI, ¥ PET 0. =& Z4%t A3 5ol A

st o2 Al AP o R HoFar Q)
th olEe] wpEw w7} Aol A QAEE
AeElEl=s 7] 99 Aeld worl ¢
AR QAE2 AXA AA DAl ol2E
7] GAVE EET B2 olEY AE ¢
Al B3 o] 4= @S ZolAt, 4
2Eo) QOME BAG HE S 483
o, Kim 59 9% $7] @A A

Al SgEE i) 24e g Aol
B A olefgk 571 gAle] &Adst 79
2 A5 Y F3 F9e] BHarsy,
MFelA dolE Q&Esar Mesli= @Ad
A3 Hol= ROl g 2oyl 2
Ht TR T3 g eje] A A driIndefrey

& Levelt, 2004; Damasio, Tranel, Grabowski,
Adolphs, & Damasio, 2004). ©|5¢] 7|#&
TR OGS Ba o]5E Tl olFuY
HAE FAo2 B Aoldut. 3FH  Levelt,
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= AIAA (self-monitoring)’} 2ks-sla. 0
, o] AANA FALA, oln A A=A A
F ol Melgitku @i, olel@ 1A

1

1

ot & oo

2
2
)
u)
o
39
2
.
rr
i)
oX
2
>
o
N

:

Hrhe g dols A=kl A=
u}

O R T

fooh i X

=
=
ol
lo
e
4
2
2
rr
e
)
ot
A
)

tlo pgt
=
i
N
X

—120 —



Eg Kin St 9e wAE A4 A7 F
T BIANE s, W Gel FPHE Az
ol wold el gemd, wAE A% 1
7] wol A7) ol Azel B B4
sl viAlslaL Daiole] Bes Pl 24
& A sgle

AF 1 34 27 $EAE FHo o
Tk A% 1614 e AAE T F5
Aol AN st Sistel, ol fFYS 5
Aste] FQ ol Yol 27 £54 W9

T

AR Bl 9ol st Bkl 6
e dgow s Al @R oA
W2 BE 124 ool f=elA 2¢d o)
AT Aol

A= 27| olFlo] FEAY
ok 699} S BE 0 EEgolor, B
T ol 17.741 (164 22493 . A 29107 (&
o)) 449 W TOEIC A= 875748157
9755 0litk AR A DA A
At o] AF=HATH.

AHgE A= LCD RAER
MR 270 ol 95t A2 Fall AAH
Ack. Ago] AZEE A Resty2Hs ol

1) ¥ 4ge)

o
J

7F 212 E< AAE AT FARest) 2712
Z1AFE R koLl ey s <dol(L2)
W3l 2 2ol wyF EAdsE AeielA
S A k2 AHE wo] nwslr] 9%
714 270tk FA Restyoleh= wol7t
21% AAE ZolE= PA(cue)7} 6% B¢ F
A, ole dol(2) Ee ol LhE
H 7Y du=E delr] 264 A= )
B2 FHAIZ)Z] Qg Alolqitt. whAjell AA]
H FAE o], gl 7h] 67X R L
Aslate] AABIATHEAE A5 &
ToJLD)ZEANAM = VI A7 gar F291
, Gol(L2)ZF AN A= “Introduce your family”
2 FAeh). @A AAZE gubd wpe o
, = dolrt A=
by et AAEE Fold FAl) o)
3 21% &<k gL R Wl = o,
speaking” o]Z}al A|A| = o] FAJo) o)
3 21% &<t FoJ(L2)R DI 3Tk o
o5 ah= Ao e 229w <lF)
el artifact7} A71= A2 =] Y& o]
AT(Kim et al., 1997)0] 4]} o] AU A] 2
a1 &0 R Wl s AASYTHCLE 1 #=2).
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2 1. Ael EA(ER0] (L1) 25| P £A

