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7B G 55 R 0 2 58 177 1] %% 35 (tonal coarticulation) #F /& 2 o 22 58 R A AR 11
b (HEmEsCAEEEE > ZHEERL > HEEHES

JE TR > 1hlR %% = 258 = B EHY (Shen 1992 ; Zhang & Liu 2011 ; 25
%£2020) ° FiRAVEFEEFPXBEFRMELEE A SR EEH
PSRV o FEESEHESEBERBErTREZ TEL & f
G R AR B B R BB Y E RIS T e ~ R LA B = S Ry /D FF
sEMAER A HS RV OHIBERERASE/NEIIR) 5
AIRE R ELRHY o PIANTE a5 R R BT ETA A B 3% 5 B A AR EE
B R = i AR b 2 8 AU 22 BB K (Xu & Wang 2001; Xu 2004,
2005) o AN o i 1 A 3 = B R BB RSB R 2/ 0 B EEL AT
DAPE A% 5 58 B 5 = s B A A 4 o IR 2 A5 [ 2R A9 A I DA R
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WAl F % TERFREEARIIETE T > RS EERNBLEZE W
Bl B BIEEE RS LA ARSI FREEEEEE 25Y
BRI EOMAERERS > BB T ABEESERGREZTH
— LI S AN A EACE A 0 RIS R A ARG R o A e
T E SR o FEEERARCEANGESAEE S A (Brotzman
1964 ; Shen 1990 ; FRIENE ~ BH SR BI1992 5 Xu 1993, 1997 ; F #1993,
1997 ; ¥FF$2010:35-36) ~ {EiER AL (775 ° Peng 1997 ; Chang &
Hsieh 2012) ~ {EEAR S (B35 0 Flynn 2003:18-22) ~ EiE KA
(Zhang & Liu 2011; Li & Chen 2016) ~ J#EzEREMEE (B35 » Li2o15) ~ %
#t(Gandour et al. 1992) » —LEJEIFE S (Laniran& Clements 2003) 55 ©

EBAGEEY » A S E S E R LR FEREEN W
f b R E A ER G - DEIF T E A B — LR - 41X
(2004)F2 H TEA 5 & B 1578 ¥r B4 (Target Approximation model) |
RIET ZHWTTE | B BIER s R s - & e A
HA S = IR EHR T E SN L 2B R RS o (H2RNEE
BIRTEF TS Z M EEE RG> RAA LR 2w E
[ o 4 _Excpratt - — R SRR BERKEE L T e HHZT
B AmEnREEER RS 2BEERABREAERNELE
EEMIEE R - EIRMEARELUEHEETREEH B (e
A DS R B R R A N AR A R e A AR R Y
(Rl AR St DA B T 2 B Y B S B A A e — R RE AT W20 i
7%

BB AR LA B AR o FIEME - HEE(2013: 150,
153-154) Al - AR A HIFRER T MR EERA T @ F—f2
214] (£ L) > HBREFEEZ ATEE SR - M2 RE 2 LB
AR FMZE21] CELE) - HWREERTFEFAZIE LERET ;
o5 R A R B RG aR(E [35] A AR ] 0 S R RS B AE 1R
= FEBRRAET o AR Z LB RN IFFIRM B2 E - 3K
M0 B A (35 A A5 50 L2 - R 21181 214 X &iRE & JE 0T
# o

BN s/ EERE LR E 2RSS TEHE
FITFFE AR Hh RS ANBENHRAAE S — B2 LB ESRHE
ESARGFAHR] (5140 > Wade & Hillier 1886:422 ; Karlgren 1918:29-30 ;
Hockett 1947 ; Wang & Li 1967 ; Zee 1980 ; Shen 1990 ; Xu 1993, 1997 ;
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BB @l & « 7t E 2008 ; Zhang & Lai 2010 ; Zhang & Peng 2013 ; Yuan &
Chen 2014 ; F#{ETE2018) o GRS SRV E B AV A4S R A58
ZAEE > (HEFR AR LR (O)ICRA A E RS » SiEE AR
BRFIERER TR+ L&) f1 TG+ L&) HE QRFBREER
LR N L BAG ERIREFEREE A —NER . HEMEBE
RARIEFE AL o A AT SCRETR » TN SCHE R 28 5 Y PO 2R 36 2 | 5 R 2
T1~ T2~ T3RIT4 > BHFAHEEG > Hlan 5+ L2y M1 T EE+ &)
FIT2T3FAT3T35RR ©

