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AP ST PRI SR IR T L 1957 AR
Ay BB MR . X R BIA R, TR SR A
ST SCE TN H LR G EE, B —A4~
AR ASF” (Chomsky, 1957), X J&ET-MHITIE A= fliiE
FEEI R S 2 — o H R IN TAR  A) n
TR ST P O DR F 2R R . AR E RS
Y R SR N A SRR B, A O “m)id
SEME B ARG AR ) R << SO i Tk 7 M B A
M AFAE — S [n] 8,

e, RZHFER] T A T s e SRR,
AR T a) 0 T 5 Rk A 2 BRI - 8 — 38
SR G, FERIE LIFG FEA)yim Tad fe b 56
@ VF ] (Caramazza & Zurif, 1976; Berndt &
Caramazza, 1981). 5845 R0 R, Ajvkimn T —fik
BB N K A2 &5 H 8] (Dapretto & Bookheimer, 1999;
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Luke, Liu, Wai, Wan, & Tan, 2002; Ben-Shachar,
Palti, & Grodzinsky, 2004; Wang et al., 2008), K fi
& M) % R 9l (Just, Carpenter, Keller, Eddy, &
Thulborn, 1996; Caplan, Alpert, & Waters, 1998; Inui
1998; Keller, & Just, 2001;
Ben-Shachar et al., 2004; Grodzinsky & Friederici,
2006; Grodzinsky & Santi 2008 ; Wang et al., 2008)
AR R A s AT T (Just et al, 1996; Keller
et al.,, 2001; Friederici, Ruschemeyer, Hahne, &
Fiebach, 2003; Ben-Shachar et al., 2004; Humphries,
Binder, Medler, & Liebenthal, 2006; Rogalsky &
Hickok, 2008). i&A W5 $E H T Ak hn Tl 7 4 A
LR M IX A BEAE, 10, Boland(1997) %t & 1# 1Y #F
FEINR AL NN T8 A B0, WS 4 AR S i A)
PO T AR R B M A BB ST B AR R
it 2 A 85 TR TR (LIFG) 08 3800 1 Sk /8 26 Jn T b
7% (Friederici, Meyer, & Cramon, 2000; Hargoot,

et al., Carpenter,
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2003; Grodzinsky et al., 2006), Grodzinsky %% A
(2008) B 7%t 3 BH AR A7 BN T2 X} Broca X 7E
HE PR b PR A Y Bt R, a1 A AR
BL, AR 103X — DXl 32 22 5 ) BB AL 1 AR
Ko SR ERWFSEAFAE 0PI 02, WA Z IS
WA 3 0 YRR 1 3K 2 g RN B A
TR I X AFAEAR 2 & (Depretto et al., 1999;
Kang, Constable, Gore, & Avrutin, 1999; Vigliocco,
2000; Luke et al., 2002; Newman, Pancheva, Ozawa,
Neville, & Ullman, 2001; Friederici et al., 2003;
Hargoort, 2005), K b/mjikal~y in TALH] 52 3] T i 8¢
(Kuperberg et al, 2003; Willems & Hagoort, 2009),

DU —F ISR E S, AE AR
SMEIES R TR bRIC, PRIDUE RO A ED R
FRIE T WA I T ST Ve B e LA T B AR AE
255, AH R B X DO B A oY 45 R R R — 3K
(Zhang & Mo, 2006; Ye, Luo, Friederici, & Zhou,
2006; Wang et al., 2008; Sun & Liu, 2005; Luke et al.,
2002; Zhang, Liu, Shu, & Sun, 2003),

XEEHFRAFAER e R W], 2l ad bRl ED
Wi 2R 0 5 O W5 X0 G A8 I O AR W ) 12
T S e 2 A ELAT X R A 2 ML I A AV 2
(), T IX LAY S A R DU ) i Tk ST
PLHIAIBIESE, R B X T ol S e i L BN 25
RIS, Z2EEETD TR E BRI
AR ENIRTE RIETR S, X THARESZ2AE 5 i)
RIS IC AN, 1 2 RE PR PR A% Oy T i BF
FENEE A

