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T YO A e A R L2 B Liberman Wit o 22 Bk 2 TR, AR AR I W 5 O TR A
M H A 25 42 8 9 (Liberman, Harris, Hoffman, & IR FT A A AT NS 5 B L HLH A AT BE .
Griffith, 1957), ZAREZIGIEA FiELL G T, & 7 SN A DG R Y I Ak [ A8 B JEG 5 ) R 3R 114
S 1 1B R R o T B s ) — A, FEHATIFIR
Wr 35 BEAS X 70 T8 T AN [F) Y 4 A9 8, (EAS RRAR & e A e s < s
H DX 53 & T[] — 5 5 1Y ) (Studdert-Kennedy & 1 BRI R ER LR
Shankweiler, 1970), -5 7 I AU %015 AH X 114 2 34 22 1.1 TAHMR

TUTAE, RV 3% S5 A T AN BE BRI D S P T AR G i DL, %) 0 A SR 9 T
W R A — A, Wi 2 X A6 T B R 0 DX B B 4% 0 B TAT g SR, A A0 B AT DX 2 i
AATREY SRV SIZ G P 2L BT o MR ) 0 s R SRR 7

IR S AT Y EEAE TP E S B YR LA X o IE R M 26 B4 S 52 (1)
&, N, KEVFIE R AT S R E T 5 1 W 0 R ) TR 1 A 08 38 19 DA 8 2 i) 2 3
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Liberman et al, 1957), 1976 4¢, L+ I0Rk M, ok PR DX 43 TE 8 238 1 T A T 3 4 [ 00 ¥ 19 3 08 1 X
XiF At 515 BA S A BH S /Y 8 0 W R T T W R 43 IEH R (Liberman et al., 1957),
(Wang, 1976), M I I 4 70 i SR A ) F30 b, ¢ b KT H TSRS, R A KRN
HE AR S 2 — AL Z )G, IS RIFSE o 7 R R BN 9T T R v W ) 3 2 i 2 78
Y, X—IA)BFE 20 40 70 AR08 &8 i A
it T ol LA 5T A 5 BH P R0 BH S A 0,
W H 9): 2016-11-29 BRI T R R VI I R RN 1) 1B 15 (Wang,
*PE A S SRl AT R 2013 £ T ORI H 1976), #X1fi, Abramson (1979)% Z&iE 7/ i AW
DU IAI SR BRI AR MR ey i e A B B R W
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WM E R R . TEDUE I8 i UGS 5
TR RIBIFFE Y, 04 T R ) S 00 2 R B8 DL AN £ (f51)
n, #%527%, 2016; Francis, Ciocca, & Ng, 2003;
Hallé, Chang, & Best, 2004; XI| 4, 2015; Peng et
al., 2010; EEAfiif, 2012; Shen, 2015; Wang, 1976;
TR, 2250 2010, B, A 2015; Xi,
Zhang, Shu, Zhang, & Li, 2010; Xu, Gandour, &
Francis, 2006; fKH%, 2010), 2R100, WA
B3 TR R ZE R, F1Un Francis 55 A(2003)
X AT = AR DL RS FHR IR R 45 R 5
WO BN 25 R AL, SRR A T (2015)
Xof 387 37 375 BH - — b 75 SR AT ST A8 3] T HA R
X A3 FAN—BUWEE, XF st 142 — MR,
BRI A BL P 2% AR ARL) 9 75 98 22 [ AS 7746 355 BT 1Y)
DXOP WG B o AR Z B, X REL4E(2015)7E X)L
OB L PO AR E R A A BT R TP X A T
AH SR TE FAH LR IE, 45 R, M 5T IRTE 17k
AT P R ) TE R ALRRAE, (EURE BL IR (4 B
S5 S I 5 YE AL s AR Y A R R AE . 2R
5 (2016)XF A A3 7 I (1 BIF 5% &5 SRt S 4 £ A
R .

KT MRS A W RRIE, BIAR
IR ZE R M T A —B . 3 AT A S RA—BU —
AN E L R R AT BT A 7S S BUUOR TR, Francis
5 N(2003) 1A Ny, S U 04 SR S IR B B AR AT,
T - 98 A SRR U B S S RS, SR T, MR
A TE I () B (Francis et al., 2003)LL Kz 358 35 FH
F— LA E LG IR (R AE, AL, 2015)4)
BET H5RETVIRAELELIAEE R, Rk, 7
R B 0 A0 R B T RE I AN A R T A 2
CF. F+. B E 2 ry i BB, MRS
WA R 4 v R S B ARG A
T 2 A AR EE AR 8 7 91 22 8] T 8 A7 A 85 A 35t WA ) A
BEEIE A T, R 2 AR RLBE VR Y R ] AN A
TEHMW A e A, B, AH T DU 7E 75 5E
WERIE Y v X 43P 8 Al T 98, XA AR AR TR A AR
SRTE (G HL A TR 48 75 AL 75 2 2 1 & &
T ), AN SR 2R 5 25 T 1) 7 08 24 280 ) B 46 i
Hw a5

7R T S5 G 0 1 T 2 5 P O R B
Ao XA PHHEIGE, FThR ERX R 2L R
BRI A28 mi 3 L R AU 5, AFERE
LRI A e S X AN R 0975 2 e R AT IO, T

PR A [7] 75 2 2 R A U R AN TR 1Y, Xl
S UM A R 25 5 o N, E R AR A i
(2015) b 858 1 A [a) 114 0 98 e T FH P — 1 7 i 2k
G SZ R, W AT AR TH IR 5 s S A R
i, FEAN ] T R B i A B B THIRE A5 0
LR PN VAL AR B, SRR, TERET
R B B i A0 L B IR AR 1R, BHAF R A Y
WA LS Y WA R R

