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E LIMMN, p-MMR {ERBGHERC A R RSB, PRI 2~4 % DUHEE ) L2 B B B P i

A 2K DT IE MR IS, 60 Y 4R I AV 22 R/ NS R 20t LB SR K ORI . 558 R . 7 T 1) Ko f 22 4514
T(TUT3), FHEH BN MMN; 7E7EE N/ MRS T (T3a/T3, T3b/T3, T2/T3), #AFEL BEA MMR, £,
2~4 G EEIE LI E AL T BRI BE A0 & A R, 50 (5 BRI 2 (5 B ) 5 i LA T

KR
DES

i LS IR, PR 2R
B844; B342

el

PR R T T B OGR4y, A R R B AT
PR BREAALE B o 2R DR AR S R TR Y
T E e, RN R LTS E AR R
AR EAOTE . ST Boa L, B IXHE
RESCHAER, teinEETEA 4 S, B 4 4
FERE AL, &1yt MR 75 R B AN [ A A [R5 S
R (T ), B(T2: M), B (T3 i),
(T4:REH) . R A I B BRSO TR], [/l —
T R, ELAR Y 7 R AR R LS 2R AR I N R A —
B, H R R R T REE B AR BR AR S A R
Fre 15 b iEwEag /5 X 70 JF . Xi, Zhang, Shu,
Zhang Fl Li (2010)% H T w4 PN (within-category) Fl
YU % 0] (across-category) 14 Il ke [X 43 75 I Hh Ji #5
WRIPZEAE ., JuwE N I S A A A E R B
255, I W [R) 1 0 T 7 2 R AL AR B T T AR
NGRS

ZH 4 AH % H.f57 (Event-Related Potential, ERP)#¥
AR DLERSE DT L EE KMk 300 s BEobE i A5
AR, ORI AR MY )L TS B A AL
TH, XFILESFBAR ERP WFFTUER] T 2Dt
B I 7 5% 43 MMR (Mismatch Response), 144 VT
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fil /13 MMN (Mismatch Negativity)F14< VTt iF )%
p-MMR (Positive Mismatch Response) & &l JL#
7 R AT A R PR (Lee et al., 2012; Cheng et
al., 2013; Cheng & Lee, 2018),

BN Y MMIN G 2% B 5 e 53 A 1Y 6708007,
J2 O 22 Y ERP U8R ARE R Y ERP 1531 1Y
(Winkler, 2007), H.3% KW 7E 100~250 ms Z [
(Naitianen, Paavilainen, Rinne, & Alho, 2007), £
F5T 5B 24 8 A0 45 /)M (Trainor, Samuel, Desjardins,
& Sonnadara, 2001; He, Hotson, & Trainor, 2007,
2009a, 2009b) 35 A7 8 R i 222 8 2z (] 1) 2 =
FE#E/MMorr, Shafer, Kreuzer, & Kurtzberg, 2002;
Kuo, Lee, Chen, Liu, & Cheng, 2014)f 2> Hi 8
p-MMR ., 3 4 AN [FRE WG R A, BT = A
PRI PR AN MR B 22 5, LA T, T2,
T3 J9fi), T1 1 T3 (922 5+ R 8 b T2 Al T3 1922 5+ 4%
JEERIRZ: WNEmeE A, T1 2Kk level
tone), T2, T3 #RZ M #TV8 (contour tone); M E7K
&, T1MFEARELL T2, T3 MIRZ; HRAE X HIA
[F]—VEF AT 55, 7ENTIER | T2 F0 T3 s H H A LA
75 8 B8 %37 (Chandrasekaran, Krishnan, & Gandour,
2007), A, T1. T2, T3 WA N THEPIIEH
R ORE, o TUT3 8k AR b K i 25 X (large



5 6 1]

WG 45 2~4 % %30 5 L BT R B 7 R R AL 731

deviant pair), T2/T3 #EF% /M 22 % (small deviant
pair). 7EMAMFGEH, JEWERIR /)M 22 JER <>
PRI A MMN, Forb KR 22 % Brif & 1) MMN
SRR R, VAR T KL (Cheng et al., 2013; Yu,
Wang, Li, & Li, 2014; Yu et al., 2017),