FR, JLF P 58 Ak i SE B AR T IR R
FIWTX —18 T PR SR A S AT 55, X — &R AT
e SRR A AN TR BE N SE IR 43 B, st
AN BB AU b AR SR A v Sy M N TR O A A 22 TR
SATIEE o X F ARSI 25 R i B R A 2 S 5
155 e RE, 48 REEON T AL I T A B 58 R 2 i
i TE R F AT 5515 1 SEUR A5 SR 1, 91 Qe X i )
F I T HIE S IR A B R 4] 4T 55 (Humphries,
Love, Swinney, & Hickok, 2005; Martin-Loeches,
Nigbur, Casado, Hohlfeld, & Sommer, 2006). 73 iE 1]
4, AL SCERAIWHE 55 0 A)7E 55 (Luke et
al., 2002)Lk & Wang %5 A (2008)ffi FH in] 2 5 4 K 41
TIERFIB ST 55 o X SEAOAAR Z AL T —A> 0l BEAT
TR [R)80: RIAE PCEE 1) ) - e a2 46 A ) 114 ) ok
RAEA I, HIEH e E T Bed e — N iE it
9] PRI T e v SR AT 55 AN BEAR 4 i1 42 11 7

VBTN T BT SO T  RE

P A3k i Tk <7 MR RO AR 9T 4E R TR S AR IR
TR W25 T 30— FR 91 JC T A e Ay 1) f 7= A 3l
AEIE AR R i 2 R BOE ks, TESEE
SR G RN AR Ak, AT LU S 08 R R, X R
WA CAS B 1A Ak, AR MES i 4 G — A8
w UHEDUE, AGEAIEEAEk, Ak
TR DUESZ 5EDRGE XS N I S48, Xk
S BO DU AT 43 BT 10 BIF 5% 00 20 B A 1 A L 1Y
T HEAT, SR OB A, B FEHERR I 152 ] W
R T8 SO 1) P AR B 4 T 158 ) T X g 9 i Tk
SEMER S 7 B A 5 9 AR T TG T A e A
[, AE A DR AR DA T 3 A [ T4
WA BB AS B 1 e, S A i SO — R ER
TIN5 8 R I SO TR i i T
MR R BE, DT AR AT ATk 0 Tk ST R 2R 0 B
WEYE .

R TR 1 3 PR A ] T K 1 AR A )
T ST MR 2T SE SR — H Y, RATERE T OUE
P fif Sh S5 A ASCR SEBRTERL, DU AR IR A AR 4
AR IE R AN AT 55 30E— 25 T A s in T B AL 1
DUE R ESh S5 M R EZ bR R s — N H A5
Sy Blin],  p A Sl Ak R AR B S TR LG FR A AT
FRAAAE ] o ASBIF 5 v B A8 By ) st A B (4% Bl 1)
e SRR B A, AR AR A AN B il 4% 5
i), (ER T EA M 1 . ARDUEF R E A,
DU I B A A 12 2 il 4% 2l i), an SR A 4% Bl i) J2& —
ASSLSAEAE IR, EARIC R S A, i an SR
&g —AFIE, R A, & EM%D)
T s A R, AERS SRl RS B A% il 47 B S5
ZEEA, AR T TIE AR RS A

(1) MBAA i G BT o).

) WAPESDT  (FK )o
T A 4% Bl SE bR b iR 4% 3017 (Hale & Keyser,
1993; Huang, 1997). ffif&shin 2L, 1EH )iA
HERN S22 85E, AN TH%#& A (He & Wang,
2002), KPS TR R B R AL 0 B — 3
) BICERR i v] LR B0 O shia RS 67, T
di RS O EDUE A, B R AR
W 42 gy inl i i i T AR AL R A,
I, XN — R P ARSI R R,
T 6 S B FH v 3k R A /) 1 2R 58 1 1 L 25 02
HAR ), L, XA T Z A A AT LR
W S5 (E 1 SRR R AN A A A s 4 S o AR 1 25
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X AL D A5 DU ) R TR N TR A S P E A T
RGP HIBA

1 BB BB MBS 5N, 8 T REREA R
Oy B SRR AL I TR AR, BATAIE T
T SCAFH AR Z AR R Ak S 0 &R, Tl i il
Bl A FI RS A PR A TR A — BorE ok
il 45 AT SO R, B SRR R AR A5 s B
B AR 23 ) B3, DA TR DRIl /0 326 o T Sz A
ML

