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Luke, Liu, Wai, Wan, & Tan, 2002; Ben-Shachar,
Palti, & Grodzinsky, 2004; Wang et al., 2008) . K Jiix
Zc ) % F 9] (Just, Carpenter, Keller, Eddy, &
Thulborn, 1996; Caplan, Alpert, & Waters, 1998; Inui
et a., 1998; Keller, Carpenter, & Just, 2001,
Ben-Shachar et al., 2004; Grodzinsky & Friederici,
2006; Grodzinsky & Santi 2008 ; Wang et al., 2008)
DA R R i 2t e F R T (Just et al, 1996; Keller
et al., 2001; Friederici, Ruschemeyer, Hahne, &
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Hili 7 50 T B (LITFG) B8 800 A 40 36 i T bk
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2003; Grodzinsky et al., 2006). Grodzinsky % A
(2008) it 5E LR I ARSI T 2% Broca X E
T PR b PR AR A S bR, R T A
Bl o X — DX Il 32 2 5 ik A AL 9 i A
Koo SRUTA IR FTAFAE PR, AR HIRFFE
WA I IR0 1 3K 2 i DX AN 5 A A A
T R A X A7 AE AR 2 E (Depretto et a ., 1999;
Kang, Constable, Gore, & Avrutin, 1999; Vigliocco,
2000; Luke et a., 2002; Newman, Pancheva, Ozawa,
Neville, & Ullman, 2001; Friederici et al., 2003;
Hargoort, 2005), DA /)7 i TAILH 52 21 1 Bk
(Kuperberg et al, 2003; Willems & Hagoort, 2009) .
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(Zhang & Mo, 2006; Ye, Luo, Friederici, & Zhou,
2006; Wang et al., 2008; Sun & Liu, 2005; Luke et al.,
2002; Zhang, Liu, Shu, & Sun, 2003) .
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R4 N ERET A A 4% T A8, Sz 4% N A, i,
P 7E B B B HE T R IR R B T A L B
MG, il L m s g W, BT
SN T RISy, T AR B R i R Aok
2.3 ZWIHIEREIFELIE

BAEALE ML E GE AR~ EXITE 3.0T
HREIARML, 2eseAa 8 Ml brifk Sk HRLE 1 EPI 4
5 o SEERER T3 45 Sk A Bk Sk P 4 B
OGBS, IR B B AT A ELVE MY e R A
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260mm. Matrix=256%256,,

S0 HSCHE A AR AR BT Linux #7E -5 19
AFNI (Analysis of Functional Neurolmage) (Cox &
Hyde, 1997)3k {162 1 00 B T AN 25 5 DL KL



126 N H

% 4R 43 4%

AR B A5 TR Y R 25 FatE— 2 B et e b, A
TR AR AT A B, AR R (D)
HREFEMR B ECHE : T AFNI EROEEEAT P2 1 25
B, SREH = 4R SR ECHE . (2% MIFRHELL .
% H Talairach-Tournoux 2 45 (Talairach & Tournoux,
1988):H4 A~ B il i 1) IS /N R AT EE R R AR . B
k2, FER M BREE 5 AN, FH T 38 e A K
IR/ 3X 5 e . KIRHTEA 2% (AC superior
edge) . RS T 2k (AC posterior margin), JFEBEE T
2t (PC inferior edge). T HIEN Z ALARAI I H 2K
&i(mid-sag point). (3)% [A] P AT [E] P9 . % 4L
I ) D e ERHAT -, 4 2k 98 (FWHM) Y
K/NERE 5. () BLMEER . XTSRRI
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SR, NMIEEAEN FERERBRZ G, X145
L0 B ot e 157 PR R (| RF) AT 134, 15 31 A Bk —
AR S R S, XS 2 S T e B ot
TThRHEACAL B, i 7 22 53 A (ANOVA) 1 7 i, X
ANTRME 55 B934 s o 1 pREREA A B0, B SR )
RefR Sl 3D BREMIT AR S TE = 4ERN 2,
PR 1 (T R 2 (Voxel )7 B, f )i A p<0.001(#%
iE p {EH/NT 0.05), KT 6 MARZR s i X
24 KEHER

Seu g R R, WS )] e B AR B A Y
PATE AN XA . A Jemg e, AR B, Ena e

Kl 1-B), BR 1 A0 [l a] e 5 1 SO A ¢ Z 4b
(Bottini et al., 1994; Vandenberghe, Nobre, & Price,
2002; Li, Jin, & Tan, 2004; Humphries et al., 2005),
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Ze % R 5] BAO/44 -41,19,35 4.736