— 2 DADUE I 5 LB SR X 4L ERP
WFFE R, Km2ZExr TI/T3 Al LIk 0 % JL#EW
p-MMR, FHH7E 6 Higm44 6 MMN (Cheng et
al., 2013), A5 FH A KPR AL S il T 15 Jek
0 22 HL ] B 2 (Kushnerenko, Ceponiene, Balan,
Fellman, & Niitinen, 2002). HABHF7T % B Kl 22
X TUT3 AILLFE R 1~2 Z L . 4~6 5 LERET)
MMN (Cheng & Lee, 2018; Lee et al., 2012), K22
XTI HIBILA 1) 2 i R R 40 LA — 3, i /)M 22 X0
A IE DU LU ST 2% T o F43 WF5E 3R W /MO 25 Xt
T2/T3 A L5 & 6~18 1~ H JLFE (Cheng et al., 2013;
Cheng & Lee, 2018)#1 4~6 % JL# 1) p-MMR (Lee et
al., 2012); {HYEHi 4 JL(Cheng et al., 2013)F1 2 2 4F
#44H (Cheng & Lee, 2018)H, /Mg 22 %F T2/T3 BEA
B p-MMR WAE R MMN; AT 1 4~6
B )LEBAF AT KT MMRs 1915 6L (PhEE,
2016), 3R 1 2% L ROF T b A DU 58 T
DL P B R 22 AL ) & R k4% (2 % AT 4t 4k
FIKR, 4 2 LUEKHHEIA ),

F 1 OIELEIEI/LEFABRMMBEHH A RBIKE
AEIR T1/T3 T2/T3

A LA A 13 XIN)  p-MMR JG MMRs

6 HitdH(6 ~H 15 XN)  MMN  p-MMR

12 A#d(11; 22~12; 14) MMN p-MMR

18 AW (17; 25~18; 17) MMN p-MMR

24 Hi¥4H(24; 1~24; 18) MMN J& MMRs

3% KA K

4 B (4; 1~4; 11) MMN 55§ p-MMR 5 JC MMRs

5 ZH(5; 0~5; 11) MMN  p-MMR G MMRs

6 % 41(6; 0~6; 11) MMN p-MMR 3 J& MMRs

IR 1] LA 7R L P AR e 22
MUK ZE 7 1T, Bk= 2~4 4RI BERBE R,
JEH I TEA IR R TG, RATIEHEN 24
WA BOLE R A RIEAILE . S35b, 1T B R
XANMERY B L 2 UERf SR T1 A T4 7475 00,
BT P 2R AR FU BRI T2 F1 T3 3FF 7R IR A
(Hua, 2002; Wong, Schwartz, & Jenkins, 2005; Ma,
Zhou, Singh, & Gao, 2017), H Fij i JCHh 2 ML 7 i

FWTFE S A AT ARG AT ENIE . BRI, A
WFFELL 2~4 2 PUEM i h LB AR S, BEEH
FE VR s 22 AL o 5 RS A R AR B BT Y R
25 B AT B AE L EE 1Y A R S AT RE
FEVE, 0T AR ST BIr ek ) i 22 X6 1 A 415X
AR FIEGTT, BOAS I 5% 7 5 TS s 1] /)M 22 34
W (yil/yi3; yi2/yi3)y 3kt L, A s iy R
i 22 K14 (vi3a/yi3; yi3blyi3), %8425 K /IMETL %
) RIS A PR S50 R, IR A A5
Fis 2205 B LT B I AE R .
AWFFE T 2~4 2 )L 1E AL T 75 PR B RE 1 1)
R, IR U B B L B B8 I T b /8% 5
T1/T3 W25, (HEXF T2/T3 H25 5950 14 R 35 2
B E A T, X AMESL T, AR T ABFSE B
R, TUT3 25K B3 MMN, i T2/T3 nJfEiE A
p-MMR A BEAS I BLE i ) MMR 547 i )L
S RE LR R 5 A 2R E R A G, A T3/
T3 &R TUT3 #MF Y MMN W43, T3b/T3 5
T2/T3 WA LREF—B, i 2205 B A fF
BEALEVEA T ILE M A RS, RAHR¥ER
) T3a/T3. T3b/T3 5K MMR B R TR

