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st A #Aste @ggEita B 4 9 A2 & 5 At

ohoshfeld, Asivlelsh Bd FATEt A9 WA mefsicl & e ols 5
BRI oL FATA ooz 2009] A= BRI F Qo
3 Hwstgithe Aoltt e g #
ol& *ﬂ-ﬂ‘é EARAA 2 AE
uag W, B dpdAe dgAE v
of MYEE $uT AT A4 Aol A HA AMTH 2delA A7) o)
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0155 S / et=0-g0 0|SUMAR| OR(AA!: 7I5H AP ST (MRI) A7

of

2o 1 AW} AR Bl Uege s o Auee F dole] @48 Joje ¥
= & Afol7h BTk Holk

v}

o]
Aol dnE gaTe vands

), B AR ofadaAe T dojelA 4l
g 7R $83 Aole ARATEAME Aol 2HIE sl AolrrR E
B ghmolet go] HAldMe] Z43st 49 AT AIe olFdofAte] F Aol 44
o zpol7h HATGAUNam er al, 2003), G99 AFFe] HE Qe FHHA Uoke A
Zpol7h kA gtk Hed wiEiAelsE 2 dAEh &, ojFdo] AANA FEHNU
2002, 2004; SE-E, 2AY, 2004, B AT AEEATE g Ao e beg A%

E 1. F A0fo| ofFjEctAolM EdstEE Iy

243 99 Talairach 2%
el z%
LR Region BA x y z
o] L Cingulate Gyrus 32 4 14 42 3.47
L Postcentral Gyrus 1 51 -24 55 2.96
L Inferior Frontal Gyrus 9 -55 21 23 2.88
L Inferior Parietal Lobule 40 -36 -46 43 2.79
R Inferior Frontal Gyrus 45 57 26 13 3.54
R Insula 13 36 21 1 2.89
R Inferior Frontal Gyrus 46 48 43 11 2.67
g o] L Medial Frontal Gyrus 9 -4 31 33 3.9
L Postcentral Gyrus 40 -48 -32 50 3.7
L Superior Parietal Lobule 7 -26 -54 43 3.25
L Fusiform Gyrus 37 -38 -57 -14 2.69
L Inferior Frontal Gyrus 45 -44 20 3 2,59
L Caudate - 4 10 4 2.68
L Precentral Gyrus 6 -48 0 44 2.67
R Inferior Frontal Gyrus 46 53 30 15 4.05
R Inferior Frontal Gyrus 47 40 19 -14 4.79
R Medial Frontal Gyrus 9 6 31 33 4.13
R Caudate - 14 14 9 2.85
R Middle Frontal Gyrus 8 50 23 38 271

[3h=o]: KT>KR, 9©}: ET>ER} (p <.005(uncorrected), cluster=10)
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2 HEEAMES Soff 2 2 2Ao{of M2t 2oiE H Y

243t 99 Talairach 3%
%ol Z %
Region BA x y z
g0 L Precuneus 31 -14 45 35 3.28
L Cuneus 18 -2 -75 18 3.21
L Paracentral Lobule 5 -12 -40 55 3.15
R Medial Frontal Gyrus 6 8 -26 55 2.76
g o] L Inferior Frontal Gyrus 46 -48 41 7 2.94
L Middle Temporal Gyrus 21 51 3 22 2.79
R Superior Frontal Gyrus 9 32 35 30 4.09
[gF=o]: (KT-KR)>(ET-ER); ©]: (ET-ER)>(KT-KR)}
(p <.005(uncorrected), cluster=10)
=o] Athe AR R&(Kroll & Stewart, 1990)  APAF S0 E L A EaHAE =
A U AANE MSATIN FEHE AF 9O DM Uehi 2tk ol
ArcavRet A, 1997) Bk 4 © 3 53] ol5E 52002, 20092 ATelME g
Adoz ¥ 94 AT T AT ANE o AdIA 259 BN SYHolga
Aol =9ota e, B AFoM s FolFAl Al
¥ GG 7IRe ol&ate] olFdolAel AN det wEE R, dTo] AzldAe SFHOl
o] IS FITF AFES UFE oFd  Holske TV HolA @itk B A7 2
el T ok Mg Al BHSE  Bet ke AL £EE 2AH0NY A
th Bt 9lukilles er al, 1999; Hernandez — 2FOIH| M= 599 g3 BuHA
et al, 2000; Fabbro, 2001a; Ruschemeyer et al, otk Wb A AQ Ao] I 29 syt
200, AT ol ATEANE BRE 2 o A3 ZEGS AcE B o4l IS
AEe ASQIESRH &ole F dojoll AP wf dofshe Folgta 5T F de
We mugch wed JRden TEAd  Adh
Aol s ARESthE A Ffrele @oivt k= wAE kel o] eh w4
B2 ddojgte AL ik ool Hlal @=o]  F Y Tl tdEe] 2AstE Rl
of 2 AAe Lulat Felo] t=2a $AF AFA ux g A" dger Heln.
Al FE= i Holet & < e A o A= dAHY A #Aste FE
2 dojt} o]g3t Aol Aolrt AR TA o2 Hu%E 3 v Jansma et al., 2001), £
o Fo & =¥ Aolgk & 4 dedl B ATl oFHE] JA] AEAEE Aol
ATl A7y} o] 2 =wslth 3fj A1 &+ 21t} Grainger9} Beauvillian(1988)-2-
E HRATH T DR $ER AP 2e Qo] N Lol okt AEA
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t=01-H01 O|SUAALR] H2[HA!: 7|SA AV [SEGY(MRI) 7