T MERTEERERE, R8P
2 T T R R R 1 7S A R AT A S
NS 1 25 R I bF T X L 45 5 .
BTG RE, XL mas RAER KR E E5id
AL 56 B 5, 018 i & a2 e —
4y X 4325 B (Francis & Ciocca, 2003), Hik, A
AT 75 R A T8 I A A S S I A2 2R )
— R X E R (A, AL, 2015). A,
U Any Al 2 SR R S 56 o DX 0345 R TR
B MREAPEE R R, B PG 2 T Y B
Tk, WA R Z A . AT AR X 43
SR EERAT G BIS TUY  o AT F, TE P AU
P BT B B S R, XA a5 R S A A R B
0 JE TLF- 7 A 452 14 0 W S8 R 52 3 3 5 e LA e
1o AN, A — AR 2 1 0 AR, H
X3 S 45 R i AR 25 S, X R4 (2015) 75 b
B 92 e 22 P b % A A 22 R AT T AT BR A AT
A, XS gm g R oA X o i,
AN —JE SEWT R ARGl X 43 B Y e Y L, A
A 2 PR A A [ W 25 0 81 1 S e i R 1) 67 B AN
[F, PITESS SRR B b, A BT B i 6 5
BHIE T o
1.2 ERP #5

Bl I ik 2 Bk 2 00 A B, H A B RIS
PRI PRI NAT T 5 1R 2L SR AT
fig. ERP BOARBA BOAKEH BT ) 43383, T LI
EHRFE TR ITERE A S8 0 Tl . BIERTE IR, ©
A ARZ WS T ERP HEANS 75 8] 305 5 1 o 455 X
FF#E 5% (140 Chandrasekaran, Krishnan, & Gandour,
2009; Kaan, Barkley, Bao, & Wayland, 2008; Shen,
2015; Wu et al., 2015; Xi et al., 2010; Zhang et al.,
2011; Zhang, Xi, Wu, Shu, & Li, 2012),

— U8 ERP WFFE M, PR REE 0 B 7 R
) HIE 2 IR WL AR AR, BARRI N, 5iung N
i 26 A0 EOAR L, 0 W [R] £1% i 22 SRR T A5 e TR
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{4) B = B 2 % (Shen, 2015; Xi et al., 2010; Zhang
et al,, 2012), N, 7ERTFER BB, Xi % A(2010)
AT DU 38 U PH V-~ 25 1 SR 55 1 Y B A i
IR, SRR L, AR R T XY
LA iR X, S W P R 9 A () 30 9 T LS R
MMN i53, I H., s a0 22 0 X RE % 75
RERE MMN 853 . FF ERP BWF5TA Al LLIX
A3 R 7 2 AE B & REWE AT T, Yu,
Wang, Li #l Li 2014){f 15 Xi % A (2010)41251
ML T, A 005 58T X B AR I 145 X
DUBF RFEWE A Ve, 45 R/, & Rk
P 222 5 X0 MMN 8053 A0 5 I RS A2 A Sl 25 1) 5%
W, WX MMN BRI, R R TEW
FEAE TR . AATTIA R, X PIAE m A5 B A
EE AR RE ASFEMEH, F¥EERR
SR TR PRI TR AR B, 0 AR T R s X O
IR AR, SR 7S R I TR R R
i LoRAE, FEAEEEM T B, 7 JE 5
AR # M5 B, WfE—E R L IRE S
JZ 1 115 B (Jia, Tsang, Huang, & Chen, 2015),

TEVE R LR B, 0005 P 22 300 J85RD 105 19 (]
i 2 0 8t 23175 & AN ) 1) B A 332 07 (Shen, 2015
Zhang et al., 2012), Zhang %5 A (2012)HlF 5% 45
T, B DUE R R S AT R N B, T
PR ZE R AL ZE . A BRI & T N2a F1 P3a i
4y, L [ i 2 00 38 AE R I 225 & T BE R
F AR N, BT M TR B EFFER
BT, Shen (2015)ti481H, AN A B HT
RN B, ERERAFEENE, SEIE R
YeF IS0 7 R (1% AT R B S R A A 2, T
T4 [V i 222 S 35 L 3 I PR O 25 85 R T SR I
RN

SR, 53— SRR HAR 8] T AR 245 281
Chandrasekaran %5 A (2009) % 75 % 38 1% FH - 1
FHP-(T1 A T2) R BRI T 25 SR e BH, Tamé Py 414
TR MMN KT EBER S5 1F T g it
FEERGHAMZE R AR, W He2 B AR E RS
B, ERZETFTT A, TEBE PN FIE B4 ] A 5
PSR I AR PR 2R R T R 22 R AR A, BIAR
YT A T 2 23 () 1 T 3 s A i 22 0 I8 R i
() 00 25 0 ) P o7 o RO T PR ) S )
SIS o o R S A R S AL, AR R T
MR B ZE S, Zheng 25 A (2014)%F 0 T & fili 5

A6 R YGRS, AT AR, JEE S
W ) 0 L 3 W A SRR A T SR ) G 2 D TiE
843 (late mismatch component), i & £l 18 ) 5
0 D) AN A X T R 2500

ST AL E AL, BT ERP MBFS
SORWIBL T B th SO, BRI R R
B, PR R A YW RRAE, 2 I A S ]
22 TR TEAC LG S 5 R i 22 TR BRI e ) R A S o B R
(Shen, 2015; Xi et al., 2010, Zhang et al., 2012); Tfi
5 — BEBIFFE N A A B X R BE ALV (Zheng et all.,
2014), #2535 2 & 145 R (Chandrasekaran
et al., 2009) FATIN Ny, 3 AIX 4622 S 4 B 25U A
S AN T BRAAAE B Be b, BIVETVE BB BRI TE
BB TR RN TR B, A i g e A U T
R, BT B, 72 AR BRE R A5 R AR L
JNE, DA ARG X I A SR/ o ok BL(ELAR VR R
S B R B B S5 L, FERTTE B B, R A AT
TE A5 B BN T2 A B P e . anSRZ
B Rt X R )2 S B 0N T, TR 3 W i) 3 33
V5K B R AR ROV B4 R A RAZ B B R R
22 BTN T, OGN Bt &
A B HFTA Ik, 7R B A AR
IR AF RN, R E BRI 2

