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ATolME PHE 7Eshe A BEE olslste A dous &% EAKmotor simulation)7}
| &% A2 mAe 92 PF e BA 2 H3 E4E Fa gotrazt 3
A, A8 ke AAA AT Az wgt T 7] 8% SRS A-HE F27], Y Br)E
2 d¥dxe A dF ikes a7dte AdE AL 474 F A2z g9
HEHES sl dES Bolthd FHAS & &2 AN EAL, A7 3
oA A=Fe] Az o5 AFE PF S FANEE A TUth AF
z1e XPZJ] Aol o3 AAE W P AT UL IAA =
FH 2707 FAHAY PF dolE #A A, RREAIRE 9 S REANA AF-RE YA o Fo] mE
YRkl 2EF 5 1T F U%lx, A4 g9 2 w FHRAS =2 9 s
E AT 249 W 2AlsE AFAA AAE 7SR -100msol| 4] 800ms ikl digte] &5 A ¥
o] ALA T A (event-related potential, ERP)S -3+ T EA4] A4S A3 23 =Y A=) vl&], P9
AAjol9] &3be ASAIA F 150-250 ms P E B A HA APor, 450-550 ms TN Hrp 2
4 gy oz vyt P9 Aol 9FEE % ¥ U] Hxd wmE M EHRE N0 TIHol|A
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9ok AR o fo wet £x 9 W FAHE doE HoFrt ol os_;l Azt Qoje] ola)s} 1Ht-g
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Z|(Embodied Cognition) 0] 2& | A|e}= ZAZ " 4 ok
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3 5] A F U ThA A ZHA 1 5. R31-20004).

AR =927 3s] A G A FRHNS.

AR o] FE, A A QA WFAERY A T, B ST FHEF 4F 30

E-mail : dhlee@pusan.ac.kr

- 393 -



1996 olggjote] 417 #HeA; Giacomo
Rizzolatti®} 19] FFEEL Macaque H50]9
AT ARRA F5 GG AAA

3 9%l Alo] ﬁol*; Holge P9 &
g wf Wk ofz}, tE Aol Ze AY
AL HolE PolHe B4 BAY 0
waee Ag BAdae o
< A& A Mirror Neuron)o]2hal 83}

ThRizzolatti et al., 1996). ©]&3+ AL A7
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A9 oJuE olslste Hgo] HEH PF
Aplel 1 P E AP A o
(simulation) T C. 24 o] Fo ki 7519
=, 99 dF elalzt F3AQ
=y AEe 9fd) o] FoAE Aol ofy
Al PE BAPS v ol #g
SAE Y Ao dig 44
o] FoARtE Aot} o]
g Ag A7 Alzgle] BHe de] olad
gk AR Al MAYSS e B4
w2} 3} 7] (imitation), P}
o] Z(theory of mind) 5 A} A 3 F(social
behavior)®] ©]3|7} YA Fi oA dojuyt
7t U AR dxs Aggoer

W, B QT Rokd 4gE L ek
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simulation)S £-3|

o, Z*%H(empathy),

(Rizzolatti & Craighero, 2004).
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shgel JE vlte Aot B ohe),
oule] olaBgel 27hg5 FAozyH
SHE F424Q 71% Al Al(amodal  symbolic
gl o|FelAE Aol ohieh
Wi 0 4703 $F PHE HEoR o R
AttE A3}E AX|(Embodied Cognition),
H 21A](Grounded Cognition)?] & A|A| 5=
2% AABHE Az welelAn Un
(Barsalou, 2008; 2009, Gallese & Lakoff, 2005).
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st SHHEAE 7158 AleE 9% W

o ofl
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& olgdte] AR, 1 A3
ZAE = AL olsge) o2 u}
Aziz-Zadeh®} Damasio(2008)= P S 7]
dojxel EAL oldish= Tg Fo el
L= yAo A= FPYe A dstAY A
Foke g BF 2asse A A7 v
AYFol 719ksie, ol a9l g g4

3] 2 (premotor  cortex)ol] =AY 8k
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Glenberg 9} Kaschak(2002) o] #|A]gt gP9-&