2 fMRI 5%

2.1 LMK

SEEG ARG W R, MR 1 R A Eeefdi
(4], FRZ AR )7, <05 | 5 T Y
FEGHRBAL, MR 2 A G, R
B AR B A) 7, AN AEAE S B [ RS A Y A
PFo AR 2 Hr i A) 70T RL M RE 1 i) A
FE N, BIAS A& 4] i VR4S hin) % 20 = (6 4% shinl {7 B 5
ZEEA A R . B DGE A sh A1 G R 4

AbJe, R LAAR G B4 ] T SCPR 30 R ik A S Y R

X PR A B SCRT LA AR AR $e, 7 HEEAS B2
SO IR A TR . i

11 &2
T AR 2 FE R THERT B
3 TAZAE 5 & b7 I P TAE5
FAAE AT AR FMFET A

SER AR PR R, Gl R A, e 7R
FEARRL A R RS 100 £y, WiEl 87 o SEEGAL
B G A2, R 75%8% A X 2641
TR — B A IRATR I 25 A, ST 75%
DL Bl R w Y, 2 25 50 R w44+
W7 LAHERR -

S P A0 AL WA B R A B A 4% 16
m, [ R TR AT BRI A R ) R TR,
) HBENLIE A 6 A FE IR A1 I ), X kel
A 38 N TFAERRIB L . S5 R A A DG 15
T, B RN RS T R S S B,
W, JEE BT %7500ms, BHEE R ERK TR
Ve u A Al 2 3 E o 500ms, B ST kB R
T SN o ] - 2 8] 14 1] B sk 1] 38 1) e HL oA
€, FXEIFRETE A 12s, SCE0AF R B0 A% s 1E] &
BEAERSY 500ms. SCH A RLER LGB, BT Y
B4 Psychology Software Tools 7y &) #& kY
E-Prime (Version 1.0),

22 #HMAKRES

ARSI ILPRPE 19 44 LADUE I BEE B 1E 5 AAE
HWAR, FRAE 20~26 % Z ], SCALHR BEAR AL Ry
PLE, w885 R T BT
KRR 2B s, A ES 5T .

SEETEURTT, 3 R R A T A A S PR AR
Ik, DRUERE N2 Sl FH 2 B o R Ny e . TR
IR, A Rt — R 27 ] B B s B A
)T Z 5 PO IER RS IR SN o BR T IR R AT
55 Z A1, BAT B I DD BE AR AT 5T JL-T- 804 56 T 00
AT S B HABAE 553 E AT (S IR, SEiE ARG
WESE 32 A T 1E 0 B 152 ) B AT 55 B ) 0 5
s St AT 55, HRDUR B2 R ERIEEZ A,
PR e AR A 5 1 A S S BOR) v i I SR T
HHEATAAER . 5 BB AR A 2R ) 1 rp
MY BNTER AT, PR IR R AR S0 AT 5502, #alAE
56 5 PR e b S i) i, VR T £ ) W
i eI e St 1 e el U SRl TR VAN W VA -
FRr N FRHT I AT T S, R AR R A i,
PR AE R B b A E R G R B T 2L
REseza, i FE R0 & i HIWr, BT
SN T ATy, A AR R A% T A
2.3 W EIEREIELE

BAGHLER I FEE GE ARA 1Y EXITE 3.0T
HREIEARAL, $45A 8 il brifEkiR4 B A1 EPI 41
5 o SRR FH BB ARk SR L
By, JF IR E) s E BT M B 507
B SRR BRI e SR BR—%
IR KCEREVIE 9 T1 258918, P4 EP1 UiRE
1%, BJaE=4en T1 85815 . KSR H
PR [ i€ 1713 (Fast Spin Echo)/ ¥ 8 #EA7 413, FHL
22 JERHPKEAL EIR, BAARA#SE0E TE=24ms
TR=1900ms .)ZJE=5mm . [f] ff=0mm .FOV=240mm
Matrix=320x192; ZIREIRRHIZET BOLD i EPI i
BIFFN AT, KB 22 2R KA ThRERR, B
RIS 2 TE=30ms . TR=2000ms , JZ/E=5mm
[ fE=0mm . FOV=240mm. Matrix=64x64; =44k
R 4% R FH P AH 6 B2 9130 (Spoiled  Grass) i 15 7 51 it
44, BRI ENR, BIARHA#SE0E TE=
/N, TR=30ms. JZJE=1mm. [{fF=0 mm. FOV=
260mm, Matrix=256%x256,