X TEEES N L&, AursEd 7
P By B AL 7 (two-stage model) (Luo et al., 2006),
RNy, R A S TR B, A )=
YR 205 B AT L, PR AR 3 T R A
AREER; HB) TR B, BmZ2RMNESER
PARINL, I LARFEAL T KAk ZE 23K (Luo et al,,
2006). T SCATIR BIBF T4 SRS B UE T %A AL Y
GEME, HE, MIEENBREGHFERSHFEREDN
T, AR TP B RIESE

2 EWEEErREM R IEREER

ESCUHE TR AR B B R AR LR U T
W B P 9 Y5 W R E Y SR o A TR e R
FARGER R LR AR AR . BEEE R L AR
W P R I A v DL SOR) R A G AR T
I o
2.1 EHEE R EETERR AR

KREAT LML REN, galiin s 4R
S AGE . SARS AR E AL, AR
BT SR B PR R 4 0 I A R R e (o,
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TS vs i Mattock & Burnham, 2006; Xu,
Gandour, & Francis, 2006; 5@ iE vs. 215 : Hallé
et al., 2004), MidESJHIE F 0 BFE Z X /5 P8 31T
TEWE BB, fAfE— & B R HE(Hallé et al., 2004;
Zou, Zhang, & Cao, 2012), Hallé 25 A (2004)%f
H BB UGERE R W BN, R REE X
TR B A 32 RO A B T A R 2R B RN 22
of 7 A VO A S T G 55 T R DU R
FH o Zou FF A (2012)%F 3 17 PH - — L A iE LS Y
oz e R R W, PUERE & 2 B sE M, 1
H 15 BEE 1 TE4 Ak A ) AN BH

BEIE S 5230 A G A 38 7 AL, R4,
BETE Y 75 42 96 2 75 AT DLGT RS B AR A E 0 %0
FEGFFRIR? HKARTE(2010) %5 T EE | H A FIZE
] B 2 A DL P R RN, S5 IR R, TR A
B3 LR H A B8 2 A 00 R 2L Y, RE
A SR B M — E PTE LR, A5 DUE B
FHHAEAR R ZE R . Peng % A(2010)3F— 4
B TS FF 5 5 50 D0E - 22 4t
=B SR G B e ), 25 SRR, il
WL BRI E S G REE S, TG R E
H 25, AR BRI W R BN
FETRRRE A, 3 2 7 IR 5 BRI 5 B0 X W b
7R TE A AL R B L AR R R B, R T
T RES Z 0 LR B A 22 5% . Zheng (2010)
b 7 B | 3 S O O R X B S Y
AR, ZRERM, BIENEE 2R
A, A R WA L AR A S,
BEEH R ES N . Shen F1 Froud (2016)
BRI 98 25 28 T = 4l 9kl (DU /K P 8 v i DB B
B EENEDOE N SOEEEE MPUERIEH)
Xof - 38 15 7R R T R A e A K, g5 R OR, DU
BT F B ORI N e A, N RSB
Gt BE T RO 4 01 A L At 7 2
BB X Ay F e, BUE KO B Y ST 1
FRI S PUE A AL G R . F
FRAE X R FEER (2017)% W R UE 7 S BFAE Y
IR, PTG R R 3 1 B S AP P
A R S R, {E S W A R AN B 3 1 B
L, WA XA 22 R TR 7 I R ST A
TE 5 S IR AN TR B X ST T S B

B AUk A TS FO S S A B R
JHTE ERP WoTH g A B, KiEgss REM,

BEBCGHE . JuES) RS B GER . AE IS T
AR g R B B E A B R 2 A2 B RE
25105 Y32 R (Bidelman, Gandour, & Krishnan, 2011;
Bidelman & Lee, 2015; Chandrasekaran, Krishnan, &
Gandour, 2007; Kaan et al., 2008; Krishnan, Gandour,
Xu, & Suresh, 2017; Xu, Gandour, Talavage et al.,
2006), flfn, Chandrasekaran 5% A (2007) 08 5% 45
RERW, AL TUT3(T3 R 22RO KT, Hil i
BRI W Th B 78 T KW MMN 47
Bidelman Fll Lee (2015)%%% 1 B #5 5 F1 1T 3¢
TR B DU B — R RS GRS B, 45 R
W], SREREE ML, @ EE F A AT
FE VR AT I, AT R i SR, PR
AT, B30T AR W B 500 2 52 B BRI 5
W, Zheng 55 AN (2014) K I, FEXFARTE 5 R
AEFE RN T A, B o B 2 A 30 5 (] ) 38 2%
R AT BRI B AR N, 0858 G 5
TP L IR SN o 36 12 45 2R 1Y S PR AT R
TR BRI 2 B BEEE R SE R, BES T4 i IX
I B AR Y 484k . Zheng, Minett, Peng Fll
Wang (2012)7% £ 7 i 35 B 15 35 A1 15 B 5
Xof 1 7 R B Y G e A, S5, TR
SEAETR Y0 TR] i 22 R RIS W P D 22 300075
A R 2R S A 25 52 B TR S R R, R
A RPN R I TG RERN, 0 ] i 22 R
PR T BRI P300 HL4Y -
MATHEERTTUE ), BHE A SRR
P B BRE A R R s b, R R TR AR R
T T BB AR B P AR A 25 5, AR AR
TR U 2T A5 BEAE T R 7R U B 3 W o A
Ko HFEEERE, BB RGN E AR
VLR B o 7 ) vh i X 7 R 2t 25 ) B 75 9 114 R0
SR BN, Peng S5 NAUSEREHT, a1
TR RE TR N 58 15 BB s A B P i L e
A AR A BEAT B35 2% 5+ (Peng et al., 2010), {H
Zheng WIRFFEEE R IR, G BEH BAE 5
A B 4 AL e JEE L B35 1 2 i (Zheng, 2010).
FATIN Sy, G5 0] B2 3l RSB R R 4
22 Sl R, BRI, Hoh o 6 A R
MR AR DO Y, T A 4 A
TE JB 7 8 X6 S 0 S Ll BT D 1 38 3 1 7 O A
HAEREF 5 MG EHE F A E 5, e A
FE R XS 37 2 LR 22 () B TR PR R, 8 I B
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T I AR B L R B E AR T . B CER
Y ERAESE AN QO MIFFT 45 R 2B, RIfE A
W RGN R A E AR RE A T —
B(E PRIE AR EAE 4 D), R AR
A BLANTR, 72 B AR RS 75 U8 I 3 W5 L R 5 4K
RN