72 x4 I action-sentence compatibility effect:
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g AT Fel B4
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= /\]7;"1:1(]—61: 10 WA A 3R 5FO.
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AFZ(motor execution) G o] AA|7FA o2 gk
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S ¢ 4 ¢t} Boulenger et al.(2006)=
2 d4a) Aol 549 998 87
5 BAE FUE B P99 A
9 A2 A9 B 5L A AR A
NgozA, W9 Ade e AR T
T e Wsks dERh o] AgelA]
AR A el gl dedd &
2 Qh AZE @AsE FoAE doem
ol ¥l BAE At BES FuD a7
wskt. A8 1edE A5e At el
71 GAH7E HA AN D, ez A
AL 2 PHTAL F2 Hdorl AAE A
4 AgWHE Sneer doddel @
G0 A% EAE delor BT, el
%
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T+ =0 JA LA oA ASH R Eofet
ot AP 20X e SEI AAH dA
& Hge7t e AR 52
SAE gl TAE AMEAL AE 19
Anre FA "APE A" el HlE,
g9 AP AAE B BE wkgo] 28]
=0z 4 &I7F dojwton, v A9 2
qre FA BAPE GA R Folxl 7
3, B9 FAE TME FolHE o,
Sl tE weAle £ 59E Eoﬂlﬂr 0|
23t 2312 nlELO 2 Boulenger et al (2006
BF W] AlFF AZIZHE 200ms <tel] 3
A Hde Aele WaEHRE Lo, 9
AlZE oldel 9] ide Aele FXEAE
]

b FeEe BelEl o o

TE2 o] EHA FFZE(syntactic structure)
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elgel - MYy - 0|5F / HEdR/0l 0|Xl= HoiAI=e| ZHISDh: ARAREAS] 47
u, o] Zol(word length), @] WlX=(word 3t % IAE APt 7R tlo|HE
frequency) &-& &G (familiarity) 5= HUEs] A7) FETE W o Aoz e
Aok, #FE A3 Ago] ol FAF  ARMAH =R Qdl, 7w FFo HstEd
8Rlolu, Ao A= AA|o] B o A & #Fs] PESTh o|d W, EEGS] -
o] ofd, o] A=} §kg 5 ke 7k = AIMA =S AdAE 22 2
T FEY frabdel ZIlEtha Bekrh ol RIZE AARlo]l Utk SHAIY, EEGE W F
S AFRES vEeR, 9 ARES dojo] 1HH A= Azl FEe A FHo] &
olg7t F3A 71E AAE ez A & ©de] Stk a¥y, H v Ads
He SHAQ ol BEY Ayt oidal, o] &d 1BE M Thhigh-density EEG) %3] <}
doju} BRo] Rdsk= 2o, 39, A AF 9 Z(current source density, CSD)&-2A], 4l
o #HE T, &F FEIF FHAA AA & YA YA A source localiztion) T2 Al
(re-enactment) 22 FAlsimulation)d O 2 213 2§ Yy B WS B 27HA A=}
olaf 7} 0101\,}1, ol A o] Folx] A5 ZUAE FATL F e WHECl T
T A47-F FEY AN W&ol Huet A Aok & £°], Pulvermiiller, Hire &
Ju= “_% 5% dASAY A W, Hummel200D)E LUE 3 RS o] gaj],
dF A3t o] dojFom s Axa  AAY WL, tehE YEle d9F
o8 3 Iyt dojdttn FAeth BNk ALE odste TJrXﬂ Fste Bt Y
ofel, olgfet M3l &= AL A Al A FA AFAEE(Current source density,

93 2ol P9l Ahdel olalg &5 4% 3}
ol FEAer Hoshs A7 7IA7E &2
ot7] wjEel2kal
Gallese et al. 2009).
SE, @A AWE HS o], @A
£ o] &3 AFTEL(d, Hauk et al,
G9) v} B3] olsh HHelN L%
o] 2YstdE HolE ol2fg
7F AA B9 AEehe & 7w 2
AsHE2 FDsiAY Hellete A&
o= Hog F3H S AAEA @
ol A7 A BAHA e ol
st WHEARQD Al oko|t). fMRIS] 7
T 10] L=1 O]z“s_