AR 2R A S E B 250 TU/T3 M T2/T3,
2 H
2.1 #ik

32 44 2~4 B PUEEEIELE A S 5558, 4
% b T O ] R R 2 R SR AT T LB AT tiral
BHEAR 30%89JLELEE . 16 4 JLEEHE A
g, HhBE 7 N, &L# 9 A, FHFR 3
BAPTH@EE: 22 6 MA~3 % 101 H), ZKEAH
oy L el e FH 3 0% 5 LB AR I . T B I
W, WHIER, SELRAMEESELRBYIEYR, T
RGNS . LB BGEZSL 25 . SE5
A5 P &% 7 0 A 328 (Denver Developmental
Screening Test, DDST) (11X, 2016)%f JLE 1T
TP, IR ZE I TR o 1l A SRR T B AN
(EKFERIE ).

22

SO AT P . VO BE R ARGL 1R
T RN CR AR 2)

21 A =AY yil (T1), yi2 (T2), yi3 (T3),
EATERAE R — A oni (], HEE s EARE, &
TARIEWS g = A5 1 yil (T2 e P, 5
WIAE 250 Hz Zidas & 719 yi2 (T2)J2 i THiR, A
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200 Hz FTF% 245 Hz; &35 yi3 (T3)2 KR, i
BN 195 Hz K5 %2 155 Hz f91 7+ % 200 Hz, T3 &
FRuER, T1 1R RAmZERIF, T2 1R/ i 22 5
W B Lo PR S TR RS SR, LA 16 f7ig SR,
KFEFR N 44100 Hz,

H 2 S =G yi3 (T3), yi3a (T3a), yi3b
(T3b), X = A3 H A 050D it 47 B2 b i 25 5,
Wrigk BARIE 175, J& T A —Jamiig =45 H . Horp
T3/T3a J& T KAw 2= %, T3/T3b J& /M 2= %F . Hi
T 8 T2 A1 T3 A A0 7 I8 22 4 (1 — 2H S A

300
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) =
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T3b FFRAERI T3 BYREIFEIE S T2 F1 T3 BY[a]FE
HE AR (A 2), FEA0 193 Hz %% 103 Hz F = T
% 164 Hz,
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JE FEFSEITHR] 4351 8 70 dB A1 250 ms. 15 44 A
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23 WRER

1K F actiCAP HL R MR AR 7E — > 151 I =2 5 A
S ETAE AR R — A JE A B H ks e, gk
IERTJ 29 70 cm Zb—XFBIWALL 70 dB A9 75 5 5 B At
PRI S2 2R FH 20 22 oddball {53, SCHGRE TG
AR 20 MARHERIEL, 5 5P 1000 4 trial f14G
80% FBRERIE, 10%H) KA 22 H, 10%H /)M 2=
F R O BB G 52 SR, AT A O 22
S35 e 2 20 1) B R A R R o B3 trial PO RREEIS
8] & 250 ms, Al MEIBE S 500 ms. P4 SE56 7R P 58
S HITE], BEICH I 2 20 434, 41 Fng 2 LB
SRR S S5 U B AL, AR SIS RS R E 10
S AR — 4155

2.4 BXEICE

i/ Brain Products 2\ F 4 ;=) actiCHamp32
SR RS iC ¢ EEG. EEG ic s 07 A [EH br
10-20 &4t ic % FP1, FP2, FPz, F3, F4, Fz, C3, C4,
Cz FIXUNFLZE TP9, TP10 [N HL (5 5 o fE LR ML SE i,
FPz VE R4 MR, Cz fE A S5 Bl R FEZ 500
Hz/%, Kk H /N T 5kQ,
2.5 ERP HESHH

B 2R Ab F AR ] Brain Vision Analyzer 2.1 i B
AR, B UM FL -5, BRI
A T8 R 1~20 Hzo BORIBEHT 100 ms 2 %S
500 ms [ 600 ms M4BT R, [ B IE R AR 50k
W, PRI T+ 100 pv B9l g FE R Thilk 3 2051
R, TALRS BT B S5 AF R AT Y trial 54
H e 30 L b S5 Jm %4 S8 25 1 175 & 14 ki

A
-4
-2

F3 o1-

1
1
1
1
1
1
1
.