S0 R AL AP SR FHAE T Linux $f5F £1 9
AFNI (Analysis of Functional Neurolmage) (Cox &
Hyde, 1997)FG . S 1 il T4 25 55 DL AL
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A B S I R A iR 2= AN E— 2 gE o b, FRAT
BB LA R A T T B, BRI ()
SR IEFERBIBCHE . i AFNI 8 r th e i 2%
bR, SRIEH =4ER 5B HE. Q)= sl
% F Talairach-Tournoux 44 #5(Talairach & Tournoux,
1988 A~ ik R i 9 R/ N AT S R . HLAK
A, AR el 5 A5, T 38 A K
AR/ X 5 A s s KENATEC G 2k (AC superior
edge). BG4 (AC posterior margin) ., JGEEA T
2k (PC inferior edge). FHIEN Z AARAIPIAS 2R
Mi(mid-sag point). (3)%5 [A]°F- 18 A [0 . X4k
P T Be R AT = WP, A f S8 (FWHM) Y
KUNEFE 50 (A BN . X R IEL i
1728k o TEFUAL I AR 58 S AT S50, DAAE
ST SEOHGE K o i T TR S A e BT
PR] IH At 10 ) S 50 40) ] APk 8 i R A T HERR, A
AR I BRI A ik, 153 8AME 51 b
M [ PRESCERE, ol FH 8 500 s A S S 0 U 5 4K Y
A, A AR A RO SR 1 A 2 AT
FIEER, NMIEHETEA) fERERBRZ G, Mg
L0 A ot e 7 PR B (IRF)#EA T3, 159 2] i gk —
AR ]S A5, XA 2] S X D R i i
FIbRAEALAL B, T T7 22 530 B (ANOVA) I J7 125, %o
AN TR 55 11 387 oo ot o 57 e BRCHEA TR 460, K 45 R )
R ShnifEfk 3D BB NI RAR /R TE = 4EG 25
PG A R 3 (Voxe) . &, )i LA p<0.001(F%
iE p H/NF 0.05), KT 6 MMRZRE MG IX .
2.4 KHER

SEEAS IR R, WAk S A X L B v A B A Y
b S P S P s S A 1] R S 10 N 1 DO 1 e Gl N

Kl 1-B), BR T R0 ] A] e 5 18 SO A ¢ Z 4b
(Bottini et al., 1994; Vandenberghe, Nobre, & Price,
2002; Li, Jin, & Tan, 2004; Humphries et al., 2005),
HC A IR DX I TR ) 2 ) 1 RN SO T 2 ]
Y FR I DA R o T B A Bl )0 L S A 5l )
WOE G XA . 22 [, Ao s e, Ae
Bml, ZE R T, RN e, ZeBeaiet, Al Js T
L S S S G S R C Y S SR SR I (S
1-A). HP A ik ekt Bk s g b S vl
S AJEOE I R, R e T O TS L, B

1.6x10°¢ 1.0x1073
[

1 (@ 0.001,  p<0.05)
LA >

F1 BMHEFHAATLERMEES A BEE X R ESFHE R BABrodmann Area)f& X . MR X & X
%5E 5 89 T-T(Talairach-Tournoux) 2 #R43L & LA K 3 57 B4 t &

Tk T g X R BE L T-T A dR t 4
ZEMAR T B BA47 —46,14,2 5.689

Zefu g | BA9/44 -41,19,35 4.736

ZEM%R L B BA10 -31,56,17 5.116

) ZEMJE T BA7 -30, -59,57 5.080
ﬁﬁ'ﬁfis”jj/’ﬂ ZE MR BAT _4,-7238 6.850
S (5 ) ZEM T Wi BA2 -50, -30,39 3.907
F A ETEL BAT 5,-77,49 5.101

A i al BA19 32, 58,12 5.677

A BA13 37,199 3.660

) jE Wink BA7 11, —67,44 4.799

M)A AIFIHT BA32/10 6,41, -3 4.764
VS A5 3 ol BA38 40,20, —22 4.158
Fech: fiff 341 A o Yo gy 5] BAG6 40, —14,60 4.804