Zolu vl 5

==

743K (Chersi et al. 2010,

2004)
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ﬂlo oo o &

CSD)7} A= xﬂ/\] % oF 170ms-250ms A}o] ]|
Zyzke] AlA 9] He tE2Ad ExEs Ho
FA. ol Adte P9 FAR ola I
el Uete &5 2o st dds) w
B Azt dojde yehdat SAlel EEGE

FHAE 5 9109 durd 2ES 27
g 4 S-S HoFETHPulvermuller, Hirle &

Hummel, 2001; Hauk et al., 2008).

Gebd, 2 ATNE 48 Wbt HE
FE7)19 WY wlgke F R ke
cASES a7 BN doin A
e $% 9a 29 HuE Zggew
Solpaa} shich A7 AAlel AH, 4
e AT Age] wet T A
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Hlg], ‘HES FejEb S HES golgbl
A % A9 Hapt g et e A
ojth. Mg AFE nd & o, Fnlst 4
BEd Hla @9 Aret ANE ABS, &

% 549 Yste] o] vwd we A
(170-250ms)7tel] W3t Aoz o Fsginh
(Pulvermuller, Hiarle & Hummel, 2001; Hauk et
al, 2008. A, 39 AAlole] oju]z} WS

PE3} YAske o BUASHE A

=3 ZE, 2EF ZW7E &5 FHAA
w7t ot Aotk ARkl A 2E
s BFE A

Al F 2k 400~500ms T7ke] HA E gk
ol ¥ Al vUehyde ez HuHUtKlan
& Polich, 1999; Liotti, Woldorff, Perez and May
berg, 2000; Rebai, Bernard & Lannou 1997). wha}
A, B ANE B9 ANolst g P
QA EAA) ZAANN A7l BAEIL
&% 74 299 WA E ehper, 1
23 AIRE el A Al vehdes AS gobl
a2 Sk aga, A7 29Es bEe
B9 Al Ash 4A B9l Azl o
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ol ¥l =efstaal drk
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MR Faddietuel] Ajg FQl 219
i gh/ol s A oAk :
ok 284, BEFAAF=33)0] A F7} FMS

& 139 w5 dolEE 2e ¥ gukles
QA% o]z wpo] Hsh FAA A2HY
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& ANGE volgE FAHCVNES
welel, pl2g dole), 212t Azl AA
£ wsdest GANAY, BAAR =

AHow AANAT & WES EHe)
Sddoz AAEH A ]ﬂb FED R EE]
Fda) HES F2E Y7t eFgoesn
dx 2o, ‘HILE Holgbrh wEdow
AAEH AAEE ey o2 bk Fol
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Folged FAAR ANEY 27HE vk
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o EXI BN HualsE Q~Ego}
gTecAte] gUSBampZ 7153} aL, H 332
MATLABY] SimulinkZ AF&3}3ith 2 =3 #
HlE oM fatshe nddt A7NEE F
Zslo] TUE o] AEE FAEE W oy
g, dAg 252 HIAIA AFEAA &2
Edols B3 O EAS sbEeH dlE
o FA0-20- SR el whet 7470 A=
< THEF YT gGAMMAcapS ©]-8-3te 14

7Rl active electrodest= Z}Z} F3, Fz, F4, FC3,
FCz, FC4, C3, Cz, C4, CP3, CPz, CP4, Oz°l, 7]
FAFE 8% Ao, WAWIFL ojuld
Sk AFRAAAE gz B
o FHgeen ARG el
KLY 2. WA TEES
gatr] slste] 2709] EOGEFY, FPDE o]
Aty W3t As5E 256H2 AZY 9
3, FL2 AAE7] Yste] 0.1-60Hz] on-line
ZE7} AR H 3o 9 5RAg2 5kQ ol et
BT

