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80 4EAtH] Kutas F1 Hillyard () JF 0 4B 5T 2616, K
HF 38 3F B3 25 4 46 26 | 37 ( Event-Related Brain
Potentials , fij#8 ERPs) X4a) I T/ 2 Jr Ak &
U ( McKinnon & Osterhout, 1996) . 5 2 v i 38
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Kb oe A B, ki ) 5 18 G ) 255 | A
SRASTR) B4 i B, 7 £k ( Osterhout, McLaughlin, & Ber-
sick, 1997 ), Kutas #1 Hillyard (1980a, 1980b) &
L IE SCiFE ] (R, ¢ He spread the warm bread with
socks) 5| & 1 7€ i3 538t BLJS 200ms B ) — 4> i1
W, Y 7E 400ms I 3K B & (=5 {8, 43 A 76 U rh &R
(N400) (Kutas, Van Petten, & Besson, 1988 ; Oster-
hout & Holcomb, 1995) ., Bfi)5 0 — R AN HFFTF0H .
N400 Jiz e 1 55 B 3a) A A9 18 X Bl 3m) 158 155 O Y
I TS R A 2275 3 (Kutas, Van Petten, & Besson,
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FYAN [RIZE R AE S , T EL G wT LBl SCR] LA [] B S0E
2% % ( Friederici, Hahne, & Mecklinger, 1996) , fi
— B3R 53 AT A TR rh S A T R, JH R e W
U T35 38 B JS K 29 500ms, 7] DLHE2: L 2 F0
(ZED AL M T ) (Coulson, King, & Kutas,
1998 ; Friederici, Hahne, & Mecklinger, 1996; Gun-
ter, Stowe, & Mulder, 1997; Hagoort, Brown, &
Groothusen, 1993; McKinnon & Osterhout, 1996;
Neville, Nicol; Barss & Forster, 1991; Osterhout &
Holcomb, 1992, 1993; Osterhout, Holcomb, & Swin-
ney, 1994 ; Osterhout, McKinnon, Bersick, & Corey,
1996 ; Osterhout & Mobley, 1995), X — IF i MY i
P600 %)% ( Osterhout & Holcomb, 1992) uki/]ik IF
%% (SPS) (Hagoort, Brown & Groothusen, 1993) ,
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B U 25 A A FRLE] IH 26 19 33 1 OC (Holcomb &
Neville, 1991) . 2 Bff 55 16 W £ 3] 5 98] 28 /) 1 32
IAE o 19 Ze i 2 9% (LAN) ( Coulson, King, & Ku-
tas, 1998 ; Friederici, Hahne, & Mecklinger, 1996;
Gunter et al. , 1997; Miinte, Heinze, & Mangun,
1993; Neville et al. , 1991; Osterhout & Holcomb),
1992 ; Rosler, Piitz, Friederici, & Hahne, 1993),
WA A BT e B, Ak IR S | & B (ELAN/
LAN) 4[] i, 38 5 30 23 PF B 0 —A> 2200 A 7 T
M-3R Y P600 ( Friedericietal et al. , 1996; Coulson
et al. , 1998; Gunter et al. , 1997) , {H 2, XLzt
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1990; Osterhout L., 1994; Osterhout & McKinnon,
1996) . i 73 Fh— 2 WF 5% H IR KF N, 15 O T
S5mpg i T 222 HAY (Friederici, 2002 ; Maria et
al. , 2005; Kuperberg, Sitnikova, Caplan, & Hol-
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FROERY T 5O RERE  LABE TR S iR R ) F T
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1a) EFA 2a) IEHIH
The little boy plays with the doll. | The article is too hard to_understand.
1b) FIEEIESIA 2b) EEEHIF
The little boy play with the doll. The article is too hard to understanding.
1e) ¥ XEHIH 2¢) HICEHIN
The little boy feels with the doll. | The article is too hard to wash.
1d) XUEHI 2d) XUEHIA
The little boy feel with the doll. The article is too hard to washing.
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“ o+ TIH AR JE A B PR A3 B ) B = 0 B 1] A
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55— 8, B ] AR VL R 2 ERP S
D o 2SR AP 2 P il o , 7 B o v e 2t R
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HA{E] 2000ms . 343 BRI T % S B BLE —EB 4
i) 3000ms , ZLR B IAAE HH1E ] % 75 1E 6 1Y 87
FFHVEEAE W R, ISR IE RIS Y 7 B A IR I I
“NTEE, FE 3000 ms PN RAE N R R AL PR
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W, SRR 7 5 55— 36 s AR TR