1

HAS St rEhn, ®FELUT 6 AR Eid
SEM ERP WIE T 41108 F3. Fz, F4. C3,
Cz. C4.,

3 4%

MMN 0 p-MMR 89 7] S 144836
SEE )R £ 1% % MMN RY 7] 15018

R S 4y 5 34 38 i RN RN AUE Y 45 2R (Kaan,
Wayland, Bao, & Barkley, 2007; Wang, Wang, &
Chen, 2013; Yu et al., 2017), #%E# 150~300 ms 1EH
MMN A 5[] 5, MIMIN SF- 257985 16 A 0 26 0 355075 % 1
ERP U EAr eI E0A & B9 ERP B2 530 . ARG
BEME T IIAYERTE Fz MRS AL 22 53 0 10 B
R 23 HT IR, Fz B A 535 & MMIN 76 31 35
SEILE 220 ms TAFEE(E, DI04 1] 9 30 45 X 30 ms
VE R 43 BT I 6] 7, e 28 43 B B5F (8] 20 Sy 0 38 2 B S
190~250 ms, AS[]RIETE A& AR S 75 & 1) ERP
SOFSBIIE I E 4 FiR o

TR [R] 114 22 R BCFIARAE R EZE 190~ 250 ms
IWFE F3. Fz, F4, C3, Cz, C4 A HME ERTG
H ERP [HF- YR IEEAT O REAR T Ko, 2550 3%
WY = S ) R i 22 (T 1) AR HERITEL(T3)TE 6 1
R B I 25 S 2 . 7 F3. Fz. F4,
C3.Cz.C4 75 MRS EIR, T1 H T3 78 190~250 ms
AT — TG, B R 25 XEFE T IE 6 A Fa AR
S EERE L T ATEERY MMN, K 22 5 3545 b o )
PIAE 190~250 ms R [A] 77 P 24~ 22 98 1 s o 22 G
£ 2 FiR.
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734 AL B 2 Eild ERVES:
R2 SEBEXRENESRERBNEYRBEQV)FIREES
R T1 T3 T1-T3 t(15) p Cohen’s d
F3 —0.65 (2.44) 1.34 (2.12) -1.99 (3.33) -2.39 0.031* -0.87
Fz -1.53 (3.71) 1.87 (2.01) —3.40 (4.08) -3.33 0.005* -1.14
F4 —1.47 (3.63) 1.62 (1.97) —3.09 (4.44) -2.78 0.014* -1.06
C3 -1.53 (3.18) 0.99 (1.69) —2.52 (3.84) -2.622 0.019% -0.99
Cz —2.22 (4.71) 1.17 (1.47) —3.39 (5.82) -2.33 0.034* -0.97
C4 —1.58 (3.73) 1.25 (1.84) —2.83 (4.56) —2.483 0.025* -0.96

e *p<0.05; 55 NIEFRIEZE, FH

TR I 1] /)M i 22 303 (T2) S AR TR (T3)7E 6 1>
HLA i B AP R 25 S AN 3 . 7E F3. Fz. F4,
C3. Cz. CARMHM SRR, T2 Ik T3 78 190~
250 ms 205 [ E—A T A, ERATE ) K
/I 2 )38 S5 AR HERETE 190~250 ms B [H] 1 Y Y
PR R PR AE 2 ANk 3 TR .

25 b, e ) R 22 RECE B A F A A Bk
TAIEER MMN; ] /)M 22 B B7E 190~250 ms
T T —AN T, HARIEE] R K
3.1.2 JeBEANmZEIF L MMN B A 4010

SRR 1 AR B 5 i e i IR, e AT

I 8] B A R IS 190~250 ms o AN [) il e 44
FLAR 5 B A& 19 ERP B R AnE 5 BiR .
XT3 W PN e 22 0 R bR E R B 190~
250 ms WITSI#E ERP AYF-I U IRIEA T O FEAS ¢
Ry o 25 SRR Y P R 2 R (T3 ) b o )
P(T3)TE 6 MRS LR PR E R AR E . &
F3. Fz, F4, C3. Cz. C4 AT HEM S B, T3a #R%
AR T3 2250 WA . TSN K In 22 505
FRUERIBLAE 190~250 ms a1 2 P 1 247 i 1 A
HEZEUNER 4 PR o YW /M 22 118 (T3b) 5 bR e
P(T3)TE 6 D HRS LR PR E R AR E . &