FHF ERP (W57 45 SR TR E 2 50 78 75 R
WA I PE A T ER AN A, KELSRE
W, FERTHEE B M B, BRI O R R N A R e
Tt REH, B0 E st 232 8 B
LI . FRATIN N, XS 5L R LA P
B — AR, TERTVE BB, X 8 B o BE
AR EENNT, BAEESHFEENMT, Hit
BEVE 5 AT LSE A 15 R S N T R X A
A, Bk UL, 7RI EEEH BT RE R
G AFAE X B RIZTH TS RE 25 5, 7R 7R YR B
SRR N 5 B BE W 2 5, N A
KA R, T EE R RS E K g2 ik
B XFEBENE S, N & BB BE SN . 2R
TR, AERTHEEM B, HA TR A B R
T, BAESEANINT, BB&8% 2 r&f
FE R, 2 TRk A R B K 2 B R
PRGN, X 5L 75 22 SR A8 Ak B N URR,
HIk, BMEANTFAESZEEMT, HiEb
T % BB 7 2 SR 1 B UL 23 R B R AR
o M2, AR R, BHET SEE T A
X 75 I B 6 RN v 7 AR S e Y, 4TS AT EE N
R B SE R 5E
2.2 A RTEmE &N 5L B S0

AP AL SR 52 e P RS A 1 — N E,
AR ETWARNE, FRAOAES2H A
FMEE, BEE AR NFREN, EFhAE)R
WS —AE, BE L4 G & N 85 41 (perceptual
reorganisation) M 5, BI7E A4, LN FEE
FEERE B 1B S R0 X 4, (HREE BB A
B RGN, 2R L4x %k & P AR BRE TR e
J1o LMERTFZEERI, B HEERRH & 55 6e
B R B BLEE 6 4~ H Z2 45 (Polka & Werker, 1994),
T XF G ¥ A 60 4 2 B R 3R 300 11 % FF 1 (Rvachew,
Alhaidary, Mattock, & Polka, 2008),

X TF 7 58, Mattock Fll Burnham (2006)%
2T 6 H M9 H RIBEEZLADUEZ LT 25
RS R TS RN X a8 ), 45RRM,

w2 LA 75 R A1 R S R TR B, 8 E L
40 75 8 01 BE 1 R T 55, 6~9 1 % B 1 A A R 0
PRGBS 22 . T ik — 2 RiiF
e P8 IE T B 2L EF B RE A R R R R
F 6 1~ H, Mattock, Molnar, Polka I Burnham (2008)
T 44H L6 A9 A H BFLE AL E 2L,
SRR, BB AEE B L RPN RE T T R
BB BT 6~9 H Z 8], Yeung, Chen Fll Werker
(2013) Lb#& T RE1E A TLE M3 35 A0 0 1 2L
B ERE S, SRR, iE LT
4~9 A~ IR0 P R G X 2 e R T RE, e
Vi) 347 508 35 22 LA EE B LA BE S X A I, (HOR
F0 & R P ILTE 4 A 22 A ih R
HEFER T . Liu 1 Kager (2014) 1945 54 ir A A,
AT R B, AR P A 5 (7 22 1) 9 22 L 75 38 /Y
BRI U-B i R R, RIS LAE 5~6 S H
BFRT A R AT IX 4y, B 9 A A Zeh, ATt
7R U i Ak, (A F] 17~18 A~ A, 75
B S5 e ) AR IR A

IEAESR, S BT AR (e A B iR T
ILE M # W4 HLH . Friederici, Friedrich
I Christophe (2007)Lb# T 4 N A K AYFEIE S LA
BB LN B IR AL, ERP A5 R, B
VBT S A B LR I K s v, 2L
XHERE Y S REUE U, Cheng % A (2013)%
2T DUEB A LA 6 e B LIRS TR A i F
JIE, SEHEFM, 75 TUT3(T3 R bR eI &1 T,
A L= T IE 1) A9 2k DR C S (positive  mismatch
response, P-MMR), 1fii 6 A~H KIZ L= T
5 ALY 2R VL AL 51 3 (MMN);  7E T2/T3(T3 N
FRUERIBO A4, Bl LA LR E A MMR,
M 6 A~ H RATZ LB T P-MMR., A fiTIA A 42
LR AT 0% R S 0 22 S R R B e S L JR e e
R B (0 L SR o S L R AT AR B i S A 2
Y Chandrasekaran 2% A (2007)% i AJ8H1 T1/T3 A1
T2/T3 #J ERP B9, WA RIS R FI, A2zl
RV 174 D 22 TR0 95 B 0% 15 % R/ BE R MIMIN, 17
WL F a2 R0 RN AR TE R B L, 22 0
B & MMR 6] i 32 51 B2 LAl R0 3 244
RLEE 5

F 5% B L 75 18 0 B2 ) i, o — AN S
[P R )2, R LART B B A8 X B i 7 ) F0 3E )1
PR, kAR RETE R R 9 B AE ) T BT 4R R R
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MG bSO A RIS, 2L IR R0 08 1 A SR
K G A & A T AR, 2L R BETE 75
TRURRFRBE 1 N R Lo & A & Hh AR R XA
—ERRE BT DL, AN TR 2 R o e B
AR e JRAsE X AR 75 IR 75 A SR LR 75 R Y SR
B U-BUR A, Mg SOTiR, AR RAE
VTR T S A R S REE N A R e B AR
[ RAAE . R, FRATTIA N, 2LAE S B Pris iy s
PH R RE T R, AT BEANASR X 75 A R
RS, X PRI TE AN TE R A AR P I T
JUH R A e 1 0] 75 8] 5 A7 2% T ) R o TN T RE