a8 1. 2=0] X z2[o EdatEE ¥y

(p <.005(uncorrected), cluster=10)

O 2. Hof of2fX 2l 24siEe IS

(p <.005(uncorrected), cluster=10)

O% 6. eh=0i(wzh) ot Fof(Z=F4H) 2| of2lX2|of ZHofst=E Yol v

(p <.005(uncorrected), cluster=10)

ol

- 63 -



=
=

)3
2

o
}

3|
s

L

T

85 rglons @

3} HolN ojgA BAHEAE

1

%

A e Aol o ad A 1
2

=

=

2} melr
oE}

=

o

L

T

X E(pitch and tone)?} TA7}

Ao Hslwke gFlenz 2t
o7 4#x] tiTan et al, 2001). L

|X| :

3

),

o]
L

T

<)

o % <ol Ajeleld Polike Az
WATE, 2T B} Pl s

=42
o

t
Aol A

15

g

s
H

Y 7%

ste

ek ofg|Afg]e] e

2~
T

3}
=

S|
axl

o7
B

Bo

B

‘umO
B

)

Aol

T

L

stk

<)

AA]

=
=

7

=

[¢)

1

I<
pal

of o

= A
T T

o

1

Fo}-go] o] Fqlele] A} WER £

pud

L

Al b

[

3, FuEt 4

7

o] H1¥ 1 9 TKSevostianov et al., 2002.).

8l o}
439 A3}

Ko
BN

oldl dx|s}

L
=

#d o

1

©
pal

L

T

2

[

th ske g oo o AA o

LA

245

2

s

=
T

L2 AzfolA 2}

=
=

3

Momaur et al., 2004; ©]5E = 2002).

™
0

Ay

)

)

wa

]

al
AE

],

S
=

Ak
|

A=)
RN
Ho

L

k|

3o

?.

<)

A

sl
=

=

=

[¢]

Qofe] A
AR A7 AIAA

==
=

°]
s7lelolt A8 rel Aolw 9

olei.

HH, gh=ofol A

=
=

Sohdl 73
_?;I

A

[e)
TKGhaem et al 1997; Krause et al, 1999). 1291

FFU39 ST WHRSR Yehh
A% A7t e7HE

s 2

B[N

N4 = ojoF & Aol

o] A7AEe] At

[

=

- 64 -



055 5/ et=0-g0f o1&

QIO Xte] O={HA: H(TMRI) A7

7158 X |2EY

T o] oule] fig AdHAG AEIA
£ FE O ol dAle dojoin| s}
Wdol #Aefshe AR Ao BT oy
ek RAAA] 2 skl A7) wEel
T o] Atele] ztelzp #AEA| 4SS Ths
AZ ot dozol AFdE ofg i

urh B S48 ojslzlelnt BAHE B
U, e FY £98 AdaA e gdEe )
A= AR AAAT BelHel g

XL Fe SRHUEAE A 9F dT= A
3
= .

A o]
Fned

Azl G (1998). olTdoiAte] ALY

Az FE71GHAL g7 A 9
&3 oIX|nkE 9. 47-60.

A (1999). @ol 9] ofn] wjetel] 53550
el Bk s=d2lsex: o

& % ol
A9Z (1979, BAZES x| chof elxof

o
LEiLtE oM ERIZD Metigtu XA}

&o] =8
A, ALY, A3 (1996). $=0i-¥of of
FoloiRle] dojas TxEA. @2 Ul

o] A EA P s, 128-141
29 (1997). sH=20-Hoi 0|F210f A2 T
3 7|23l AAMste vALEY] =

H29, A2, A (1997). ghof-do] o]
Aol 2= 2 A=rpge g4 A

gl olx|AlZ|8ts| H201TE|, 211-228.