24 IS A5 DS AN T S BE PR R AR ISR Hh SCRTE N Ak ST R 127

Lr Zefupging iS40 R

1 2 3 4 5 6 7 8

(HI(TR),
2
Ir e T R A
R e Gk
S ost —m
z
= ol
Y
ojp
1T -05)
_ 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8
I E](TR),
3

fizhm R T Rz (B 1-A, R, #itS
EHINTZE MY R ER AN P A IE
HIEARISIE, e ANH K 2. B 3 2R
AT 55 1 R 22 A5 38 s A £ 5 A8 R, AT LR
R 22 BR AT I 4 R ] R [ S A XA A Bl
IR 45 S AR AL R 5 T ARl sl A, S
TESE T8 R R O A 3 A T e A
il sl fin TR B R AR H

3 iRt Sie

I ER BRE 55 5 R iR Y i B BE AR B 50
AN I X A R AR TR AR A — BN S5 R, AR
KB BAEB LR T AE I T b A
T 43 (Humphries et al., 2006; Rogalsk et al., 2008),
XL 25 B MR A B3 10 PRIE T A WF 58 B X ) vk
PRI VAR ¥ CEZY VI F0 B - S T e e e a1
B R ERARAR S 2, (HR Bk = X 2185, JuH R
Z X ENRRIE B SR FR Z AME T ) 3R I E 5T 2 Hod
e HE RN 2 — o AR B AR A HDOE X
Fh TG 2 T PR IC T 5 /) e B YRR
WG DRI Tl ST M A 2 pL ], BAREHE =
AT, B SR E R AEAS R AR AR 2
B F9 i XA e 220, Hooe, ASRTE R Z 6] 1Y 22 57

A W T AR I TR S R, DURRNE N
TEEA BAT S, AN Tk ST AR B 22 B
J52 I A R P AR A i X

fMRI S 25 SRR, SR(E TR SCC AR 1 W fd
B/ AR el 2l /) — 2 i T AL AN ] 5G]
AN, BFFEE A B ZE A o 4 4 OCEE 1
H, ZEMi%:i [l (BA44) (Dapretto et al., 1999; Luke
et al., 2002) A1 %5 F [B1(BA47) (Just et al., 1996;
Caplan et al., 1998; Inui et al., 1998; Keller et al.,
2001; Grodzinsky et al., 2006)2 /]y 1 T ) 5 58 fin
Do TEARWISE, FRATME T A AN 1 2l ) £
RWEFETERL, TR F A A B Ok, Bkl 5l )
i = POE X — AR R SR, SR A R
AL Bl & SR A e AR R AR AL Y B R
By i) 5 A e AR S iRl B AL 5 I AT o 48 40 B
IO A A Tl R, BB AR, B
PEfE S R 22 T B AL IR A ik ad #e, DR nl LR
B Rt A 2y /] A g 2 i 1 e S 2 ) T B
BSYH ., MRS RERY], KK Z AT E
Hh el LKz ] 0F g 1 A 2l g e L S Al S )
A R E AR, K, Kb R R
SR B A0 G IR RS Shia) AT o5 P8 %0 SRl 47 1Y
APEE N Tk AR AT LLGE SO a3 25 ok, 1y HAE
LAY A B 5 AE — S iF 5% TAEh CRIESE A
ZEMA R [0 392 5 (Ben-Shachar et al., 2004), iX
Pl R AL G O R A B Bk — 20 SR T
) B ST N AL A B o SR T T A D]
ZH IE R W S5 A A5 R T hy /) I T b A5
1 XN T.(Luke et al., 2002), {HRZARMILER BIR,
TEE L2 A0, m)iE I TRG SR [l | e [a] 45 i IX.
W25, XU, BARRNTERE AR HAH
s F AL, A R AT S AN RE R
PR VE N T A, H R A v o A O m) DL gl s
WL F Y, AR ) SR A 52 56 45 R vh IR e R (]
S B, A mT U /] 1 8 o SO T
Bk, X R B A) k0 AT LAAE Sy — Bl <7 Y
I TALSIAEAE, T A] BEAS 32 5 B 2 B i
PRI 2R 1 52 i