TS0 AR A R, 2 S L O
HUE 1) ERP WFFEAT LD o AN [ 14 75 9 4 7 )
U, 4 7 2 LEE Z R A LI M Sy B 2 R
2SR, X8R5 N EmME R E 8.
KT HREF AL RS T 02 LA 5 PR B
MR ZHLE, A TP
2.3 FAEE1EE (tonal context)XT 55 IF 36 5 1 5 4Y

A

P P 9 5 R o A ASAS AR A 5 1 P A AR B 114
B R, LR SCREE P S AR R A AR R
ERMWVER . AR L PR E . SR A
MM, AT ARBRESRE SR E, BT SO s
T 0T SR R0 B R 4 5 R AR A Y, — RN,
FE R T B X0 ST VR B 5 e R T b AT . i,
TS ) SE RO T SCiE B (Francis, Ciocca,
Wong, Leung, & Chu, 2006; Wong & Diehl, 2003;
Zhang, Peng, & Wang, 2012), Francis 5§ A (2006)
BRI, M BT SCHE R Ry SRR, H AR i
U AT BRI A e T T B SO I YRR A
By, bR 7 R0 AR R S AR ) T g
T, Wong F1 Dichl (2003 )i 1] 535 1) = Fh -4
YES BARBE, A& B, T8l — H A5 A e
BARR P RIE ST T, 99.5%W BN A = F- ;1M 7E
TN s TR BE T, BN AT IR Y R RE
95.8%; i BE HY V- B B ATAL T v ) L g, )
91.9% 15 100 23 B B 1 o A1 -9 . Zhang 4§ A (2012)
5 FEABAR 3 T 2R X e . PR IRIE SR A
S W] LS O B YA M e A S, TP Y
FEMST & AR ST, BB AR W LR,
MAEATH 25T, D) 52 3 S 905 06 1 9 A X (Francis
et al., 2003; Zheng, 2010), Zheng (2010)it & L,
H AR A PR 5 185X R 0 1 R AN X A5

H AR A I8 J5 e 5 B S AR 2 0 H AR 7S 1 Y
A A S, THT & R AR 3
5B A, BT SCE SO 4 e
TERSE NS 2. —SERF5E R0, bR S
TE I PR AR A E . Fox H1 Qi (1990)
FEE T W@ M- B E R SRS R e, O R
T E AR S SRR H AR RS i R
B S B A5, AT A B, W 2% 1 % 7 30 o
MM E N HARTRE o Hofth —Seff gy 23R W, 15
5 BE A X 75 U8 DT 4 0 W A R B R 0 7 A
. Chen 1 Peng (2016)% 3 38 i ¥ —FHF- 3%
SEGLRIAT T FE R, EAR P 8 A T S RE S
ALV R S OB R e DA i I S <Rt %7
By, H AR S TSR R B 2R
T T BE AR, DU B fh ) R RN g B
Bidelman il Lee (2015)f% ERP W7t 25 £ W,
T BRI BN SIS 5E 55— b R E LS A
SEARAFTE W EAE s TR BE TR A AR e BE R
BRFI N, Y H bR 75 a0 8 R e 2 AT
R T SR E A A S L R R
SN UEA, T8 RS- 38 At 3 98 3 i) VR
AR, FATARA LR JLF R R TEE R .
e, YT VR ARG, O 2 O R R A B Y it
BERRAE, PO ASTR] A b 47 98 LA S th 47 8 5 oF i 2
(] F DX 43, 2 S R ARty R A (B0 4 it i A
o =, 5 HEIMHRAOCH R, T iR
S 25 MRS I 18 e A, s R P ) DT R A X £
A2 g 1y, PRI A5 X 1 98 B 1 1 2 A W
W, BB= AR RA RS, B, X
AT IR ) s AR BT R A 7 A B 2 0 A S B
F4, PRI T4 A R T H b A IR A AR T A
s R E R
2.4 RBE M (speech vs. nonspeech)X} FE i3 B
FNTE HY S0
VR Sy — R BORRAE, AR AR T B
Z Lo TEVMERIBETE 80 I 0 B A
R A T RO, RN SRR,
WUE P23 5200 75 R HE (19 JE 46 (Xu, Gandour, &
Francis, 2006),
MATRHEERAKT, AP 0TS R
W RIAETE T R, 7R 6 BEE 7 JR AR R
M BEATIX 43, I HLXHE & WA 1Y X 2 e A
B3 (Lee, Vakoch, & Wurm, 1996), JuBG{LHEEE H =



68 N R S i

%26 4

(Xu, Gandour, & Francis, 2006; Zheng et al., 2012),
AV 7 R T R P R P R R A SR A B
A, EE ARSI RE SR ER AR, JE
T IR B 2 % A R R Y 0 R S B
SR TEEALRRAE . B4, Xu % A (Xu, Gandour, &
Francis, 2006)7% £ | 3@ 1% 1 S 18 gl 8 32 18 1
FF-—BH S G G, 25502, R ERIES
SR 2 A T R, A R A A SR 45 2R
R I VWAL R, (AR TG AR MR IE
IR D R0 9 S 30 LS B AR Y Y AL AR AT

BT ERP WHFT 45 R 547 R SE 4 iy 45 38 i
A[A] . Ren, Yang Fl Li (2009)% %8 T i i B B Be i
RO AE T RO R R S e, 4
REW, ANEE = AR TS ROE &S S R
B, WiIEBELEN MMN AR EES, X
LI, B TE AR R B BN A AR BTN L,
TEZJG B B in e, RS 5 5 DI Re A S e
o R0, Zheng % A (2014) 45 A EH], XFF
155 W08, I ) R L RS R T R
KBS VCEC A4 (late mismatch component), T
X TUEF R, WIARAEAE X Fh A a8 N . AT TIA
Sy, SR EREAR L, JETE S RET A K R
T WERON, AT e T AE T B 7S 1
B F B2 BN A R, AT S R I
SEATE R A A B, Ve AR N R . D)
— T g R W B B 2 I B LA K S DR B R 1R 7
A A2 BT HL R S A L SRR A e e A i ——
RAETEH T MAEES AT, sal# e s 5w,
BAEEF R, FRlTHITaE R, 7
SMEWTSE R, RN LB, HaRE S R
L, o E R YE WAL B K (Zheng et al., 2012),