AT NI Fe 45 SR REH - E st/ L s A E R o &
M{EAREA ZIACER » thAERMCIER o B8R > BB BEEE
- EERENE SN2 BA e EH > —EEENREE &
R BFN S ST LB GEEFE) LEIELERTS Xu1993,
1997 ; F&#E1993,1997 ; B6112010:35-36) 5 BB BTS2 3 A (E
Fi A FEME/ER  (Brotzman 1964 ; Shen 1990 ; AR ~ BEEBH1992 ; T
#1993 ; BEF12010:35-36) » BIEEHK & BG1E S BV PR e A&
Al > EIATERAERG AU B L2 AT o R T2 T3 TIT3 B2 A LA
S R N R ARG o A AT DU AT R Y Y R RE A TR A
Mt o FRAMEYERESE » R0 [F) 3% & FH A0 il 38 2 A 2 DU JE T2 BTl A
R RN > ARBET2T3H I T2AI T3 T3H Y SE — B T3 ¥ AT # & 5 1Y
AE RS R RN 5 (R0t A 3 2 A Al il 53 5 o 2 DU T =X
BaR g s 22 T B A A B A B A YRR > AR T2 T3 T2 R0 T3 T3 H
FA B — T 3 36 T 428 A A 200 Tm VP 4 SR AN SAAEBL o

2. WA

2.1 FERlEE

B R  AREE GRS ENE [T1/T4+T2/T3+T1/T2/T3/T4) M=
HHEAHE - ASCUfg TERE o Hb S — AR E EE A
A th (A 3% = RO RRVE SR (AR &SR B AR EEERE -
B FPEBREE EEHERENAR G MR LgE g CF
TR EMIEEHE L) o AR R A B A E S
FH PR A5 0 R FH A B R A o R — (I R P AR I B e
i _EEEREE A RS =B LR RO E R -2
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WRERAE SR E S R & JE LB RIRTEH A EBRE R
FEE RN ERMEAS —EE 2 DR ER R - B
R R AR R ERAT AN AR A S AR W55
it o ARIRAT NBIRFTE » B2 PRI R B A & = A2 2 T A BB R
MR E RS RS2 2 T 2 A FEAEAE A o 2 R4 Ml 2 RL 0 A8 £ 55 fE A
e = HHTAE S B ET A A4 Gao/Zhao Duomao * IEF R AFK 1T
Hle FE—EHE Mamy M T RE > il 2 FREBRRZE
FEEEB N LENRE > FE8H R EARFRENRE - 4
RIFTA > &~ W REFRINE—EE S E R A A B AT A &= 8 51
TG > Bban TS ~ St~ =0~ ey oo

* 1. BEER
HY ey Ky
mooE | oo o K

yi

BRI REHER MR DUN =R« —  fFRE B0 R AT
BEEARANRE ; = HRERFAZAY > BRAZEA —EHH
AE S = ZEFHEEEMEE LEERA T - it T
B BRI RS — (AR5 8 F B RHI G A AR RIEE R =%
BRI B R R G T E A o AT ARIWTTERAT - A {0 (Rl 38 &
o TR BRI AR A LL R R B S E VB AT AR R (PRSI
1996) ° ASCHIME S AT & BT 2 RG> T FAMI R = BT Y
B ELEN MRS EH A E G B (REGERRTERZES I
AUEERINLAFERA) o B DUS (B TBOR Y 195 [ 38 5 7R 3 m] DU 75
VS B 6T (0 o P S 2R 20 [ 17 R 38 5 AR P 1 RO 52 o 1 e > 3K
{28 = & 6T R B Rk et A TR E & BRSNS LEM R 5
Hh—TEWTFEM et B 5 BHRA SR 2 AR R B S — N & 6
R ER o TR 38 = {8 5 BT OB RERR T AR B ST R © P am b AR -
FoEFEHEZME =M@ A BRRENRE - BRI
ARORIFANEE o (H E R B DAER B g e L 2 = {8 (% P O i 18 5 P R K
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L AR HVEBRAS R » A ST A 075 B BE 5 B A2 7 fh [ 3% 5 (R R REE Y o