VAR oy, YR ] R RIS L2 ERP g
D, SR 550 4 s MR

A S R H 92 |8 NeuroScan 24w A4E 77 ) 64 5
ERP TAEuh . RAEBRFRAE 10 - 20 5 50 f kil &
R R, AT Ag/ AgCl HL R IR SR AT S
N EEG, S5 Bt & WU L5 HE &, B4 42
Hi, [7] Bsf 30 5% 7K S FIR B 0 2 EHR R B T N
0.01 ~40Hz, SR FESI % A 500 Hz/ 5, 3k iz B /N T
SkQo A s 2 Cepoch ) iy 3l B 5 3L/ 79 1000ms,
FEL R T 200ms , [ B 1 2 IR 4 Oh b, i i@ K
T £80pV HAER MNP A S5
2.3 EEGiZ%#

R A DA AH DG A 58 vh #4519 ERP AL 53 5 K¢
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f4E ERP ~F- X008 B 5 DA &5, 52t B 1
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FC4 FC6 M3k RaiHk,C5.C3.C1.CZ.C2.C4 .C6,
CP5 .CP3 .CP1 .CPZ .CP2 .CP4 .CP6 Jy3k Ji7 B, P5 .
P3 P1.PZ. P2 P4 P6. PO5.PO3 POZ, PO4 . PO6.
01.0Z .02 Fk K2 5o
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3.2.1 AIRIEXEF FATES T FC1 FCZ #17
S3HT . ARYEIERN 4] 5 i 0 554 N A ERP P 2P
EICE ) AR ), 78 SCrp b 2600 ek 0k
FAR Tt i oh B T 6, O A 400ms oAy
KB, ARy 500ms 76 47, 7T LAFR g N40O,,
X 5 DLAT Y — S8 F 5% & I — 2 (Kutas, 1980; Nev-
ille & Schmidt, 1985 ; Osterhout & Holcomb, 1992) .
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rBT. MR AT R — S 5 AT
ERP -85 3 8 B v] L, 78 38 SR R i 1) 45 14
T, Sk B A IO e B0 T B S N400 (&1 2)
RN Ry 500ms 2247, BOXTREAS ¢ K256 o, i X
5 A i NAOO f 25 R T 1E 8 A1) 254 5 9 N400 ,
t (19) =5.111, p<0.001,
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— The art icle was too hard to understand .
—The article was too hard towash.

K2 A S5 E R A A6 L e
R SCEBIZA T 89 ERP #E K

3.2.3 FhEMKREIFBEFAIFEE  FRATHEE
FZ CZ ML oyt X /a) v i S i fn g Je s it
BIMAN S AE T (19 ERP S 9617 b, AR Fs 4 v
S AVA] R T SO R I ERPF8 A5 FIAH N Y
Sk B ERA

H & 3 AT LA A il St o) Fnmg g i it
AR LLERT 75, A6 Sk K2 R A90UFN o 3640 L B N400
XF 300 — 500ms [P 1730 R4 T 9 7 25 0 BT R, A
BB b5 | & 1 N400 52 e /) i s il 1
TEOLE 5] A& 1) N40O P F (1,114) =6.324,
p=0.013, [A]IF, B4 o0t e B 40 26 B0 5 3K iz o3
A TR0 2% F(2,114) =7.213, p=0.001, %
Tk i3 s 2 & R, AT Es 5 Tt g
(1) N400 i 3 K T3k e J5 % (4351 p < 0. 001, p =
0.008,p <0.05) ,
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AN ERP SEIGOE K AT LA 1, £ A) )
ARG ARG Sk B 26 140 0 B0 T LA 10 Dk
N1, Bl ELAN, ¥ R 150ms 72 45, [m] B, 78
600ms Z& 47t BT IE B, (M 3 2 R 22 5 OR
B,

FC3 FC1

—The little boy plays with the doll.
—The little boy play with the doll.