SHE H9 AREE gTechto] ghsanalyzeo]
o £4ENem o] A off-line E =
ARgaHA] sttt S8 E Hut Algel et
Remove drift, DC correction, Detrending 52] &
Ae AP APk AAGHAH S AR
dlolele 25 AIAA 100msell A 2= AA]
F 800ms7hA| o] A F7E Tl A VEOG,
HEOGE 1183l 348 = Zueld] olg o
F8% 1olzsh Aol 1000V o]l AL}
ooavriRiel A%, Ee Auieh A0 A
17k 1000v7} B A %ol BAGN Al
o A AN A 200ms Fere] Hit AES
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BHEAIZ|EER] 1 QUK U M2
2 A B HSERP) HE vtk A 3 & 7 A5 23] mE afelE BAHC
R o Fou|gt AEES AF0R AME 2 AZENT ad st 7 AT SX<A
FTHXRUAEDF, B9 AroE AFeE AL F g P A5 244 gE
L3HUA T AA, BYA-Ee A4 24 2§ Hi A9 E Jepdg

< vl BH, A= AA] F 2 150ms o] F mA, A2 AA] T 150-250ms FIHe] HA
of Yehts HApositive F@Z A5 AAl gl digte], Zzte] T AFelA wkg 9
T oF 450ms o] Fo UERE FH(negative  FH AT o] mhE o] WEHEAE A
FYo A B Aort e A B F 3tk sk WA, $d9e JEhdle A
Time window 150-250ms 77+e] 4 #Fox] Ao BNAF}E HYH A5z FEIH

L

T Y 29 Hypt dA, YA 24
B8] o] =w, 450-550ms ko] HAH w}go]
Ae 29 219 Hat g zdd vg
o A7 debgeh 2t A3 AAe)A 73
o] i A Z(amplitudoS 27 AP R
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o
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(Fo39=5.759, p<.05)7} +<Ju]s}A
e FE AduAeEe f9
A ek ol¢h vV R, £99S UER
T GHAeIAY EAHE BH A5x4
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gm, wede FEslet AsHERTFE § T 4s0ms ol Tl Uehbe F4 Sgo B
[e)
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A2 z7el FETE aY 4 5 Bol ol gl 7t AF AAelN whg PET} A
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ZHlA % 9d B p<001). 150-250ms 77+ TEA|, W 9
2 Btk a2 9o FEARE Fon|d R JEhg ok
o £33 8 ¥ Fu»=20.201, p<.001, C3: Fy,»=6.242, p<.05),

2 Aole A W B9 AF 24 el ysAse ¥

t274, o

A a9l AN

£

s gt A% QAN 2F fejv] s ggn ol
olel wtall, e Aok a7 He v I Ade I 4, 5oM Hole AAH,
A o mE Aol A= AAl 9] A E ASo 8 ARRE ZHA F9
Cz 3
HE EHE HE HE
3 4 3
3
x
&
1 -
0
& F
4 - ®”i-2 -
=~
-3
4 + -4
MR=PEE E-FERE e

2! 5, 150-250ms 2+t 450-550ms T#24+2| Cz, C3 g9l =Y T H4.

("= A X[A0i7F MAIE =HollM gte dESote| Rl =7t p( 0500 FolatAl eSS

ofojgtct.)

- 403 -



o
g
>,
il
t
lo
D)
4

o7 AR THEA
© 2 o] AAH e,
F7HIE P9 A AJojs} HES FPEo] 2
of wet 2 e ozt
Hoiek webA, B9l vk AF
DA =LA ofF B & gR1e] M=
K S dolr 7] 9sted, FY A
AAE Ax B 240 digte], A5

Nk el 23 el deAE, At

]

N o = H
b o w g K1)
(o] ﬂ_l(_), l‘E
- =
&
£
1

(});;
_Qi
ofo
il

(

B N
R

=<\
L. o
2 [
2 o
HT
© g
m tlo
O
o
2 o
LTI
4 32
o
rE
olo
)
o
>

'
ol 010
1o
ne
x
°
)
|
N
N
N
1o
N
ml
&
N
Ho

=

m[

=

i

Q

3

jus)

o
oo @

kS

>

T -

"

o

4

4
z g °

fm of N

F27] Pofel wlaf e v 2AoA Ho

F 1. 460-660ms FZiollA EFE =luiel "
X

Melof chst Atel stEEAHaEEA 20

a3 AH= F %t

A= X (E) 1,17 10.087*
w23 9)(R) 1,17 7.181%
=R S R O] 1,17 10.509%
EXR 1,17 14.400%*

E XS 1,17 2.660-

R XS 1,17 0.214-
EXRXS 1,17 5.288%

#* p<.01; * p<.05; - No significant.