404

B ZEY [Takahiro Higashi] ~ F#i{E [Yunjia Wang]

ARSI AN & R B AR SR A o Rl A AE IR I R AHRE > R T EERY
A E R CEEZH) EARREEFREF TS m M5l
T HIE S A S AL -

i B B el B TR RE ) R 0 T A8 A] AE SR EE 2 N H AR H A A
i o BWAINIEA S IXYZEEN) o & 7 EEH R HHF S a8
T NS ERFEFHASA R ONER > FRRtHZES TEED
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M8 A)AH —F 272 o EhA LI I RS LR R R /E (RS A
) NS SEEE L EREMRT > BREAINET - UE 25N
R EERBEHFMRPEAZNERBFHEENETEZIHE - FTA
I THE PEH RS o

2.2 FEERIEAS fi 458

wE NLA3 N (Bu&i18fn) @ FHEERABME2145% (FFEHEE
324) 0 216k (BE#EZE281) » HELTATRIEREA o 8FAT
ETHEMRY  EREANRAREREA > WRRERSMEREEE o Fr
BEE NIEE T TAEHRBN

FEE AL R B X R BT 0 B3 44.1 kHz » f#HT
[&24 bit © {EEHEEEREE A B335 A\ BRI ERE A DR - &S
T — {1 2 R 22 3 T Y B AR AR G SR B DU B RIS & IH 7
TERT AR AR o BRAN B 28 TAE AR SCEE MASMY - 28 56 B 55 & 52K 2
EBHIEE TR

23 REEEFMEESHE

A E B = A S SRR TR ENE (BE RE BN
HIEARRASCE R ) BT EES 73 Ak A8 25 Praat (Boersma
2001) * hiA6.0.30 ©
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YERE o BERHAEIIVIEE S WERN - ()E—EEH BN SN 2EE
RFEET > 5% G BR RV B L 2 MR A i 1 — s e B A FARY 45 TR
Q)FEEES 2B EEB N - 7 REEE L H B a0 R B f %
TEIE L RRIESME FAE AR B sz B R RV AL B o T R BA YA T B
(2)HEME] > 5 = {E S G Y BR R A BT B () AEE] ©

MBETEENE  HEHRATEENEE N NEE - &5
JR4GE KK H Praat H B 7 H Y PointProcessi * iziE . & FE L&
A 78 FA A R B RN A% B B TRF R RS o R8BI R B R T IR &
e (E 0 N LRI ZIE1Z » f£PointProcess e - - Tl FR2 52 (H o
B 13 1 B IE 348 (creaky voice) * TE PointProcesstg H » &
ETHE R ERAE AR o LR AN TEFRIVE > I F TETIE
PointProcesst& ©

5 = H Praat H 7 WY 4% T 4§ {H 7% (linear interpolation) &
PointProcess & ' $E B F FE B & =18 o (&8 & 7 B 43 Al $8 B 30
FREEE EE o Bl 1 TEESEEEE) W TEy A T8 EER
B~ T3 BN EMBEMES ARG FER S S E o FHEkE
BE = ER H 2SR E TR — 0 R SRR R i
MK ErsTEESREMEFEEME  UEREREERPE
R B e (B AN B B Y TR ©
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S L o A SRR E#MEFQ015)IMEE » B2~ BB~ b~ EVYEEHEE
EHIAR BRI EES T C RN R SR BT LB RK
AR SR PBRREE - FEBNR SN REE - FEHEHNZE
(RN R LR i = B T BR R RYAR 80 0 AR B - AL OREE AL
BENREE 2% -