A2 SEU Al 44 o] ol dlFFUth. atell A= EU T
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g+ 3 H<EE Al71E 71 MR 7]7] (Oxford
magnet, Varian console, U] ISOL A2}
= %3 o]Fo]F L Echo planar image sequence
EPD7} AHE-HolAek 7 G Edtolx F
AE 5 mmo]al 71 Afo]e] 7hAL F0]A|A]
2Uth. MR parameter== TR 3000 msec, TE
35 msec, flip angle 70°, matrix size 64 x 64,
Field of View(FOV) 220 x 220 mm 2w, 20
9] axial W3k (M HellA] Doz &
gfo] 27} o) H
olo]x A}Ei= SPM99(Wellcome Departmen t
of Cognitive Neurology, London, UK) &= 4
ILEJO]E o]gsle] BHAlrr). Aol A&
Lo 2zole] that 5242 (motion correction)
& 7123} (co-registeration: 7|52 A
ARE W1 A RYALD 3t 4
A AeA Qael HERES ol 7]
(registration) = -4, 1Al 7|53 G4
sinelAel A2 sjotals] Slal wE
Hap ek AFoA dolxl Fud AsE LA
T X33} (normalization) A& AA, 1
A S, mhAEro 7
o aL2 7] (smoothing)o] 2}
€ He A BAEAT. A6

w av) wY

:imn

i B 2w

zﬁﬁm

(random effect model) © 2 B-A s}l EAA
Axtell AF8-# tH] gk (contrast) 2
S 8] T v a2 (simple t-test) S o
ste] vree Flolth, & Atdlxe gk
> &R0 A uncorrected p < 0.0012] x| =
oL, 107) Fe4e] Ul s de 243 o
A(cluster)2 A3}z X519}
olFA A¥ Fd AsE A WA
MARINAA 7 Aol Ze] Talr] AAE &
wjo} F2 Ao EA3kE vlaskic. Q)
S5 A A A 5, 78 799 Al
= 2polE BEAHo R un BEAsl] Z
Jgroll wheh A Haslsle] Febd
= o

ZzA

-8

7t7te

Talairach Deamon Database S ©]-4-
stk ghab-S o]-8-38le], <of(L2) ‘%P
7] ZA3 71A (estyd B, H=rol(Ll) 23}
7] 2035 71 A Gesyy =2 M) A2
gk wa T Qdolz Aol HmWE
sto] Farol(L1) xxlollA ol L)z
728 Axtel, Wi s o o](L2) % A6 A
SOl 23& e A4 g 24
Stk

o ok rnlo L o

I 1. Z7| OIBAESAPt F 210iE Tt uf gdsiel= Y
(*P <001 uncorrected, cluster size >10)
ol (L) doi (L)
Talaitach # % Talaitach # %

LR Region BA X M 1 7% LR Region BA X y : 7%
L Thalamus VIN -12 -1 8 3.7 L Middle Frontal G 6 R 5 59 4.01
L Precentral G 6 -46 3 48 4.09 L Thalamus MDN 4 17 10 3.81
L Middle Fromal G 6 36 -8 43 3.33 L Precentral G 6 -46 3 48 3.75
L Precentral G 6 51 2 44 32 L Precentral G 6 38 6 33 3.67
R Precentral G 6 42 6 32 405 R Posterior Cingulate 30 12 6 12 34

R Precentral G 6 38 B 30 3.68

G: gyrus; N: nucleus
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NEA ANFEYY Ao e 9y
J

& BA Ad, gEelLnE: 2 wg
o) E TE u A= H I =

“dE41 3] (precentral gyrus)2} £-51*+2)(middle frontal
gyrs)= #ZHglow, oL E L
W GolL2yE 2w, Hlszek goje] &

L

o2 = B 8 oo 1

2 [0 o o

:li o rlr
A N )
TR T2
ro, N
B 5
R
o
12,
-z
o
i
ok
)
—n
&
filo

ol 2 of on
= o

52

o,

i)

ox,

o
o2

i
i)
P,L
rr

AB7E R BAASEHAA, 4% St
(posterior cingulate) oA x FAstE W
ATk AnkA o7, gojL2) & = w FAds)
ool ¥ =2A YEETad 2, 33x).
T Aoz BEAS S wWEs] Goln
7] S84, golLl) 23] 2ol FA
= W A3}t e, Fol(L2) Halr] =4
ol A FA2 ml Jol-2 < 4] (conjunction
analysis) © =22 B]3}o] HQTE Ax o]
LD R ZA3 = o2

9FZ precuneus

2. 7| o|BAHOIESAIES| A7} chy| MEE
(*P {001 uncorrected, cluster size >10)

MM

<} paracentral lobule, <Jo](L2)ellA]q}
gAslEE g9 U= culmend declive®

Zof2 et gdst 3o

gl LD)-FOIL)