%E%’ ‘31 (2004). 710 X]_7]_:_tﬂ oﬂ}\}mo
2 ol 32 dold ugd AZ4H A
glo] EA. si2alz|atslx|: A8 16(3),

353-364.

olgy, A7, FEE (2004) =rol-gof o
ol £ ouiAEe AAA )%
7154 A71EH 9% AT stEAlelE
3|x|: AE, 16(3), 61-75.

olFE, A7, olvhv], Az (2002). FA
imﬂr?é W gho]-go] olFdojate]
x| A3} sk HEE|R|, 2(2). 147-153.

o] gk, ZHE7A( 2004). =<l FojHz] <]

7IA: Aol Aelste] dsAes 34

O.=. ¢lx|ntst, 15(2), 43-53.
Bookheimer, S. (2002). Functional MRI of Language:

New Approaches to Understanding the
Cortical Organization of Semantic Processing.

Annual Review of Neuroscience, 25, 151-188.
Chee, M. W., Hon, N., Lee, HL., and Soon, C. S.

(2001).  Relative = Language  Proficiency
Modulates BOLD  Signal Change when
Bilinguals  Perform  Semantic  Judgments.

Neurolmage, 13, 1155-1163.

Chee, M. W., Tan, E. W. L., & Thiel, T. (1999).
Mandarin ~ and  English  Single  Word
Processing studied with functional magnetic
resonance imaging. Journal of Neuroscience, 19,
3050-3056.

D'Esposito, M., Detre, J. A., Alsop, D. C., Shin R.
K., Atlas, S., Grossman, M. (1995). The
neural basis of the central executive systems
of working memory. Nature, 378, 279-281.

Fabbro, F. (2001a). The Bilingual Brain: Cerebral
Representation Brain  and
Language, 79, 211-222.

Fabbro, F. (2001b). The Bilingual Brain: Bilingual
Aphasia. Brain and Language, 79, 201-210.

Ghaem O, Mellet E, Crivello F, Tzourio N,

of Languages.

- 65 -



Mazoyer B, Berthoz A, Denis M. (1997).
Mental navigation along memorized routes
activates the hippocampus, precuneus, and
insula. Newrorgpors. 10;8(3), 739-44.
Grainger, J., & Beauvillain, C. (1988). Associative
Limits  of

Canadian

Some

Eftects.
Journal of Psychology, 42, 261-273.

Grainger, J. (1993). Visual Word Recognition in
Bilinguals. In R. Schreuder & B. Welters
(Eds.). The Bilingual Lexicon. Amsterdam:
John Benjamines Publishing Co.

Green, D. W. (1986). Control,
Resource. Brain and Language, 27, 210-223.

Hernandez, A. E., Martinez, A., & Kohnert, K.

Priming in Bilinguals:

Intetlingual  Facilitation

Activation and

(2000). In search of the language switch:

An {MRI study of picture naming in

Spanish-English ~ bilinguals. ~ Brain ~ and
Language, 73, 421-431.

Iles, J., Francis, W. S., Desmond, J. E., Gabrieli,
J. D, Glover, G. H, Poldrack, R, Lee, C.
J., & Wagner, A. D. (1999). Convergent
cortical representation of semantic processing
in Dbilinguals. Brain and Language, 70,
347-363.

Jansen, A., Drager, B., van Randenborghl, ]J.,
Floel, A., Forster, A., Deppe, F., & Knecht,
S, (2004). of the

Involvement right

hemisphere  in  linguistic ~ processing-An
event-related functional MRI study. Abstracts
in 2004 OHBM.

Jansma, J. M., Ramsey, N. F., Slagter, H. A, &
Kahn, R. S. (2001). Functional Anatomical

of Controlled

Correlates and  Automatic

Processing. Journal of Cognitive Neuroscience,

13(6). 730-743.
Kim, E. J. (1997). The
Second-Language ~ Acquisition: A Reaction-Time

Sensitive  Period  for
Study of Maturational Effects on the Acquisition
of L2  Lexico-Semantic and Syntactic -~ Systems.
PhD Thesis in University of Illinois at
Urbana-Champaign.

Kirsner, K., Lalore, E., & Hird, K (1993). The
Bilingual Lexicon: Exercise, Meaning, and
Morphology. In R. Shreuder & B. Weltens
(Eds.), The
John Benjamins Publishing Co.

Klein, D., Zatorre, R. J., Milner, B., & Meyer, E.

(1994).  Left

Bilingual ~ Lexicon.  Amsterdam:

Putaminal  Activation When
Speaking a Second Language: Evidence from
PET. NeuroReport, 5(17), 2295-2297.