MU AT A BESE R E, IR TRk i 7
SRR SN R R B S A R AR AR, PRI R Z (]
AFAEZE EAE R o AN Y 7 I8 B 2 B B 1 7 O
B, 18 5 RO R 5 A Bl T IR e Y 3 Ak,
Wk 2 v, HAEXFEMT, gl h
8 75 A B A S RO TR T TR A S e
Vo T 7S BRSPS A iR R R R
AEBEE I, 15T RIS EAEE T RO A £ 5%,
B2 R R A B e A R A 5 8 B BR AR B
B R R A ek AT DR AL, B R AR S A
5 B AT RS FIWT, DR 5 RS AR T 5 0
WAFAEREES . BT ERP R4 517 04

RME T, BARDIEELE ERP UH5E P A
FTAFBEER, PRESTET, EREED
B, 03U PR REAS AR T R A BT R B

3 FRFRERRRE

AR SR P T R0 14 S I A TR AR 52 M) 75 5
WL I N R BEAT T IFIR, 58T A IR A JE W A 6E
SEIBORRTE L) RAE A b B AR T BTN

1) BReE 75 3 o T 0 e A R 1 i R TR R
fha? ARSI T FEA R LR SRR 2

2)BE T T 5O6H R Y W R 1 5 W 1 52 B
BEE R R G R B 207 BRI SRR T
PRI W R Y N T R B SRR R 7

3) B L7 I i W R i E ) Y e AR AR (B
7 A8 R R R, BL AN A Hi 2B
A WP LA DL A2 5 2

ABRTEE R ARRY TR SRR A el
SR A FH T 75 3 9 B ) 2

ARG SCHTIR, BRSO A A e A A7
R HLERI BT O 2 S —Se R, (EANA
Z AT AR, AT, ARARAYHETE AT LU
VAR JLAST5 Tt — 2P eIt

AL, VAT BRI 5 R R R e R 1] Y
KA I I B 2 A 9 LR v A S T
Btk . FURTAT M S B R WE T 45 1R W, A
AN TR] B 7 8] 4 R BE 1 B P S R B AR R, i
AR A A L 38 205 1 P 3080 O SRR Sy 3 2 7 i 535
Tl E R, FLAR R B BN S A L2 B Y i A
Ay X 5 R TC R o BN R AT T, o
i 22 RO A 5 & - MMING - Qi SIS H R
B, XrSs s R 2 3 T2 INR I, X5
1E5 A5 AR —E MR, JUHRA RS
DIRBNATITZAL, R T X7 52 B 45 R AN H.
Bad FARRE R T B (EL R X 235 SR AT 1] A PRAS, T
NI RIHERE T 1 S 5t i 0L B DL K
AR AL TT AT IR A A ECH) 73

W BSCHTIR, A7 SR A RAEAR R R I
5B AT SR TR v IR BB B B AR,
I3 T A7 O SR A5 R AR i R O TR IR, B
T A S A B SR I LG o AR AT A A AL
JE, RIVAS 22 2 T A ARABLRE, 2 7 BE NS 1 R ik T
A PP SR R, 5 MR R I A B ) TR 2R I
SEAt 2, HRAT TR A B A BREOR AT SR B



1 R fEAE R AT e K 2 AL 69

FEo M FHETEOFR R, X057 W HF5E L
FibE— P,

55, R BRI SRR IR A4 R
ARRBEFE AT AR — T LA A 55—, LATEWT
FE B SRTE R S AR A 5 ol Z 8 Y 22
5, BATIA ORI AR . AR IFFE
BT B[R] PR PR T R R R SR AR
Hen, BT R AR SR SR A R R T S R R A
BOAFEJRRE S 7 BB REEF RS ME %, 1E
JERIAR B PR I 2 MRy B T, BRI S
Xk P YR W S 2R, 32 R AR AR A AN
Wh— )=t WR— B BL? REIR 2R R i
FE RN 7 R AR 2w B A o S R
F7 RIS AR R BTS2 T, A REE A
o fif R RE T SO VSRR S B . 53 oh,

HOH SO A RE B AR, e R ST A
Do BUERITTE SRARR EE, M DUET SR
PR NI LT 207500 RAK AR %N
RAJBEWFFEDE T3 5 B AR B J7 5 A B0
RIBE, LA P R RS A 205 AR B IR AR
EXEDEE N

S, R TR A IR AL RE ) AR, AN
RISCHA, AHFFEN B ILE 7 8 R i & U-
Bk R . BATA N X R — 0 4,
AT LR A ST, I 5 N AR BEE P 4 2
TR FEREATER R o FTIERS HEAL I, Xt — 5
AT I RIRATHE, Bildn, FIREREES R U-
BERSBENEEREINEEZE R ARR,
B LARAE T P IR R BE T B K SR I £ R A
i F 7K F B 45, LR BE 1 75 9 A SR R
et A 5SSy Ah, PRI E AR I E A
JLX P PR S B P g R 2 L, A R — 2P
WFFE . IX ML LAY ) AR, 7R A R 2L
BRI SO B M S A S 2, B L
I o B P 8] B4 R B AT A (] B AR A, X
AT SR RLE, BT AT E#T I R , #R
8 5 5 22 4 FL A B S n UIR AT ST

SR, G T TR B X A R R S W A ) R e
FA 22 SR B A 45 82 — 20y, B, fE s 2 0F
sE AR L ARG TR R BB L R e A Y
I I R A I R R AP BRI K B
PEREBE R ANGR o G0 B STk, FATTAE I 5 R
SRR B S 5 PEAR G o E G J5 ™ BB Rij S5 T BT

SR RN X BR 25 R, A TGk U T R S A 2
ARV W5 B B W B ) B o X — [l R g R B T
i BAE W LA TR Ah, AU RS IR W
WV EZ .

feJa, BRRT S AR A R X
R 5 R R )V R A L R R, BN,
SIS TN 1 B R 14 52 ) P R R 2 I P
W Z AT 22 5 . B2, 3K PURR PR 3R 2 ey B
MR AR, BT 8] SO A e 36 [ R A Y e 7
A AT BT

SE 3k

BRI, (2016). AT T AT A1 9 B T 22 A8 5.
JERUREE

X YE. (2015). K 35 A A 57 0 7 AL 1L o] JE 7 0 1 6
W EEHT T Z (T 22 A0 30). AEBUR .