24 HEEAHRE

2 T TEBRIE B AR SR B LR RS st o MR A
SR A (semitone) * AN BHRE TE GEREFEZ SR -
EEEHREST > 5 L35 NS EHERS, 775470 H2A1110 Hz (2
MEE B EE(2016)UFEEr) ©
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sti=1210gf; / fref (1)

3.1 BEHESR

& 1R 13603 E A\ AT E RS fU T B R B S AR (H 0 =5
fih A 2 1) 2 B BB ] PR R T B4 =118 35 T R R A = 3 (B = B A 58 =
=TS mih s < A 22 A EFREUR » B =ES R - EHRE T
EEGREUR o BG83 67052 2R o [R 38 = (4 ss
faE Fiat &R AT LUB 2E M SR A [ h [F] 38 3 (R A 2 G g (HUR=
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HE o BEESEHERA B FIERMER S SR E 14t
HE > SRR AR B AR A B P BRI 2R o B T EERE —
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3.2 S LEAGE S ST
321 JiiE

QAT SCRr A - e LB G (BIT1+T2/T3+T3MIT4+T2/T3+T3
FRA R &) BE AR o AR A R 0 A
[ %% & VE T RERLE — Bk o Rt e BB e M S SR G 7 EAE
FUEITIOER o BN S S AR A S A TR A A T TR 2R
S L R R TR o 2

FiE— A2 EE G R E SRR RS SR
FHE ERFB(Li & Chen 2016) © HHARG RIS L& E R E S ah AR AL
SEMAL > R FRAM 2RO & 5 R y=a+bx+ XA THES  [MIETREH
HyZon & m AR L EE —ER RS S E8E » PRI > Bilfias
x=0FFy » —REGEWFRRE SHARIIREE » RGBS IR
M4 o FEFRAMAV R P R RS A1 > MR 7 R AT A - #kEEA
BEER N S E S LR A 1Y o

FEZRIREERN S AR ECEE S SR LR E TS
bb o B RN LB S S AR B ALY o Rt ZEECE MAT R, ~ &
EGFN = BG4 T B © TERT A BARSF A58 5 -2 B LR BT FE DU
Bt EE MR S TEEE) bt 2 A ERH A
% (Zee 1980 ; Zhang & Peng 2013 ; Tifi{E%2018) o

322 R
FMERIDRIZI T EF 2P E FRE A TP LB
HM2EERGE (GF-20E L8 FalBEAERst) - St
AT IR SECE AR fBg (H B R35 0 RAlg) o R T R
<005 ) FRKIRp<0.01° ) FRKIRp<0.001 ° FL[A °

2. ASCYIREER IR 2 BB B H AT 7515 - W1 — AL 28 i A 38 2 BB B AT 77 A A
G ERERZEAEBESHTTE o 2 T BRI EEMEHE - BMEESRE
AT ZIERBEG 00 > BEREBIRGE A EE A 2 1 5 & AR 0 A7 77 1A 1S H RO AE AT T
BitL o ATCH R LTI S T T R o
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% 2. BT B ERANGR AR
R BB RGE AR IR RS ek
0.238 0.058 -0.002 0.440 0.653 0.122

t=1339  t=2435  t=-2314  (=2.223 t=3.240 t=0.442
p=0189  p=0020*  p=0027* p=0.033*  p=0.003* p=0.662

% 3. BT REBNT TR LB PR ER

Ei] —RIRE “RRE R BRAKE:  ESR
~0.072 0.116 -0.005 0.048 0.866 ~0.463
t=—-0352  t=3.492 t=—4.059 t=0.243  t=2528 t=-1942
p=0727  p=0.001** p<0.001***  p=0.809 p=0.016* p=0.060