G-l

Talairach # %

Talairach # 3

LR Region BA bt y . Z LR Region BA bt y z YA
L Precuncus 7 2 3 4 424 Declive =0 -39 -4 3.94
R Precuneus 7 4 M4 4 378 Culmen -0 66 5 371
R Paracentral Lo 6 5 26 49 399 Culmen # 10 -5 -17 391

Lo: lobule

—123 -



Aol #AAE = Joolr] wio|nt.
291 o= D= A E A
FeoAle] &zt AE A=,
7} 3)(angular gyrus) 2} A4~ 9(cuneus)
of 3| AJZHA who] AA] o]foll T el A]
wolE Q1= Melshs Ao dofsls 7=
2 HeltK(Indefrey et al., 2004).
2, GL2E 2% u A o

gharol(L1) &3t Fdella] FoL2)E m
ARAY, AFE Fo12) Eg3st FollA]
gHEol(LDE Wl S BAle] Ad, 7 o2
oAl Fagk B9 Aole JERIA eIt
0] Lol LHER precuneus 391 7
9)(attention)e]] THE F=2 =4 At
grol(Ll) zAdellA] AAle o5 T 7%
N Ao B 4 At Zo] gtk o
o7 W wis welrlel £ Hee =
ARE, garol 2 welr| 5 shkal o Al €]
W8l T o5 7129 B = A E
g JATAZ 19 Ads AvHo s 27

F5A= T dolE AHg-sk=dl AL
¥ goo] HsAl vERd Rl
ES

A 720 A= §-7] o]F<lo] %%ZMW 2
& 13 543+

AY 2: F7) £5AY olFAE

ft
AR, AR FEREE
ol AT FQ A4 FolA Gl Lh)E

=
FolR she $7] olFe] H5A 632
o st AAWIAE HE 0B
olglor], uFslma ga E}le ¥
7l HEAI. kA Bt AL 228
AR, 19416l A 274 AtelGieh. Fol {34
= BA] Yste] A FoAAAdA-E At
o], TOEFLo]\} TOEIC®] “dZjo] 7g #%
(TOEEL 550; TOEIC 750) ¢]/4¢1 3tA5-2 x|
A= mAsidth. Al ek stE
o] A #-& TOEICO.Z St Hy 845
(7757“—9567“) o] gj\q. /\1‘84 19 7‘4—7]_6]- 57]¢

Sapsh A3 20) FAGEAES Fol A
2 wad 2, SAXA Aolrh YA
ASIT} FLS)213, p > 43 A7 Z74AA
= gote) Aldldol AFHAT

A3 Az, AF 29 mE AAE A9 1
s e A,

IMRI 215 855} 24wy, 29 15} %

A Y= A

= A 7574,
ol A= kA ﬁ (eft mlddle frontal gyrus),

precuneus, ®*

E
fLLlN'
2

Sl(lentiform nucleus), A4
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(thalamus), 7154] S](precentral gyrus), $-o
S)(posterior cingulate gyrus) 2} parahippocampa 1
gyrus7F EA3stE Q0L fubrolA e AT
3| (superior frontal gyrus), "]}l (caudate)e]
A7l AT Wi, ol(L2) AFEol=
ol A= o3 (cingulate gyrus), 415
3](middle frontal gyrus), A14>$(cuneus), &
T3] (superior temporal gyrus), —Lg]i1 -$-uh
AP (thalamus)®]  &9317F Vel A5
P2 L29] AbZel A Fo DSt

e

4

1

=2 gao(Ll) Z=7dA]
Jeolx Jo] (L2) Z7loAlnt
Solr 7] QA gh=to]
]

o
L) Haprlea 72 232 m FogS oA

I 3. 27| O|BANSSFAS0] F A0S L ff eyats= Y

(p <00l uncorrected, cluster size ) 10)