BY L. (2012). £EZLE 5 XS 2K 37 23 v 75 08 7 W 1 AT
B9 22 AL 8 30). B RTR .

EHE, 2350 (2010). VLAY T BEF A0 LA HE
YERL. 22k, 42, 899-908.

THLE, xIE4E, WEE. (2017). MVEWEEKAIE F KGR F
0 BH S £ 18 B —— e 18 L PRIE BH P A0 L A AR B B A
W ZRECER). 7HEESFRE 7 #) (pp. 18-27). db
5t i EAE R L

EHE, HAH (2015). i1 5 7 BE A0 LA A
T IR g3 ———SHe 1 S B0 BT 0d 75 R Y I U 4 SR I R
i E RIS, 14, 337-352

FKRARZE. (2010). AR 2AEDOE AR RVEAL I 0. &5
HFEGOITL (3), 9-15.

Abramson, A. S. (1979). The noncategorical perception of
tone categories in Thai. In B. Lindblom & S. Ohman
(Eds.), Frontiers of speech communication research (pp.
127-134). London, UK: Academic Press.

Bidelman, G. M., Gandour, J. T., & Krishnan, A. (2011).
Cross-domain effects of music and language experience on
the representation of pitch in the human auditory brainstem.
Journal of Cognitive Neuroscience, 23, 425-434.

Bidelman, G. M., & Lee, C. C. (2015). Effects of language
experience and stimulus context on the neural organization
and categorical perception of speech. Neurolmage, 120,
191-200.

Chandrasekaran, B., Krishnan, A., & Gandour, J. T. (2007).
Mismatch negativity to pitch contours is influenced by
language experience. Brain Research, 1128, 148—156.

Chandrasekaran, B., Krishnan, A., & Gandour, J. T. (2009).
Relative influence of musical and linguistic experience on
early cortical processing of pitch contours. Brain and

Language, 108, 1-9.



70 O B R R

o526 %

Chen, F., & Peng, G. (2016). Context effect in the categorical
perception of mandarin tones. Journal of Signal Processing
Systems, 82, 253-261.

Cheng, Y. Y., Wu, H. C., Tzeng, Y., Yang, M. T., Zhao, L. L.,
& Lee, C. Y. (2013). The development of mismatch responses
to mandarin lexical tones in early infancy. Developmental
Neuropsychology, 38, 281-300.

Fox, R. A, & Qi, Y. Y. (1990). Context effects in the
perception of lexical tone. Journal of Chinese Linguistics,
18,261-284.

Francis, A. L., & Ciocca, V. (2003). Stimulus presentation
order and the perception of lexical tones in Cantonese. The
Journal of the Acoustical Society of America, 114, 1611—
1621.

Francis, A. L., Ciocca, V., & Ng, B. K. C. (2003). On the
(non)categorical perception of lexical tones. Perception &
Psychophysics, 65, 1029-1044.

Francis, A. L., Ciocca, V., Wong, N. K. Y., Leung, W. H. Y.,
& Chu, P. C. Y. (2006). Extrinsic context affects perceptual
normalization of lexical tone. The Journal of the Acoustical
Society of America, 119, 1712-1726.

Friederici, A. D., Friedrich, M., & Christophe, A. (2007).
Brain responses in 4-month-old infants are already language
specific. Current Biology, 17, 1208—1211.

Fry, D. B., Abramson, A. S., Eimas, P. D., & Liberman, A. M.
(1962). The identification and discrimination of synthetic
vowels. Language and Speech, 5, 171-189.

Hallé, P. A., Chang, Y. C.,, & Best, C. T. (2004).
Identification and discrimination of Mandarin Chinese
tones by Mandarin Chinese vs. French listeners. Journal
of Phonetics, 32,395-421.

Jia, S., Tsang, Y. K., Huang, J., & Chen, H. C. (2015).
Processing Cantonese lexical tones: Evidence from oddball
paradigms. Neuroscience, 305, 351-360.

Kaan, E., Barkley, C. M., Bao, M. Z., & Wayland, R. (2008).
Thai lexical tone perception in native speakers of Thai,
English and Mandarin Chinese: An event-related potentials
training study. BMC Neuroscience, 9, 53.

Krishnan, A., Gandour, J. T., Xu, Y., & Suresh, C. H. (2017).
Language-dependent changes in pitch-relevant neural
activity in the auditory cortex reflect differential weighting
of temporal attributes of pitch contours. Journal of
Neurolinguistics, 41, 38—49.

Lee, Y. S., Vakoch, D. A., & Wurm, L. H. (1996). Tone
perception in Cantonese and mandarin: A cross-linguistic
comparison. Journal of Psycholinguistic Research, 25,
527-542.

Liberman, A. M., Harris, K. S., Hoffman, H. S., & Griffith, B.
C. (1957). The discrimination of speech sounds within and

across phoneme boundaries. Journal of Experimental

Psychology, 54, 358-368.

Liu, L. Q., & Kager, R. (2014). Perception of tones by
infants learning a non-tone language. Cognition, 133,
385-394.

Luo, H., Ni, J. T, Li, Z. H,, Li, X. O., Zhang, D. R., Zeng, F.
G., & Chen, L. (2006). Opposite patterns of hemisphere
dominance for early auditory processing of lexical tones
and consonants. Proceedings of the National Academy of
Sciences of the United States of America, 103, 19558—
19563.