. BRAIE
FIL Fremsitte A,
YA AR wE AT} Ao
= #Ad we g2ge A
w2 A AAelA #
AQA AF-9-g- AAA EHE ¢
AnEsith o Ay, GHANAME
912 Uehli= AAlol7t AXE o WE
T2 P9 gk FERt frenlst
Al YeRd ¥R ©(17)=3.056, p<.05), < FAE
et AAl7E 2 o #9 Be @9
gt 2 Eve a8 24 28tk =1.842,
p=0.083.). °|¢} HHiE G| E &P
£ Uil Ao7F AAE o wgS Hie
Plol et DTHENLA v BYA, «17)=
2.787, p<.05)7} F2n] Al & ®bd, T 9
£ Yeill= A7 AAE we HE T2
= 9ol tig M E3= e Fofn] sk
% A2 YEsTH,)=1.375, p=0.187.).

¢

,ﬂ
o 2L

o,
. oo o
fol

S

ojo

(I

o olo
=
ot
L

B

oY oo mo & 44 =2 rlu
oft
BN

o
olN
o
t

tlo

i3
lo,

# AN E A A79 w23 Wl 3
9% 7l&ete Qoldel EALS olals: 3}
Rox FeeE £% sde 248 A4
3% A2 WAL 9%S AT v A

- 404 -



o

& / grSEelol DXl A= Zhd=nt: ARAREMS| T

49 23, AT Ve ol Aol
A5 AP AN A% weel A
E7b ol e S webn, B
St A9, B Be oRE Wav, we

Lo A9H 2EE B0E B

Stroop, 1935; MacLeod, 1991). °]&= &)

o
38
=

A

off Ao m dhy X jo oo
1
~

2 HdsE Qo4 Ede ozt W g
o AFE E1 He Atk A9 97

o] ZAztel A3} Buccino et al, 2005; Sato
et al., 2008; Boulenger et al., 2000).

g3t w4 Az vddeld 43S 2 B3
A x4 Hlgtd, whg PE VEste oA
ol A2 FIE ¢ 39 e AFE &
Z 93 2o A=Z AA T 150-250mso]]
AR e ol d9E 7leshs ©of
o] eujAg] PN & J& gl Hlu
4 whe A el 243 BE RoFE A
FATe] Aapel LA FrKPulvermuller, Hirle
& Hummel, 2001; Hauk et al., 2008). 2121} ©]
PR B9 AOIS) g AE k] 2
24 of el mg 31 3 I Uehd
A ok ol A9 Ael FE a9 wo
o ez 8 FWsE 2] £F 94

23te olF T ARy T A
Aiglel AEAoR Ao, o AvlelE

HkS- Qo] 3ol thalt 7H(interference) =

oleld A9l AAolel AA EAE Uk
oz N FHolzt AZolNE AF A
F 450-550ms 7o) A e #s]

s, weldel AFzle] FY 2

v, ¢ AAro] ZHAECA Hp & 19
o] Uehkth 9 Ao} Fxdel|A H[do]A
ol A= ZHd mlg| Hr} 2 N400 3o
< dojA et #ES onjHE &
e} 2 4 9lthKutas & Hillyard, 1984). 1]
283 A2 ol g N0 wtge] zlFo]
9] AArjofe} W S5 7] YA of Fof
w2t fojnlsiAl zkel7h wtke Aotk @9l
AAole] W&ol a7EE WHEEAllEI EYXA|
& AL T 2 N4oo THgo] UEehgton, 1
F3e Arle B 5 FHeAE T 49
AAOA7} & W AT 7oA, & 5 F
AAAE & P9 AR 7F EE o] &3 vk
gesxoA 47 frljek HHEHE doF
o AEelA due AAH, A58 4
Ao W N4o0 g7 #AEE A o
& 2EF JAE AHEe A9 ERP AT 2
9} U] 3FcHRosenfeld and Skogsberg, 2006; Ilan
and Polich,