Kolers, P. A. (1966). Interlingual Facilitation of
of  Verbal
Learning and Verbal Bebavior, 5, 314-310.
Krause BJ, Schmidt D, Mottaghy FM, Taylor J,
Halsband U, Herzog H, Tellmann L,
Muller-Gartner HW (1999). Episodic retrieval

Short-Term  Memory.  Journal

activates the precuneus irrespective of the
imagery content of word pair associates. A
PET study. Brain. 122(2), 255-63.
J. E, (1990).
Mediation ~ Bilingual ~ Translation.

presented at the 31st Annual Meeting of the

Kroll, & Stewart, E. Concept

Paper

Psychonomic Society. New Orleans.

Lee, B-T., Kyong, J-S., Lee, K-M., & Kim,
C-T.(2004). Hemispheric =~ Asymmetry in
Syntactic Processing: an Event-Related fMRI
Study. Abstracts in 2004 OHBM.

Mandler, G., Hamson, C., Dorfman, J. (1990).

Tests of Dual Process Theory: Word

- 66 -



055 5/ et=0-g0f o1&

HOIRte| O=IHA!: 71X A |SEEL (MR AT

Priming and Recognition. The  Quarterly
Journal  of  Experimental  Psychology, 424,
713-739.

Momaur, C., Péran, P., Nespoulous, J-L., Démonet,
J-F., Cardebat, D. (2004). Neurocognitive
aspects of bilingualism:  the case of

interpreters. Abstracts in 2004 OHBM.
Mummery, C. J., Shallice, T., & Price, C. J.
(1999). model in
priming: A functional image
Neurolmage, 9, 516-525.
Nam, K. C, Lee, D. H, Oh, H. K, Ryy, J. W,
Na, D. K. (2003). Cortical

Dual-process semantic

perspective.

activation

associated with
production of L1, L2, and L3 words in
fMRI. Abstracts in 2003 OHBM.

Rodriguez-Fornells, A., Rotte, M., Heinze, H.,,

Nosselt, T., Munte, T.(2002). Brain Potential

comprehension and

and Functional MRI Evidence for How to
Handle Two Languages with One Brain.
Nature, 415, 1026-1029.

Ruschemeyer, S-A., Fiebach, CJ., Friederici, A. D.

(2004).  Processing Native vs. Foreign
Languages: Universals and Differences seen
using fMRI Abstracts in 2004 OHBM.

Sevestianov, A., Horwitz, B., Nechaev, V., Williams,
R., Fromm, S., Braun, AR. (2002). fMRI
study comparing names versus pictures of
objects. Human Brain Mapping, 16, 168-175.

Sinai, A., & Pratt, H. (2002). Electrophysiological
Evidence for Priming in Response to Words
and Pseudowords in First and Second
Language. Brain and Language, 80, 242-252.

Tan, L. H.,, Liu, H-L., Pefetti, C. A., Spinks, J.
A, Fox, P. T, Gao, J-H (2001). The
neural systems underlying Chinese logograph

reading. Neurolmage, 13, 836-846.

1A A 2005, 1. 3

HZAANZAA: 2005. 3. 24

- 67 -



R e R s
The Korean Journal of Experimental Psychology
2005, Vol. 17, No. 1, 51 - 68

<Observation>

An fMRI Study on the Bilinguals' Lexical Processing:
In Case of the Late Korean-English Bilinguals

Seungbok Lee Hyo-Woon Yoon
Department of Psychology Brain Research Center
Chungbuk National University KAIST

Eun-Kyoung Yeon
Korean Educational Development Institute

Recent neuroimaging studies have drawn a heterogeneous picture on the cerebral organization of a first
language(Ll) and a second language(L2). There had been some evidences that L1 and L2 are supported by
identical brain regions, whereas contradictory results indicate a differential cerebral organization for L1 and L2.
The purpose of the present paper is to see whether brain region activation during lexical decision tasks
represents any spatial distinction between L1 and L2. To examine whether the two languages are represented
in distinct or overlapping areas of the brain, we applied functional magnetic resonance imaging (fMRI).
Twelve right-handed Korean-English bilingual students were scanned during the lexical decision tasks. The
cortical activations were compared with the eye fixation(baseline) condition. The contrast between the two
languages(Korean, English) in the LDT task against baseline(Fig. 1) indicates the two languages are both
represented bilaterally. The activated areas in Korean task were the bilateral IFG, the left cingulated gyrus,
the postcentral gyrus and right insula. In English task, the bilateral inferior, medial and middle fronal gyri,
the left postcentral gyrus, the left superior parietal gyrus, and fusiform gyrus were involved. It seemed that
in the Korean-English late bilinguals lexical processing, distinct bilateral areas are recruited. It suggests the

lexicon of the later acquired language should be represented some other place near the native tongue.

Keywords: bilingual, fMRI, lexical decision task, brain activation, inferior fromal gyrus
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