Mattock, K., & Burnham, D. (2006). Chinese and English
infants’ tone perception: Evidence for perceptual
reorganization. Infancy, 10, 241-265.

Mattock, K., Molnar, M., Polka, L., & Burnham, D. (2008).
The developmental course of lexical tone perception in the
first year of life. Cognition, 106, 1367—-1381.

Peng, G., Zheng, H. Y., Gong, T., Yang, R. X., Kong, J. P., &
Wang, W. S. Y. (2010). The influence of language experience
on categorical perception of pitch contours. Journal of
Phonetics, 38, 616-624.

Polka, L., & Werker, J. F. (1994). Developmental changes in
perception of nonnative vowel contrasts. Journal of
Experimental — Psychology: ~Human Perception and
Performance, 20, 421-435.

Ren, G Q., Yang, Y., & Li, X. (2009). Early cortical
processing of linguistic pitch patterns as revealed by the
mismatch negativity. Neuroscience, 162, 87-95.

Rvachew, S., Alhaidary, A., Mattock, K., & Polka, L. (2008).
Emergence of the corner vowels in the babble produced by
infants exposed to Canadian English or Canadian French.
Journal of Phonetics, 36, 564-577.

Shen, G. N. (2015). Perceptual learning of lexical tone
categories: An ERP study (Unpublished doctorial
dissertation). Columbia University.

Shen, G. N., & Froud, K. (2016). Categorical perception of
lexical tones by English learners of mandarin Chinese. The
Journal of the Acoustical Society of America, 140, 4396—
4403.

Studdert-Kennedy, M., & Shankweiler, D. (1970). Hemispheric
specialization for speech perception. The Journal of the
Acoustical Society of America, 48, 579— 594.

Wang, W. S. Y. (1976). Language change. Annals of the New
York Academy of Sciences, 280, 61-72.

Wong, P. C. M., & Diehl, R. L. (2003). Perceptual
normalization for inter- and intratalker variation in
Cantonese level tones. Journal of Speech, Language, and
Hearing Research, 46, 413-421.

Wu, H., Ma, X. H., Zhang, L. J., Liu, Y. Y., Zhang, Y., & Shu,
H. (2015). Musical experience modulates categorical

perception of lexical tones in native Chinese speakers.



1 R fEAE R AT e K 2 AL 71

Frontiers in Psychology, 6, 436.

Xi, J., Zhang, L., Shu, H., Zhang, Y., & Li, P. (2010).
Categorical perception of lexical tones in Chinese revealed
by mismatch negativity. Neuroscience, 170, 223-231.

Xu, Y. S., Gandour, J. T., & Francis, A. L. (2006). Effects of

language experience and stimulus complexity on the

categorical perception of pitch direction. The Journal of

the Acoustical Society of America, 120, 1063—-1074.

Xu, Y. S., Gandour, J. T., Talavage, T., Wong, D., Dzemidzic,
M., Tong, Y. X., ... Lowe, M. (2006). Activation of the left
planum temporale in pitch processing is shaped by language
experience. Human Brain Mapping, 27, 173-183.

Yeung, H. H., Chen, K. H., & Werker, J. F. (2013). When
does native language input affect phonetic perception?
The precocious case of lexical tone. Journal of Memory
and Language, 68, 123—-139.

Yu, K. K., Wang, R. M., Li, L., & Li, P. (2014). Processing
of acoustic and phonological information of lexical tones
in mandarin Chinese revealed by mismatch negativity.
Frontiers in Human Neuroscience, 8, 729.

Zhang, C. C., Peng, G., & Wang, W. S. Y. (2012). Unequal
effects of speech and nonspeech contexts on the perceptual
normalization of Cantonese level tones. The Journal of the
Acoustical Society of America, 132, 1088-1099.

Zhang, L. J., Xi, J., Xu, G. Q., Shu, H., Wang, X. Y., & Li, P.

(2011). Cortical dynamics of acoustic and phonological
processing in speech perception. PLoS One, 6, €20963.

Zhang, L. J., Xi, J., Wu, H., Shu, H., & Li, P. (2012).
Electrophysiological evidence of categorical perception of
Chinese lexical tones in attentive condition. Neuroreport,
23,35-39.

Zheng, H. Y. (2010). Categorical perception of lexical tones:
Behavioral and psychophysiological study (Unpublished
doctorial dissertation). The Chinese University of Hong
Kong.

Zheng, H. Y., Minett, J. W.,, Peng, G, & Wang, W. S. Y.
(2012). The impact of tone systems on the categorical
perception of lexical tones: An event-related potentials
study. Language and Cognitive Processes, 27, 184-209.

Zheng, H. Y., Peng, G, Chen, J. Y., Zhang, C. C., Minett, J.
W., & Wang, W. S. Y. (2014). The influence of tone
inventory on ERP without focal attention: A cross-language
study. Computational and Mathematical Methods in Medicine,
2014, 961563.

Zou, T., Zhang, J. S., & Cao, W. (2012). A comparative study
of perception of tone 2 and tone 3 in Mandarin by native
speakers and Japanese learners. In Proceedings of the 8th
international symposium on Chinese spoken language
processing (pp. 431-435). Kowloon, Hong Kong, China:
IEEE.

Categorical perception of lexical tone and the neural mechanisms
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Abstract: Categorical perception (CP) refers to the ability that listeners can distinguish cross-category
stimuli, but cannot discriminate different stimuli within the same category. The degree of categorization for
lexical tone perception may be influenced by the acoustical similarity of different tones. The perception of
two similar tones seems to be less categorical than that of dissimilar tones. In addition to the internal
features of tones, the factors influencing the categorical perception of lexical tone include language
experience, age, tonal context and stimulus type (speech or nonspeech). The use of electrophysiological
techniques has advanced the study of categorical perception of lexical tone, and is expected to be helpful in
solving more theoretical problems.
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