B4 IE#hE) S 6] TR SR G

3.2.5 RAEALEEGIM ERP 547 FRATESE FZ,
FCZ #4750 Hr, BARGE R ILIE 5. R4 E 4 4] 5 4]
Ak 251 1 ERP SR W] LA Y, 7
R RANE AT TR Sk BT A0S BT R E B 43
P600, ¥tk ] B 500 ~ 900ms A 47, ¢ (19) =
-5.267, p <0.001, X —%5 %5 Hagoort £ A
(1993 ) Lk } Osterhout FiI Mobley (1995) — %%, [d]
I, FATEWELR] T 5 P300 ARABLIY ), Hak 3] &
2,6 (19) = -11.487, p<0.001, pe4h, FATLEIE
fia) EREE R T 2540 ELAN A9 67 38 , /g 6 3 461) 4] DU
o X — 2 I U A T o0 ) X AT A
Sk 2P S A - 40 B A 5 T S A7 R ) vk i
RS eI Nk ey i £ R 022 NRESITTROE s N B2
i = A 1 I

FZ FCZ
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—The article was too hard to understand.
__The article was too hard to understanding.
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3.2.6 AESAFAEEGH ERP Botbi Xt
A v ] v 5 RN 12 R B8 P 2 PR A5 4R 1) ERP

SAE HEA T LA, AR A R 1 ] e S AR ih 5
Kl 1) ERP 45 b5 FUAH R 1 Sk B2 347, EH F1 L FZ
FC1 A1 C1 YA s AE LA BT (B 6) o % Rl iz 151 2%
E51 A2 POOO FY-F-4) 2 Wl £ AT A T X Ao AR 4G B 2
B, 8 Z RIAAAAE R 25 5,0 (19) = -0.459, p
=0. 652, 7 /f) ) s i ) 2% 4R R, AT DAL )
ELAN, I 7Em) RAE SO 5T, ol OB 2 S
N40O f s HeAh , Wit 2 14 T 2 T W4 3 2%
81 P300 Y153 o

Il 6 T LA Ay [ 8 50 R L 78 B
FCL 1 C1 H B T Sk ELAN 7 /5 K 2 i 58 2%
T AR BRI B T P600, i FZ 45,

F1 Fz

—The little boy play with the doll.

—The article was too hard to understanding.
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3.2.6.1 ELAN g4y

H T ELAN J2—AS R oy, VBRI , ik
WA, B AR e K e ik e Al it o X3k J2 4 A
(ZERTARHS A7 HA - T ) Fnvss AR AR 1 3
— M. At T fR A S ) i 1)
SR 3 A 6 22 1 A60ER A A AR 5 TR bR Y
ELAN {35295 1

X ZE A A A AR 5 Tt iR ELAN [
SESA U M AT ) 7 25 40 B B, R TR Sk K ER A Y
ELAN “FEE IR 8 W E 2 5% F (2, 57) =3.610,
p=0.033 , F /5 ZH KK, AR #TER 1Y) ELAN i
R 0 2 K A AR 5 T B Y ELAN 0 (p =
0.033; p =0.017), AJrpa)ikid ) 244 T 19 ERP
T (ELAN) 3 %250 A 76 22 B &0 , 1) e /) 5 46
151751 A B TEJE (P600 ) W 43475 A ToL i
3.2.6.2 P600 H4y

P600 J&— B 1E B4, T A BRI gk 06 7 12 337
PRI A KRR Y- 2 i MR v g ok A it .
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2o TR PO00 13k B2 o0 A A7 AE B 3 2 5,
F (2,57) =2.888, p=0.064,

3.2.7 XEGIAH ERP 54 FATESE T FL,
FZ .C1 FI CZ BEA7 3 Hr, RS SRULIE 7, AR4E £ 3h
AR SR SO SCAR T Y ERP SE R K
VAR AR AR SCRAE R ARk B A
RFR B T M 1E a3 P600, IR Y] 600ms 7 A5 ;
TV SCBCCARAETS |, RISk B2 i Al p g 3 B 1
N400 , #: R H8 500ms 245

F1 Fz

||||||||||

—The boy feel with the doll.

P7 IR RS RS A X

3.2.8 EBEHI5IERFR ERP ELE
3.2.8.1 N400

XoF 53 A TE T A5UFN T5U -8 1 N4OO ~F- 347 96 i 164 7
R0 45 3 7 6 1Y 5 Kk B o3 A (ipAR — Tt ) i 52 )
HAPIR 7 220 MR W, 3 B2 A G 32 8000 e 3
F (1,76) =53.727, p <0.001, X ¥ FfiF ]2 5
V- Y 22 LA s v S ) (4 )
SR NAOO P M {25 T XU 5] 5| A& 14 N400.,
3.2.8.2 P600

IR R J5 22 53 Bt s i 28 20 45 3k Je A 1) &2
RO ¥ 2, oy s F (1, 114) =10. 903, p =
0.001,F(2,114) =12.866, p <0.001, £ X34 /4)
H G 2 EA R, B AGEE5] & 1 P600 I
KF w5 i 51 & 1 P00, XLt 49 4 2% 4 F 1Y
P600 {2 b 73 A 7E i 40 55 THU - b, e Sk B 5
(p<0.001; p<0.001),