F 3 SEREIE/MEE RIS fRAERDH R T IRIE (V) FIARAEE
LR T2 T3 T2-T3 t(15) p Cohen’s d
F3 0.81 (4.00) 1.34 (2.12) —0.53 (4.04) -0.53 0.606 -0.16
Fz 1.68 (3.71) 1.86 (2.01) -0.18 (3.56) -0.20 0.844 -0.06
F4 0.59 (3.82) 1.62 (1.97) ~1.03 (3.56) -1.12 0.266 -0.34
C3 0.46 (3.54) 0.99 (1.69) -0.53 (3.75) -0.57 0.575 -0.19
Cz 0.76 (3.57) 1.17 (1.47) —0.41 (4.05) -0.41 0.687 -0.15
C4 -0.10 (3.68) 1.25 (1.85) —1.35 (4.49) -1.20 0.248 -0.46
A : ..... A : ...... A : ......
1 I 1
41 nt 4
1 1 1
-2 1 . -2 1 -2 1 -
Lo o 0N L. Py re o
F3 0.-:-3{_:&__ _____ GiwtysN- Fz 0 .3,_?,%‘ _____ AxZiaT--- F4 g ?_u?:%____ ’_..;_,e::?.:____
I N R S N B W O
2 I A Y O /
1 Y 1 3 1
2 I 3y W
1 o 1 . ! [
-100 0 100 200 300 400 —-100 0 100 200 300 400 —-100 0 100 200 300 400
A : ...... A : ------ A : ......
—4 : —4 i —4 :
1 1
-2 i -2 i l/\'.\\ -2 i ~
. K Ve IN_1 » " . ~-
C3 OFARN et Cz 0 M S TSRS C4 ot LT
! Y ol 5 S AT h é LIRS
2 BN li 21 v 2 | \ /
1 \ ol 1 1 s >4
a0 F S % 2
; o i 7 o i _
T Ll r L T >
—-100 0 100 200 300 400 —-100 0 100 200 300 400 —100 0 100 200 300 400
______ T3a (KIRZEHRK) v T3b (MBEZERIE) === = T3GHRHER)

& 5

YW AR TR HI05 & 1) ERP RS2 0% (BRI . 190~250 ms)



%6 WWing 4. 2~4 2 838 U LB T Y B R s AL 735

F 4 SEREA KR E RS ERER KA AR (V) F 5 SEREA/IMRE R S BRI R AT AR (nV)F
REE EE

ik T3a T3 a3 1 p oM W T3b T3 b3 1 p Conens

F3 1.77 (2.88) 1.18 (2.34) 0.59(2.23) 1.05 0309 0.22
Fz 1.25(3.65) 1.03(1.92) 0.22(3.23) 0.28 0.786 0.08
F4 1.87(3.58) 1.13(2.63) 0.74(2.92) 1.03 0322 0.24

C3  0.78 (2.15) 0.66 (1.37) 0.12(2.39) 0.20 0.844 0.07

Cz 1.01(2.76) 1.66 (1.91) _(222) ~0.73 0.476 —0.27

C4 1.04(3.19) 0.86 (1.52) 0.18 (3.17) 0.22 0.827 0.07

F3. Fz. F4, C3. Cz. C4 ;NAHLMfS L, T3b #iik
A T3 250103 JonE N /M2 1% S
FRUEFIELAE 190~250 ms A ) B P 67 25 30 s Al A
HEZE N 5 Frn . WAl ul, JumEN K. /Min2E
RiF L T HE R MMN,
3.1.3 SEBFERZEIF A p-MMR B 7] 4018

A5 2 B 25 338 DX A X R L A8 K | B
2774 p-MMR 843, p-MMR #3055 400 i o s
K, T FE A p-MMR 1Y H BT SN B
BRI, p-MMR ] BEJ& MMN 471 & (Kushnerenko
et al.,2002; Lee et al., 2012; Cheng et al., 2013), % &%
JUBEE /MR 2E X ] BEE & 2~4 % JLER) p-MMR, X}
HITA & 1 p-MMR 47 ] SEHAG L