2
-
ritt,
2

1999; Duncan-Johnson and Kopell,
2004;
2000; Rebai,

1981;
Woldorff, Perez

Markela-Lerenc et al., Liotti,
and May berg,
Bernard & Lannou 1997).

aeu, Ndooo A BEE P9 Ao wt
S BF Y dA/ELAR QG MR
a7t % Jd B E 2 P
£ Yeiie AXE, #HLS Bolehd o
3, & 2% J92 BAO)dME £ P95 U
ERlE AA0IF, HES welghdl 98 44
ddAew FA dehd He 9] A=
A3 w& AHe B} 47 AA EH
flo EFH ol HAPAT Z2Rs 1dP
w FE23 ks ThPulvermuller et al., 1999). L
2u EEGMMRI B4 S4& ol&ato], A&

- 405 -



o] WA ~EE FAoA BAEE N400 T3

0 A% AFeE Ao
(anterior cingulate gyrus) §-$]7} 1 ZHA|Z B
115 © ™ (Hanslmayr et al. 2008), ©]+& A}=-4t
$ ngolahe el BHAN W 3
Sof Aol u, o[ Azen AL ¢
A& EAl|(cognitive contro) I AN A YENS =
Ao E | AM3ta JrhXiao et al, 2010). ¥ 4
@ Asbolx] ekt N0 70¢] 2EE m3}
o & 8 E G Aol A= e WA
o g JeAg &I A7
o] 7t ¥e YPYPE AEESIE T oA
A7le 49 S84 ZIRIA, ofyH, Ao
19k Ql A FAl 2}

il

o —
+5 94

/‘]'%% 16 channel EEG AA 2= H33 &%
SRIEEER LI SEPL SRR
3k 7] W&o, A&t EEG source localization
o] ojgth o] 1UE EEGE ZHHE A%
o3kl FAHE A5l
Bol Melldgx gl wolz #Ei} zzhe]
SARPEol| B dF

o
=
R S

E AIR=

=

229 ohee 22

¥ 91X]|(Grounded Cognition)°] &= T3 ol
A o ofsf o] AN ZIZA Aol 7]

kS £ B4 <o) REC E¢Aol Ak
Zgo2ut o]Fojzle Aol oy}, dolE
53l xdE 2% FEE FHE B
BARSHE P o o] Folite F2 v
o= o] 257 P9 o] AHEAHE AS
staal atgith. A7 27, P9 A7t &
79 % FAE FPsh=r Slo] iAok
she  F-#kirelevant) A=l ® B Sk,
9] AA 9] oJu] 9} ukg- P ol A
o uwel X T2 MEYE AFHoR
dozjon, 1 FWF & FA F9oA]

FefuletAl AREAT. =g Fem|d A=
A" 2o wlsl, B9l AA7E AA
M & I F-9e] Hurh Wk
wEs w2 AT ddE T
olel7} fHt-E HHZHEE
FE V135S v R o]FolA
& o] F01#]
7IRko 2

wo i lo

o

fe e e

S XAt FAE A8 & 4 9 ChFischer
& Zwaan, 2008). 12} B ATo|A B
a3se] £% 92 ¥9l See A,
Te ATME B GE QA &
AAE MT ARG 23 WD, DA
s

~EF H7 247 99 A2 g

=4 58 vwshe WA vae 49 4
A7/l Bag Aoz A,
FaEH

Aziz-Zadeh L, Iacoboni M, Zaidel E, Wilson S, &

- 406 -



el - JEY - 0|5 / USAR(0| D[X= HOAR=RS| ZHY St ARARANS?] AT

Mazziotta ] (2004). Left hemisphere motor

facilitation in response to manual action
sounds. Eur. J. Newrosci, 19(9), 2609-12.