UL AERR DU AE T TR 45 R 3R, DR RAR
A 5 ENRCER XTI BB S84k, (HIRAFTE R A kA
FH T REPETEWE, 22 ia) gl H b L B i B D g
PEYUWE Z —, Jeifrh iR ahin SeA b AMEIR S
B, i X W LR —, JEA b H SRR <
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X (Hale et al., 1993) B iE 1 HA Sl H A )
I RE NI S XA — B9 ia n] LE AR UL, LAHE
SRR A 41035 56 & (Huang, 1997), X Rl LA 4T
b, AT LR AS] 03] 22 18] 69 1 X 28 S il e e/
TN, P shinl A [ i a7 b S By S e 22
SRl RERLE AVE Z B 22 5, TETR S 5 BRI RR
A BARIEE S OCR, AUREE RWA J13CHF
TiX—3Hie,

SEYG ARG SR, AE N T AN W] B8 A v ]
(Dapretto et al., 1999; Luke et al., 2002)%# 37 5¢ i,
i N EIR S R b7 | I DR 1 o TR R b2 |
T FEAE A B W5 b Bl S 50 AT 55 rh B I 1
SCHIWHT 55 B o, PRI BE 233 mg 1 At R [mI7E
T S35 b LU AR A EAT: 55 v i s ZU RO IR R o 173
TR W], OHE F A0 K B LA X
INTTRT LUE AR B, fels A1) =40 O B A 0 U
AIBFZE WIER 73X — W 5 (Yang, Liang, Gu, Weng,
& Feng, 2002; Ye et al., 2006; Ye, Zhan, & Zhou,
2007; Ye, & Zhou, 2008), MWIA WHITERTE, K%
S, Tie e W nd i 2 A 58 R H AR ) S 1B R
VE R SEIAT 55, T LB A WA B (0 1 SO R T4
X U TC 15 B A RO HERR, © A AIBFSE (Just
et al., 1996; Luke et al., 2002; Ye et al., 2006)%%5 F- 4K
ANBEHEBRTE X)L B 52 o AR 525 e 18 AR |
TR e AT LR RSB TR/, TR A
ISR, 2 R 2 At i [l A 3 e ) X8 L
A G ZE A5 v [ B a8 2 S, DRI AT LA
TR ] R 2 5 R R A AT R A R T
W e ] 2 5 i By W] REME, AEARRIESE sk A A
EIN T EEERIUN LR AL, X5 O A U ER
AH—%(Ben-Shachar et al., 2004; Grodzinsky et al.,
2006). {H A REHRER A AN 2 5 A N
T, AAReArt g R E, EEDL R RS S T )
PO, HUR&AA T, 0k ) g —
A HIBESE o T X (EAEE SE ) Wernicke [X)Z: 5 4]
0 T 3 Sk g v B A A B — A B
(Friederici et al., 2003; Humphries et al., 2006;
Rogalsk et al., 2008). {HJ& A S8 45 R AR W], Hrt1E
AR AL R IR R E AR, ZEABESE T ZE M
3T R A B 2 T, X AR R S
BARKRI T #2557, HRAETE A Wr
SESLIAT S T, IS BEHERR R AT 55 A B 1 Al
) 2 MR i DX 0330, PR R st 2 5 1 ) i
TR T AR A AR BE o

ARSI, FRAT RS AR E] T AS LEESREE
SMHZER T, B A AR R e
PP S T AR B, R0k e T A R G T A n T
AEE UM TR —AFAnd A&, i HAg il 7 vk
HE DA LR S i SO AT 38 LHEAT ) — S IA A
I . Luke 25 A (2002) X505 A)32 0 T 2 A 1%
FFREE RN, DOBEAE I T2 SO T —1F
PEIE R, X PR A N DUE A N T i R 5
W18 O T, ARG M YE, OREEME SUm
THArE . EH MR EN, DORAEANE L
E)AH B2 R, A AR T8 SChn T, 38 SO 5%
M /6] 355 00 T, {HL 2 AN BB AR U 18 /) 32 8 A 2 S
T AL o A S5 v S 7 8 R 2 00 45 i X A &
A XA 25 55, AR IR AR [l | e [l 45 i X
Z SRR, FHEE XK N ARIE W AT
Z IR Tl A — 25 S e, X SR, R
T L HERZA, A H A R T )
T, PRl & A 2 0% 1) SCHREE X 47 7 0 o RN i
T2 2 AR R gE, Bk, FRATA LB B
TG L2, X 22 5 5000k AR OGP K R
XA B BE AT AT B, R4 A 3k i T A s
W T DAAS DIIERA o 36T k434, o] LAiAgm
T IRk 37 PR B 1 ST AN U ) MR S A T )
Y