MR 22 TP I8 FaT AWFFE 45 5 (Cheng et al.,
2013; Cheng & Lee, 2018; Lee et al., 2012), i#%E#
150~350 ms 7F -y p-MMR [ E] B, 70 B4 8] /Mg 22
SFEONT T 5 | JE A 1 I8 AR AR X A B T) 2 PN o AR R A
BARTE Fz FL AR S AL 22 S5 0 1 S 347 0 Wl o o
INFIA] 15, Fz F AR s 175 A 7E R A B 298 ms 3k 3] U

F3 1.36(2.25) 1.18 (2.34) 0.18 (1.89) 0.38 0.713  0.08
Fz 1.43(2.54) 1.03 (1.92) 0.40 (1.64) 0.99 0.339 0.18
F4 1.86(2.28) 1.13 (2.63) 0.73 (2.05) 1.43 0.173 0.30
C3 1.05(2.11) 0.66 (1.37) 0.39 (1.59) 0.99 0.340 0.22
Cz 1.68(3.20) 1.66 (1.91) 0.02 (2.12) 0.04 0.970 0.01
C4 1.09 (1.36) 0.87 (1.52) 0.22 (1.34) 0.67 0.515 0.15

R, NI 06 1) R 121 45 L 30 ms A A 43 Bisf 17 1 e 2%
A3 AT S A 7 A ) S B 268~328 ms., p-MMR
ST SA I Ry et 22 05 A i BRP ik 25 A v A
KB ERP Y22 508 o 22 SR AR THE S EORH Ul e
B2 5PN 6 PR .

Xf/ME2ZE X E F3, Fz, F4, C3. Cz. C4. 5
W 175 K 1 p-MMR 1T 435 -5 287K OSF (4 SRR AR
t RGBS, S5 R /MR 2EXHTE 268~328 ms 4k 5[
T—AIENE, (A¥RIEE) 8 E AR, B2 X%
BIFER 2~4 % PUET @G ILESER p-MMR, /)
it 22 RS A HERBOT 5 1 1Y 25 5 EAE 268~328
ms S A] 2 P 087 278 i R AR v 22 A 3R 6 R o
3.14 SEBEARZEIF K p-MMR By 0] E LS

yida, yi3b 5 yi3 [FlJ@ T — -k, XAorxERE
ek, RATRETE & p-MMR A4%, K6 s Py 79
Tl 22 7K ST R IOV & 75175 & p-MMR 845 2K
520 1 A RN 7 20 8 Fe 253 A st T) o A fl) 38 2 PR
J&i 318~378 ms. YW K . /1M 22 5 bR R
AHIEAS 2 Y 22 5 B an i 7 B

A A A |
—4 i -4 i -4 i
) | -2 i -2 |
F3 0 oS " —,\—/{_—;7—— Fz 0 .7 ‘;) """ T F4 0 VAR Ve &
2 i 2 | 2 I
o a0 o
—100 0 100 200 300 400 ~100 0 100 200 300 400 ~100 0 100 200 300 400
1 A ! : """
A ! ' i
4] -4 ! s
1 : -2 :
-2 1 -2 i 1
Y o~ \_=/-/_jf_ Cz ¢ A - N l-'\_/_}_/_ C4 0 >'&—
0 \ N\ ' o~~~ i
2 | 2 : J 2 1
. i 4 !
4 ! 4 1 !
—-100 b 100 200 300 400 —-100 b 100 200 300 400 —fOO 0 100 200 300 400

T2-T3

T1-T3

P 6 eI /)i 22 R0 -5 s o SRR a7 81 ) 22 57 0 LU (T TRT 7 = 268~328 ms)
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A L A e A L e
2] ol ]
1., 1] P A
T e il o s e B i A
1 Y 1 poE ' 1 :
1 1 1
2 i 2 l 2 I
1 - ! [ ! »
T T T T T Ll T Ll T T T T T Ll
—100 0 100 200 300 400 —-100 0 100 200 300 400 —-100 0 100 200 300 400
A A A
1 1 I
21 -2{ | 21
-1 ! -1 | -1 ;
T : .: : s !
C30f Mg st A b7 Cz oo e e iy i C4 0L AICEN AN N -5
() %o M) Ny B K . oy '
1 i 1 l 1 I
29 2{ 2]
I 1
| [ 1 - 1 »
T T T T T > T T T T T T » »
—-100 0 100 200 300 400 =100 0 100 200 300 400 -100 b 100 200 300 400