Aziz-Zadeh, L., & Damasio, A. (2008). Embodied
semantics for actions: Findings from functional
brain imaging. Journal of Physiology-Paris, 102
(1-3), 35-39.

Baber H. A, & Kutas M (2007). Interplay
between computational models and cognitive
electrophysiology in visual word recognition.
Brain Research Reviews, 53(1), 98-123.

Barsalou, L. W. (2008). Grounded cognition. Anna.
Rev. Psychol. 59, 617-645.

Barsalou, L. W. (2009). Simulation, situated
conceptualization, and prediction. Philos. Trans.
R. Soc. Lond., B, Biol. Sci. 364, 1281-1289.

Borghi, A. M., and Scorolli, C. (2009). Language
comprehension and hand motion simulation.
Hum. Mov. Sci. 28, 12-27.

Boulenger V, Roy AC, Paulignan Y, Deprez V, &
Jeannerod M, Nazir TA. (2006). Cross-talk
between language processes and overt motor
behavior in the first 200 ms of processing. J
Cogn Nenrosci, 18(10), 1607-1615.

Buccino G, Riggio L, Melli G, Binkofski F,
Gallese V, & Rizzolatti G (2005). Listening to
action related sentences modulates the activity
of the motor system: a combined TMS and
behavioral study. Cogn. Brain Res, 24, 355
-363.

Duncan-Johnson, C. C., & Kopell, B. S. (1981).
The Stroop effect: Brain potentials localize the

source of interference. Science, 214, 938- 940.

Fischer, M., and Zwaan, R. (2008). Embodied
language: a review of the role of the motor
system in language comprehension. Q. J. Exp.
Psychol. 61, 825-850.

Gallese, V., & Lakoff, G. (2005). The brain’s
concepts: The role of the sensory-motor

system in conceptual knowledge.  Cognitive
Neuropsychology, 22, 455-479.
Glenberg M, & Michael P. Kaschak (2002).

Grounding language in action. Psychonomic
Bulletin & Review, 9(3), 558-565.
Pastotter, B., Bauml, K. H,

Gruber, S., Wimber, M., & Klimesch, W.

Hanslmayr, S,

(2008). The electrophysiological dynamics of
interference during the Stroop task. Journal of
Cognitive Neuroscience, 20, 215-225

Hauk O, Johnsrude I, & Pulvermuller F (2004).
Somatotopic Representation of Action Words
in Human Motor and Premotor Cortex.
Newron, 41, 301-307.

Hauk O, Keil A, Elbert T, & Muller M.M.
(2002). Comparison of data transformation
procedures to enhance topographical accuracy
in time-series analysis of the human EEG. J.
Neurosci. Methods, 113(2), 111-122.

Hauk O, Shtyrov Y, & Pulvermuller F (2008).
The time course of action and action-word
comprehension in the human brain as revealed
by neurophysiology. J. Physiol. Paris, 102(1-3),
50-58.

Ilan, A. B., & Polich, J. (1999). P300 and

response time from a manual Stroop task.

Clinical Neurophysiology, 110, 367-373.

- 407 -



Kutas M, & Hillyard SA (1980). Event-related
brain potentials to semantically inapprotiate
and surprisingly large words.
11(2), 99-116.

Kutas M, & Hillyard SA (1984). Brain potentials

Biol  Psychol,

during reading reflect word expectancy and
semantic association. Neature, 307, 161-163.

M., Woldotff, M. G, R, &
Mayberg, H. S. (2000). An ERP study of the

Liotti, Perez,

temporal course of the Stroop color-word

interference effect.  Newrgpsychologia, 38, 701
-711.

MacLeod, C. M. (1991). Half a century on the
Stroop  effect:  An  integrative  review.

Psychological Bulletin, 109, 163-203.
Markela-Lerenc, J., Ille, N., Kaiser, S., Fiedler, P.,
Mundt, C, & Weisbrod, M. (2004).
Prefrontal-cingulate activation during executive
control: Which comes first Cognitive. Brain
Research, 18, 278-287.
Pulvermiiller F, Hirle M, & Hummel F (2001).
talking?