4 e
BT, AT 52 45 5 2 0] 6k I 385 S5 09
e 5 WU, H ERP 443 LA AR [ i 4

o B GEBIS A T W R 5, FE{E TR 400ms
A iA B K, X 5 Kutas Al Hillyard ( 1980a,

1980b, 1983, 1984 ) % F N400 p BT 5% 45 3 — &,
i W 5| kT B A ELAN 5 R R T
600ms [ 1E I P600, XLids 541, RIiE L5 m) 3k 34 A
B CHYAIT, 51 % 1 N40O 5 P600, X — % A W)
T Hagoort 55 A\ (1993) BYMFFEEE 2R, ABATT BB 5T
A R BRI UGEEL T L 1 P600, X I, Al fiTIA
SRy g PRl kg g e [ I B A 3 A A T 0 5 A Y
N400 K¢ H K TH 451 1o [A) #F, 78 Friederici 5§ A
(1999) Wyt , i SCEE G5 % T N40O , B AE R
iy AR A B N400, KT, Kim 45 A (1998 ) 1A
H,N400 JEA 64K P00 AHEARIY , iIX 5 AW IE K
B, TEARMII LR AT W8 R i
BT R XU 5] F SR R B Ay g ik i ) R s Sk
1A I LAAR BRI AE UL A (Kim et al. , 1998) , i)
UEH N400 5 P600 Szl 1Mt b 58 A A 1Y AFEAR
RAEREE Fphsr A AR 2 3 5 o SORIAR 6 T AH
S ) F 5k (Osterhout & Hagoort, 1999; Kim et
al. , 1998 ; Hagoort, 2003 ) #H—3(,

B 5| R 2 ) NA0O ) B 1 LAk i) 4%
FR Y NA0O [ 35 K T ) v i L3k i) 2% 1 T Y
N400, #4E Hagoort (2003) iYW A, X Al GEJ& 4L T
XS E S 1 AR YR B s ) 1Y
DA HEGETIG 0 PR, 35 =2 4] = v ) H At i3 491 45
B2 48 X6 ) e EA AR S

U I A R A 2 ) 2 T, P600
AL NAOO g B 24l WL 3], 2L N40O 1
ERP 87338 #F AV 2 4] 7 b A0 B T
[ fR Y45 3R (Hagoort et al. , 1993 ; Osterhout & Hol-
comb, 1992, 1993; Osterhout & Nicole, 1999) ., %
AT BE S G A TR R B — B N S I i
B3 9] B 45 R AT X &R (Hagoort, 1998) o P14,
) R 9 3 i S R T AR TR R R B SR A
KA TR R A58 A J7 B 514 (Friederici et
al. , 1995; Mitchell & Green, 1978) ., [Hitt, ] LIFH
H 3 6 g I T 5 A T | A O EAA
KW, 5 AR, A) A g i 5500 T ACH
ELAN mJ LB R & 3, 3 o 70 02 I TR 28 ) vk 53 1)
(Penke et al. , 1997) , ELAN A9k 2 i B & 4t 4y
i BAEA R AL B B 3, X 5 DIEPF SR 45 2R — 2
(Neville et al. , 1991 ; Rosler et al. |, 1993) , —LLfff
¢ 5K, ELAN AHXS FU B 2%, o B il L5 4]
BRI RS B E L, Al s S TR SRR L
) — TR AT R S B, A Ak 5 |
Y ELAN, 3 3% B A7) 2 im0 32 )38 SO TR AR
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o, TS I T8 R Z 5, Al in TA 21 X
IRz, BRI P600 5k AT LA W8 3, ik — 4%
ANE T DI AR GE . %k I n] G A A AT 1 e 0L A
— R AR, LA R i i R ) F A AR
P o LIRS Y, AR A)IE SR — 02 A s by
AR, 53— WA, ELAN B¢ LAN 5 TAEid
124 % (King & Kutas, 1995; Kluender & Kutas,
1993) . [Hifi, 3T ELAN f ¥R, F AT 14575 2 ik —
WHIRE . B2 ARSI R AN T M
BB BB B BOR AR TE IR B 3 S
AN T 5 5 A B B 2 (3 i A Al X
SCRE T A S T 5K % O T ) B B A I B
Bery s