& 7

TGN IR /M 22 015 s R SR SRR Dl A 281 ) 2 5 5 LU B (IR IAD 77 = 318~378 mas)
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Lexical tone perception mechanism in 2- to 4-year-old Mandarin-speaking children
in the pre-attention stage

YANG Wangqing; XIAO Rong; LIANG Dandan

(School of Chinese Language and Culture, Nanjing Normal University, Nanjing 210097, China)

Abstract

Lexical tones are a key component of tonal language. The accurate perception of different Mandarin lexical
tones is essential for Mandarin-speaking children to process spoken Chinese. Previous studies based on the
speech perception model of nontonal language proposed perceptual narrowing theory, while later studies
indicated that the perception of lexical tones might be more complicated. Event-related potentials (ERPs) are an
effective tool that can investigate Mandarin-speaking children’s implicit perception of lexical tones. Some
studies targeting children's speech perception have demonstrated that mismatch responses (MMRs, including
MMN and p-MMR) indicate the development of phonetic representation. Moreover, these studies have provided
empirical evidence in this field. However, ages between 2 and 4 years old needs to be explored empirically. The
current study used MMN and p-MMR as the neural correlates of lexical tone perception of Mandarin in the
pre-attention stage and investigated the development of lexical tone processing mechanisms in 2- to 4-year-old
children. In addition, we paid attention to the influence of category information and the size of the deviance at
the acoustic level.

Sixteen 2- to 4-year-old Mandarin-speaking children (7 boys and 9 girls; mean age: 3.4 years old; range:
2.6 - 3.10 years old) were recruited in this study. The study used the oddball paradigm and designed two
experiments: Experiment 1 investigated the mismatch responses in across-category lexical tone perception in the
participants. The stimuli consisted of three syllables: /yil/ (T1), /yi2/ (T2), and /yi3/ (T3). T3 was assigned as
the standard; T1 was assigned as the large deviant; T2 was the small deviant. This experiment investigated how
the deviance size affects children’s perception of different lexical tones in the across-category condition.
Experiment 2 investigated the mismatch responses of the participants to the perception of tones in the same
category and were designated yi3a (T3a) and yi3b (T3b) within the category. These tones have the same
phonological information but differ from the standard T3 stimulus in the acoustic information (based on the
frequency and contour). The distances between T3a & T3 and T3b & T3 were modulated in Praat to control the
distances of T1 & T3 and T2 & T3, respectively. This experiment detected the influence of the degree of
similarity on the acoustic information on lexical tone perception without changing the category information.

The results of the EEG data showed that (1) only the across-category large-deviance pair (T1/T3) elicited
an obvious MMN response, indicating that 2- to 4-year-old Mandarin-speaking children can distinguish tones
with obvious category boundaries in the pre-attention stage; (2) the across-category small-deviance pair (T2/T3)
and the two kinds of within-category deviations (T3a/T3; T3b/T3) achieved the same data performance: no
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significant MMN or p-MMR was elicited. However, the internal mechanisms of these two conditions are
different. The former may indicate that 2- to 4-year-old Mandarin-speaking children are in the period of
transition from p-MMR to MMN. The latter may reflect that children have established a lexical tone category,
and due to their immature perception ability, it is impossible for them to distinguish the differences among
within-category lexical tones.

In summary, the current study has filled the age gap in the relevant lexical tone perception neural
mechanism research and has revealed what is crucial to children's lexical tone neural mechanism of perception
development. Moreover, this research has identified the size difference between isometric across-category
stimulation with within-category stimulation, which innovatively provides a reference for future research. The
conclusion indicates that 2- to 4-year-old Mandarin-speaking children are in the period of lexical tone category
formation. In the pre-attention stage, the obvious category boundary of lexical tones can be distinguished
accurately. For the inconspicuous category boundaries of lexical tones, the neural mechanism is transforming
from p-MMR to MMN. The magnitude of the deviance does not affect lexical tone perception within the same
category.

Key words Mandarin-speaking children; lexical tone perception; the categories of lexical tones; size of deviant