ZEZ - Bl BA10 -31,56,17 5.116
ZEM G T BA7 -30, -59,57 5.080
E%'"@\{/%;W ZEMIRTER M BAT —4,-72,38 6.850
1 (i 5 ZEM T T BA2 -50, —30,39 3.907
F L BA7 5, 77,49 5.101
A5 A el BA19 32, -58,12 5.677
i BAL3 37,19,9 3.660
A5 T BA7 11, 67,44 4.799
AT B ) A0 BA32/10 6,41, -3 4.764
VS A5 1 BA38 40,20, -22 4.158
Fe A 3y ) A il v S i [l BAG 40, -14,60 4.804
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T 4 (Humphries et al., 2006; Rogalsk et al., 2008),
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I N : VAR 6 ¥ Y IR IR O e B 2 i P o < 7 i)
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fMRI SEE 45 SRR, S(HE L OC R MY R
Bly/n) AR f 2h g 35 o CAILH B9 A o 2T )
BN, BT — A AR o A o G R R
FH, Zei%iH [0 (BA44) (Dapretto et al., 1999; Luke
et al., 2002) A1 =Ml %5 T [5](BA47) (Just et al., 1996;
Caplan et al., 1998; Inui et al., 1998; Keller et al.,
2001; Grodzinsky et al., 2006) 1] ¥ il T ) 56 £ figi
X TEAMFTEH, FRATE T b A Bt i 20 ) fi
RAEFEIERE, MIEF F T AR R, Bkl B
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ApEAE R AR AR, B, R Y X R 2
SRS A A IR i) AT o 98 4% 0 Sl il 43 B 1
APENN T AR AT RLGE SO T 45 ik, i BLAR
U AL RS AE — LE 58 TAE TP © B E S8 2 A
ZE %R 8] # 2 5 (Ben-Shachar et al., 2004), %
Fh AR AL G F 2 B2 1 B9 o0 B i — 20 S0 T
CIR7~= W S vy 1| VI R (8 T s ([ S RN &R i
2 TF 1R ) W ST 6 0 235 SR DU Ry, gk o T AR
X NT (Luke et al., 2002). {HZASHF 7% 45 5 WoR,
TEIE LA, A in as St T |l L e (] 55 i X
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Boas R LT, FE 2 A i E AT o LI AN g &
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U N I & P NS v P s SN s 1 R
IS W, Ak AT DL ] 08 3 SO T g
B Ok, Bk R B AR VRN AT LAAE S — Rk 7 1
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PRI 2R Y 5

AR DURAT L T 45 S R B, DUE AR
WA 5 ERRIE XS Y TR A28 4, (H R AR A AR
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X (Haleet al., 1993) B i H B A S " SCAH )5 A7 4]
BYIREFE S IE XA — By ia) v LUEAR T8, DAAE
SRR A9 AT 35 56 £ (Huang, 1997) . X b 488 () 4
RbJ2, AT LKA [R) Y e 22 18] 1 1 S 28 S 4 il A de />
JEHIN, IR SR LA 8] () 4] - rh S B0 S 22
Sl R MVE Z MY 25 5, TETE = Bl BRI
] RAREHE TR, ARG RUA TSR
T,

SEYR SRR R, AN AN 68 i A v (e
(Dapretto et al., 1999; Luke et al., 2002)1i 7. 5¢ ¥,
B R S5 T A T, et T 2 5 a5
T FRTE © A B WF 5T rh Bl 52 56 4T 55 vh B0k 1 1
SCHIWAT: 55 e s, PR IHORT RS i 1 AT [l
T ST 55 v U TE A EAT: 55 O s ZU AR AR o i S
TR, OHIEF I AN T A X
INEAT DA AR 2, Sl A R AR OC H A X DU
AR ST WE ] T 35X — W 5 (Yang, Liang, Gu, Weng,
& Feng, 2002; Ye et al., 2006; Ye, Zhan, & Zhou,
2007; Ye, & Zhou, 2008). MHLA 5K E, K&
B, TCVE SR T A S L AR FH AR ) ) ok
VERSLIAT: 55, I BB A FI A B (3 LR T4k
X R U TC A B RO HERR, © A I BFSE (Just
et al., 1996; Luke et al., 2002; Ye et al., 2006)%%5 F#B
ANBEHERR T SR AR RO RE R o AR 5230 AR T S |
TR He py v SO R B T R /R, TR
ISRAETT 2 ORG240 T [l 7 79 e /) X% EE
SRR <l K o AT S S AL SR S e A R D SIN
AT 8] 3222 5 AN T AT RE MR T
W Bl 2 5 A0 TR AT REME, TEARDESE TR X Fhva)
BN FERI N EBAL, X5 AR
F—%((Ben-Shachar et al., 2004; Grodzinsky et al.,
2006) ., {H & LA BE HE R A o[BS 2 5 Ak a9 i
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e TR I ok A) ki ML B 5 R — S A
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B ORI B 2 AR, X SR RS
BRI T2 5 7 AN, BRI AW
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AR, ) s 2 W DU A 3 A m] S8 4 vl R ik
Ze M Fp (DR R, RN ZE AR T [T e H A iR
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X, FFARULE F RN T R Z AL AT LSS . 5K
bRt IEH BT IR 2 A S RE B E N T
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An fMRI Study of Chinese Causative Sentences:
the Syntactic Independence of Chinese

FENG Shi-Wen; SHEN Xing-An; Yang Yi-Ming
(Key Laboratory of Language Sciences and Neurocognitive Engineering of Jiangsu Province; Institute of Linguistics,

Xuzhou Normal University, Xuzhou 221009, China)

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 gyusin
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