EMREE BT B L8 2 EmHAR S TP IE
PR AEE AR  HAMERA ST SRS HAREERS S S L%
AT, WA AR A T AR R I — R B — RGBT A TR E R
IMB#E EAREE ERNER > SRIERRNHE S B AR ERE
INER o TERREBERI LR MR AT B AR NS R LB
RREEHABEE LR BEEREH L& HEBRR/D gFARF
o B PSS SIS SRS L MENR SR AREEER
B R AEENR o W EE R AR B BRI A R A R o BREERY
B R R 2 H R G B LA R © AR & = AR
(M1 FEE R A 7 72 B 3 B2 PR B (R A R 72 B A o SRR 6 Y
o3 M A5 SR B AT A TE LR RE _E BT AS SRR R S Y (Zee 1980 ; Xu
1997 ; F#RfEFE2018) ©

3.3 #AfEHHVE L

331 &%

A S B A R A BRI T TR S S T
BEE 7B 32 YR > BV e ZIHA B S A R AV B L 28R
ETE SR EERE L - R FRES R LRA PR S SR



Hoah DR AR AR EEN 4u

0 BRI TR R B O ST L A AP B EE R R B B P19 3 BN R =
B o REHEAVRERE & & B RERS o MRS 6 A P
IRILEE AP 73 I PUAE R 5 B AR A T S 05PN 28 2 TR RSP/ 258
HESETECE A b (B &35 0 RPE) o

RAMRS D HIBER TR PR B R E2 BB il A LB R
RfF N EREE BFEHFHRA-BY LB DUkSar b r sk
R o RO R 0 RN LI ¥ LR RS2 5 A BRI (ER > fRAE R
oy TR U B LAY 2 G A AR BRI R o F SIS EERN R
A Est o HAACHEFFR2FIER3 o

% 4. VARV EBATHE &ER (B T- L&A
A7 e —REGBE XGRS CPEEES RER
T1 ~0.231 -0.025  <-0.001 -0.617 ~0.740

t=—1.189  t=—-1900 {=-0.004 t=-3.157  t=-3.505
p=0242  p=0066  p=0997  p=0.003*  p=0.001**
T2 ~0.345 -0.008  <-0.001 -0.516 -0.605
t=—1.637  t=—0.689 t=-0375 t=-2.637  t=-3.007
p=0111  p=0495  p=0710  p=0012*  p=0.005**
T3 <-0.001 -0.017 <0.001 -0.212 -0.303
t=—-0.0003 t=-1.129  t=0377 t=-0954  t=-1.297
p=1000  p=0267 p=0709  p=0347  p=0.203
T4 ~0.276 -0.007  <-0.001 -0.475 -0.578
t=—1.573  t=—-0476 (=-0.645 t=-2310  t=-2.701
p=0125  p=0637 p=0523  p=0.027*  p=0.011*
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K5 RBIEG P EERTE S AR (G Fai- 2T

AR i —REH REB REE R
T1 ~1.004 -0.044 0.001 -1.071 -1.178

t=—-3.992  t=-2272  t=2617 t=—-4782  t=-5310
p<0.001**  p=0.029*  p=0.013*  p<0.001*** p<0.001**
T2 ~0.756 -0.073 0.002 -0.927 -0.855
t=—-3.170  t=-3170  t=3560  t=-3.989  t=—4.085
p=0.003"*  p=0.003"* p=0.001"* p<0.001*** p<0.001**
T3 0.009 -0.036 0.001 ~0.044 ~0.140
t=0.035  t=-2297  t=2379  t=-0171  t=-0.636
p=0972  p=0028* p=0023* p=0.865 p=0.529
T4 ~0.485 -0.065 0.001 -0.657 ~1.158
t=—1.829  t=-3229  t=2413  t=-2.629  t=-5671
p=0076  p=0003** p=0.021*  p=0.013*  p<0.001***