Walking  or Behavioral ~ and

neurophysiological ~correlates of action verb
processing. Brain Lang, 78(2), 143-168.

Rebai, M., Bernard, C., & Lannou, J. (1997). The
Stroop’s test evokes a negative brain potential,
the N400. International Journal of Neuroscience,
91, 85-94.

Rizzolatti G, Fadiga L, Gallese V, & Fogassi L
(1996). Premotor cortex and the recognition
of motor actions. Brain Res. Cogn. Brain Res,
3(2), 131-141.

Rizzolatti, G.,

and Craighero, L. (2004). The

mirror neuron system. Awmu. Rev. Neurosci. 27,
169-192.

Rosenfeld, J. P., & Skogsberg, K. R. (2000).
P300-based Stroop study with low probability
and target Stroop oddballs: The evidence still
favors the response selection  hypothesis.
International Journal of Psychophysiology, 60, 240
-250.

Sato, M., Mengarelli, M., Riggio, L., Gallese, V.,

(2008).  Task

and Buccino, G. related

modulation of the motor system during
language processing. Brain Lang. 105, 83-90.

Stroop, J. R. (1935). Studies of interference in
serial verbal reactions. Journal of Experimental
Psychology, 18, 643-662.

Tettamanti M, Buccino G, Saccuman MC, Gallese
V, Danna M, Scifo P, Fazio F, Rizzolatti G,
Cappa SF, & Perani D. (2005). Listening to
action-related sentences activates fronto-parietal
motor circuits. J Cogn  Neuroscz, 17(2), 273
-281.

Xiao, X., Zhang, Q., Jia, L, Zhang, Y., & Luo,
J. (2010). Temporal course of cognitive
control in a picture-word interference task.
Neuroreport, 21(2), 104.

Zwaan RA, & Taylor LJ (20006). Seeing, acting,
understanding: motor resonance in language
comprehension. J Exp Psychol Gen, 135(1), 1-

11.

1 X 1-S4 - 2011, 8. 18
AL RHSE - 2011, 8. 29
HEAMNZA 2011 9. 4

- 408 -



Al elgs] A A A=
The Korean Journal of Cognitive and Biological Psychology
2011, Vol. 23, No. 3, 393-409

Interference Effect of Language Stimuli on Response Action:
An ERP study

Changlin Li MyungYung Jeong Donghoon Lee

Department of Cogno-Mechatronics Engineering, Pusan National University

The purpose of the present study was to investigate the influence of motor simulation during understanding
of action phrases on the actual motor execution using behavior response measures and electroencephalogram
(EEG). Subjects were trained to produce one of two action responses depending on the color of a cue
stimulus(yellow - pressing a button, blue-stepping on a pedal). In the main experiment, the stimuli
directing each action response were embedded in the action phrases, “press a button” and “step on a
pedal”, or in several meaningless symbols(e.g., &&& &&&), and participants were instructed to disregard
the semantic meaning of the stimuli and instead to respond according to their color. Experimental
conditions consisted of congruent, incongruent, and neutral conditions regarding the correspondence of the
semantic meaning of the stimuli with the action response required by their color. The analysis of behavior
responses showed a typical Stroop effect with facilitation for congruent trials and interference for
incongruent trials in comparison to neutral trials. For analysis of EEG data, event-related potentials(ERPs)
were computed for a time window of-100 to 800ms relative to the presentation time of the stimuli. The
ERP results showed that the action phrase decreased positivity during the time window 150 -250ms and
increased negativity from 450 - 550ms. Interference between the congruent condition and the incongruent
condition were observed in the time window of 450-550ms. Our results indicate that motor simulation
during action understanding occurs very rapidly and automatically, and then evokes facilitation and
interference later according to its correspondence to the following action execution. Therefore, our results
support the Embodied Cognition theories which claim that language understanding is based on the

simulation of sensory-motor information, and dynamically interacts with current sensory-motor behavior.

Key words : motor cortex, EEG, ERP, Stroop effect, Embodied cognition
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