M B 5] & 1 NA0O I 35 R F XU 41 51 & 1Y
N400 , X 5 LATE BT 7T 45 R — 2, B 3 SO T2 /)
PN SE R . B 5 SOBGE 4] () ERP &4 5 5
A a (Bal i T S ) S B Al Ry )R ) 1Y
ERP J{ 73 U, B8l o3 A 7 | 95 2 i ) g, 3L
)51 A B NAOO 5 W /IN , {H P60O 35 i A7 iy 14
X R TE LS AN T2 MAATE L BAEH . Y
T SUE B AR — B, A i TRy s BERE OR [
I, iX SesE AR S5 AN T2 )2 —Fp sl 25
AR E S T HL 2 A FRE , )i i TAEAR KR
JE 320 MR 3% — 25 SR AR R L 7 T AN [H]
T Hagoort (2003) WM 58 & 3, BN AJvE 3 A AN 32 1
SCEEE ISR o AT, B 1)) 5 Bl 1) ) 12 3 197)
)51 B P600 FY Sk B2 oAt A7 BT AN[R] 7 B4l i
AR SRR, P600 FE AR | T0 i rfs 5 3k iz
JE R o3 AT i 2 22 S s AR XU 9] ) 2R AT
P600 . 2 b 73 A 75 i 455 TR P, i 1 B XL
B )R N TN 51 A o (B, T
XU a) Z A T gk s il A 3] vh oL PR AT
ASREHETR A 0 X SO T HA P e 2

g LRTR ATEE S B E A TS
e T SRR A - BRARE v, ABAT TR RS,
IR, AT D ) 1 IS AR R BRI 5 3
fil A, RIE TR SO ARG AN Tk Z . X
SEBE Rt — 2D R B RE T 2 H TS S AR R £ B2
MMIATIIETR 2~ o 9K, ST S50 Z 1 R BR
P AW SR K B A 5 72 VLS BT SE b gk — 20
PASGHIE

5 Zig

(1) v ] vk B0 i )75 e 1 - 300 7 i 6 D

(ELAN) , A 4] it 651 & T 1E % (P600 ) . /)
R T SCER B35 & 1) £ 0 (400 ) i i I 2 K T
BT B ) o BV A 3o 91 O e ) 1) 57 T 25 o

(2) 15 X - ApEAGEE R 5] & T N400 Fil P600
B Rl ), v S - gk T 55 & i N40O
P600 Y AR fb S AR X FRPE o 38 S — g 3k WL 5] 4]
5 1) POO0 Y M KT /) vk B it ) ) 5 o L — AL
TG K& NAOO I8 IR 35 /N T3 SCRLt ) o X i
B )k S5 SO T2 [RIAEAE S HAE .
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ERP Investigation into English Sentence Processing of
Chinese ESL Learners:Taking English Active Sentences as An Example

CHANG Xin', ZHANG Guo-Li’, WANG Pei'
(" The Department of Psychology, Education College, Shanghai Normal University, Shanghai 200234 , China)
(* National Key Laboratory of Cognitive Neuroscience and Learning , Beijing 100875, China)

Abstract

Randomly selecting 20 university students ( 10 female, 10 male) as subjects, who were right-handed and had
passed CET-4 and Manipulating different anomaly types ( semantically, syntactically or doubly anomalous sentences )
and anomaly words at sentence-internal and sentence-final position, the study probed into Chinese ESL learners”mental
mechanisms of English active sentence processing by using ERPs. Specifically, the experimental materials included 360
active sentences whose length ranges from 6 to 8 words and were classified into six types ( each type includes 60
sentences ) ; control sentences, sentence-internal syntactic anomalies, sentence-internal semantic anomalies, sentence-
final syntactic anomalies, sentence-final semantic anomalies and sentence-internal and sentence-final double anomalies
involving both semantic and syntactic difficulties. The task of subjects was to judge whether the sentences were correct.
In addition, the indices of the observation were reaction times, the rate of correct responses and ERP indices in the
process of the experiments.

The results indicated: Under sentence-internal syntactic anomalous condition, the ELAN was visible. Under
sentence-final syntactic anomalous condition, the P600 was observed. In relation to semantic anomalies, the sentence-
final N400 was significantly larger than the sentence-internal. There existed the effect of word position. Under doubly
anomalous condition, both the N400 and P600 were detected and the change on amplitude showed an asymmetry
compared to single anomalies. To be specific, as for the P600, double anomalies elicited a larger increase in the P600
amplitude. With regard to the N400, double anomalies produced smaller amplitude. The pattern of results showed the
interaction between semantic and syntactic processing. Semantic processing had greater impact on syntactic processing.
Key words English sentence processing; syntactic anomaly; semantic anomaly; double anomaly; Chinese ESL

Learners.