HIEBZHABREES IS SIHSPRIH LR o fETA RFEH
AT 0 BB FRIEUE » — GBI — URETE G A LB 2 /TSR A
RRE AR DR OWARH o RBIVERARFAMAR o B
TORT R BRBEIERAE > RIRR 7S LB 2 AT REREEE - — Xk
BRI — R BAE R A B2 2 T HS A B el B B U R 22 52 - fIR
RBEE R LR o W RBERE RIS SRR LT DU
TR A R B BEEARR o BRI AR R E X RS
ROTERS V- AT ELAE - B AT o T8 BB ERFH R > E— A2 RN
K o RBHIRREG AT ERE LEAT > HRRBRREAE
Rl 7E — G RAR B R B ARG T ATR R AR EHME R B RB ARG Tl
HA B RIS o (HISERERE - M BB EG%AMEH > 5k
URAAIFAE - (B2 MR A RR I 22 e BB IR RN T -

B L (EELFrIER] B2 PRIRB R & m b E Al
REMMAZMER - B RENERSECEMREL - MItE 25
AR BRI R AR A B A M EE TR AR ERAF SO — 2R
B 77 2 y=a+bx B B2 P AN KRB LE G T H1_ LB ATH S @ 2 BUET 7L
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AR RYEEE AR IR AT — 8 & S A _ RS E - R —EAFAE
HUMERRIEERL R S (HE S R RVEUE - Re-7 2B RBILLAER -

BB PHIRE » A RRFEREET - B FABEEER
R BB A ROAR A REE AR 0 I RE RS B IR S &m0
B ATRIRAESK o HE > HEERIRREMEEH 2 ATIR
ARAEAR £ BB ZATHIRRRRER P2 ATRIRER > e 82
LIRS £ RBESHIAE RS B PRIREREG A LB 2 AT
IR AREE AR o TIMRAES 3328 atam A RIEE S 77 NS4S R E
APF{E < FIRIRA (5 o

BRERBHN —RTTEREGHER - ERTHEV - BVPHRE
R REBRIEEEERG A B AT 2R ZHEN  MERT AL
B BORAERG AR D ERANRARE AR ERAEN RS
FRIRBRR LT — R o — TS M T B HE S R AT
ARE)E— G £ —RITEEEE SRS RBRRER T L
BATHZ RIEERF A RERE > HEMrZ2EAEEME0.023) LE"
KT REHES HH(0.065)/)N > TE—RITEEES T > RERIETARTEH
R NERARAE 25 -

L6 BB LB S AR (BPal- L&A - G — kA
FitEy=a+bxlit 5 o

R
T1 T2 T3 T4
agiiel -0.231 -0.324 -0.027 -0.229
t=—1.173 t=-1.524 t=-0.129 t=-1.129
p=0.249 p=0.137 p=0.898 p=0.267
— IR -0.025 -0.012 -0.012 -0.016
t=-5.758 t=-2.557 t=-2.528 t=-3.422

p<0.000° p=0.015* p=0.016* p=0.002**
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Abstract

Regressive tonal coarticulation of Tone3 sandhi to the preceding tones in
Mandarin

It is widely acknowledged that tone sandhi is phonological, whereas tonal coarticulation is pho-
netic. However, when a tone undergoes tone sandhi, the question as to whether its tonal effect
on adjacent tones is based on its underlying phonological form or its surface phonetic form has
not been fully studied. Thus, this study chose Mandarin Tone3 sandhi (a tonal change in which
a Tone3 [T3], which has an underlying low form, followed by another T3, is pronounced as a
rising tone that resembles Tone2 [T2]) as a research sample to investigate the above-mentioned
problem. An acoustic experiment was conducted to observe the tonal coarticulation effects of
different tonal forms of T3 on their preceding tones. The results showed that there was a sig-
nificant difference between the regressive effects of T2 and the low form of T3 on the preced-
ing tone, whereas there was no significant difference between the regressive effects of T2 and
sandhi T3 on the preceding tone. These results demonstrate that the regressive effect of T3 on
the preceding tone is based on the surface phonetic form, rather than the underlying phono-
logical form. Moreover, the results of this study suggest that psychological processing of the T3
sandhi rule has been implemented before pronunciation of the first T3 in the T3T3 combina-
tion, which is in accord with the related results obtained from a previous ERP (event-related
potential) study on T3 sandhi processing.

Keywords: Mandarin Chinese, Tone 3, Tone sandhi, Tonal coarticulation
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