F=ol LD $ol (LY
Talairach &% Talairach 3%

LR Region BA XYz Z3% LR Region BA x v 1z Z %
L  Inferior Frontal G 47 36 029 6 372 L Cingulate G 32 -4 29 2 435
L Precuneus 31 2 60 U 376 L Cingulate G 32 -6 25 32 427
L Lentiform N Putamen 22 4 3 358 L  Middle Frontal G 6 46 6 46 424
L Lentiform N Putamen 24 14 -1 355 L  Middle Frontal G 6 4 5 5B 3%
L Thalamus Pulvinar 8§ 27 12 358 L Cuneus 7 8 95 5 414
L Precentral G 6 570 42 353 L Superior Temporal G 22 48 11 - 3.73
L  Posterior Cingulate 29 120500 60 3.3 R Thalamus =18 1 12 329
L  Parahippocampal G 28 -8 16 16 333
R Superior Frontal G 6 0 7 57 33
R Caudate Candsle Body 16 -12 23 3.7
G: gyrus, N: nucleus
4 27| O|BANESAIEQ| ofofZh che| MEEA Zu2 et ghedst 3o

(*p <001 uncorrected, cluster size ) 10)
o (LI)-F L) G 1L2)-F5olL)
Talairach &% Talaitach #-3

LR Region BA X y z Z LR Region BA  x y z Z
L Supramarginal G 40 5B 320 409 L Inferior Frotal G 9 53 11 33 418
L  Medial Frontal G 9 4 50 20 34 L Lingual G 18 -0 8 2 3.88
L Precuneus 31 6 47 34 338 L Cingulate G 2 -6 21 4 3.84
R Middle Frontal G 9 48 35 31 435 L  Medial Frontal G 9 $ 29 32 363
R Middle Frontal G 9 46 29 37 352 L  Middle Frontal G 6 3 6 43 372
R Inferior Frontal G 47 4 30 -2 33 R Fusiform G 37 30 4 11 414
R Medial Frontal G 10 4 53 12 366 R Medial Frontal G 9 10 29 32 439

R Cingulate G 32 12 21 38 3356

G: gyrus, N: nucleus
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FolL2) Z3prlex A e m Ae=

akskar, AR Gl Lol =t

AL W FroR FHL& EAoR thusie
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Byttt Ax, A3 19 27] o)FdoF5EA
o= sl oe 2yt vEyth grol
LD oA Adste]e ooz e Axkyt A
WS, WHF3], precuneuse}l -1 ST

3], st WATFITE e ol
L) oA BAste = JAoRs Hukye]
s3], T3, A7 2 E4ds)
HQar, He] lingual gyrusel thals] <
Al 83t ggor vEsth fukA e
Fusiform gyrus 9} W]x+F3], tiads]e] &/ds}
7} RATKE 4 F3D.

= 9
A7 2¢] Folgk §7] o]Fo] F5Ae
T, AolE A S EE P
2 4s vEA UERtGr 2 #3x). L1
A2 = precuneus, AEAS], A= S

] Eghsl dhale], 129] M
T AT e el 24
Pl SEEln g 4,5 3.
14 271455 A T glojo
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o) BAslyl 1 BuE n
A Gol(L2)2] AFEol ghao] (L2
e Hléﬂ Ak Are] ole ool
whEE Ao Hol, GolL) o] HEL A
oa_oﬁm spgoldrluck: BAI4
Aelspgel Fu dolalar e Acle} §4

Ao
(precentral gyrus)sq 437} EA =
29 2, A58 )] a
Al oo %}Hﬁ}ﬂ Fa J}ﬂﬂg;h:} wal
Ll L26] S48EE 297l 4ds] 354
o]t
A8 2= o] G o] =4 Awol
FEAE o= A &
el Ae] = FAstE 2}71%
Eolugt. as, dEokLnel 4
precuneus, AEAlS), A= T}
o] x3E =] Hkslol], JollL2) o] 4
B2 AEds didslela e 2k
el #RHAAG (O 4, 5 F2).
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Bilingual’s Brain Activation and the
Age of Acquisition: An fMRI Study

Seungbok Lee Eun—Kyoung Yeon
Dept. of Psychology, Chungbuk Korean Education Development
National University Institute
Hyo—Woon Yoon Kwan—Jin Jung
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
expetiment 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 supetrior temporal
gyrus(BA 22), and the right thalamus. The frontal areas were more activated in L2. The involved regions
wetre 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

—134 —



o
ol
i
e
o
o
o
fol
Ho
o
el
3
S
o
re
2
To
S
1
>
N
o
g3
T
=
2
1

in the late bilinguals. The frontal areas are more involved in these late learners when speaking 1.2. These
results suggest that frontal areas play a more important role in 1.2 production in the case of the late bilinguals.

Keywords: bilingualism, age of acquisition, frontal lobe, precentral lobe, language production
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