4 4hif

ABIFFERN DU i SO T35 (8 kAT 22 5
(9 P ZH R 1 I TR FESE SR, 4B R ANl AMETE 25
PRI I AR R BB DR Ak i oA Ho s 3
T UL ESCsZ5e e, AT LU DU Y A 32 T
A AR R 43 15 o W98 45 R S g vk s PR i T
AR, RIS R DU A i I T A T BE e 4 h R Ml
Ze A R TSR R AH, R e A T e A i
XA AT RES 5 v, R AT X 2 5 D0 )
N TR AR, FEARSCE A A SR .

e A AR, FRATTIT UL Y Rk N TR g Sy
P>, o 1R B A B0 AL R AT LA o
HAEK N A R BEA7AE T F T4 3 i T A I
X, JEARULTE & A T EEAE R LS. 52
Pr b, IEH ANBTE SN T2 2 Rk S e b R n T
A AR, Ak AN BE B TE S TR T
TE F ARG TE RIS AT I T, BT & A
TEH BN TSEPR . RISl AR, X T D0E R
5 B9 5 2 BE AR S B T S AT A 1 R fE ] i 2
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An fMRI Study of Chinese Causative Sentences:
the Syntactic Independence of Chinese
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Abstract

The brain processing models of syntactic and semantics are important issues in the cognitive neurosciences.
In 1957, Noam Chomsky put forward the framework of Syntax Independence. Even today, the hypothesis of
Syntax Independence is one of the central topics of linguistics. However, this important language hypothesis has
not been well studied by neuroscience researchers. Boland (1997), Grodzinsky et al. (2008) and other
researchers showed evidence of syntactic independence, and even proposed specific brain regions involved in
independent syntactic processing. However, these studies have been challenged by some other researchers
(e.g.,Willems & Hagoort 2009). In fact, there are many morphological and syntactic markers in English and
other Indo-European languages, and the syntactic variations in these languages can be embodied by
morphological changes. In contrast, a language like Chinese does not have clear correspondent morphological
changes like the Indo-European languages do. Consequently, if in the current experiment we can get at the
neural processing of a morphologically impoverished languages like Chinese, we can find more conclusive
evidence for the hypothesis of Syntax Independence in the brain.

The materials in this study are two types of Chinese Causative Sentences with an equivalent meaning. For
example, (1) Shichang Shi Jingji Fanrong (DCS);(2) Shichang Fanrong Le Jingji (RCS). These two sentences
have the same meaning “The market made the economy prosperous” in Chinese. The sentence (1) is termed
Dominant Causative Sentences (DCS) and the (2) is termed Recessive Causative Sentences (RCS).

The fMRI acquisistion was done on a GE 3.0T machine with an event-related design. The participants were
19 healthy, right-handed, native Chinese speakers, 10 males and 9 females, with ages ranging from 20 to 26
years. The experimental data was analyzed with the AFNI software package. Images were spatial normalized to
the Talairach and Tournoux brain atlas and smoothed with a FWHM=5mm kernel and eliminate the linear drift.
The average impulse response function of the different conditions were obtained in an ANOVA analysis.

The results showed that the left inferior frontal gyrus, the left middle frontal gyrus, and some other gyus in
the left and right hemisphere were activated in the processing of Chinese Causative sentences. Further analysis
showed that the left frontal lobe plays an important role in Chinese syntactic processing. The left inferior frontal
lobe areas BA44 and BA47 are more sensitive to the Chinese syntactic processing when comparing the brain
activations of DCS and RCS with a corrected p value 0.05. These results indicate that Chinese syntactic
processing without morphological changes can be separated from semantics. The processing of syntactic
independence is more closely related with the left inferior frontal gyrus than the left middle frontal gyrus, and

the temporal lobe is not found in Chinese syntactic independence processing.

Key words Mandarin Chinese; syntactic; left frontal brain area; functional magnetic resonance imaging



