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RS EEEEEE® ( American Speech-Language-Hearing Association [ASHA], 2016) Z &% * 3
B HLH (speech sound disorders * f# SSD) f2f8 L E A FHENIRE S HHR » 118 LG B8Rk H
R EFRZRIARERE - HEEPRTA - FBE R L EE AR et R S A E S
PR SR AIRE (Bird & Bishop, 1992; Hoffman et al., 1983; Rvachew & Jamieson, 1989 ) » tH-EHFICHEGS
TEIGHEE S R M EGET RE NER - INAGEEHE R SRS TR I R (MRERFE
FEA 0 2013) - ARMERNLZE R RS S R E R BRSNS R T RESNE T EHE
MIRRALR - BRERFEEE T AGTE » WAL T RS R HEARE S 7 HBLE Leah 5 e T AH R
FIEMBIRALR - A5t BWERE Rt best 2 52 E W EREE S & BN [ g KIEE & A8 X
ERREEREE I RN - DIHRRHEER IR/ ARSI E RS -

(—) BAEELRE  AENEREREAENERMEZI2H

FEEFH R - Y5 S R DIRERER GBI (F B AN R RO e AT H g R (B0AFEL » 2020)
(B ERE R E R ETE T - RGBSR EIEE - SEEEEMP RSB ErRE
E=EHEAREYNIRGR (EHE - 2016) - HFIHNGES RRIBHERKIES ZRERTAH
BirE (E{EE - HIERE 0 2018) © 1F Stackhouse B2 Wells (1997) 2V fEREHE L (the speech
processing model ) A%l - F#E T (phonological representation ) & 552 3E % 7 SE L P EEF -
ST 5 B FOE BN AR B S R R BT - TERIE U SRR EIP R BRI RTEEE # A (speech
sound input) HYFERE - (KL " A L, BT E D REENER - BEE (2016) I L EE S
B RAE PRI E R REHE SRS - i R EAREE T AL A - WARER
IFEIRE S HIEERES) (speech perception) - BESSTPAE = MIHHGANUAR - SEMP R EERE - AERIE
A HEEIFREE N FRE S RS LA R - IGEREEE S B IREIE AR EEH CRIENE - DUEE
H B CEMMEEE RS 2 ER - JI - @ESEEE SRR SEHERE - BN EETE
HEIEREEZEN - AR TETHEZI  SEEBRDEVREEEREESRIIZ— (Preston
& Edwards, 2010) - &t ZREE & HIHE & 8302 T [ A & B FE B 52 /7 (phonological processing
ability ) - {H/EF & B HIE R BN AR (Rvachew & Grawburg, 2006 ) - 5t & BE & L FEFE 2K
E o BT HEERBERE A AEEEES - MEEERERhEE RWEE T EEREREL
BT - HEHERRE IR RS 5 N RS R T KRR (Stackhouse et al.,
2005) - RIHGEEEE DAl RE B E S # R - AMWE MR G RER - XEEEE
BB T EHCRBE AIFEE—SRET DU RHMREEEM TR LA R PR B S e
RSk B B RE 2 IR AT RERR 1

1.

-0
i

ne o AR BRLGE T v T Z R 1%
po

A AR R R A A B AR R 3 BIRYEE S AL 2 BAE (Diehl et al., 2004) - 2 —THZG[EEL
P FERR AR, » S0 E AR 58 P R feh B B BT R TR AR (R ) - B
BREETRA - RS TERE - FEEARGZMET (Rvachew & Grawburg, 2006) -« A LEfjf
FeE Bk ah A I RURE E AR IE F SRR IR Y - SR EEEIHEER (motor theory ) A
WEEZ B R DGE S ENE R EUK EE1E (Diehl et al., 2004) © Liberman % A (1967 ) LK Liberman
Eil Mattingly (1985) $EHIZEH HIEMENEH SR (motor theory ) - BREES FIE EEMEESEHY
BEAR - GEEREANGE S EHAEEEHZEAE —ERE - JRANGE S 515 1R B EE
EHER  SEEHENHEER ISR SR ZENFEEZES (intended phonetic gestures) * FEE
ZRRFERER P ERZENBTEDEFRES  2EEEHTPATEEAT (invariance) - M
BIERES G (revised motor theory ) T A 1 A I H IR EFERGEE T B EEMIRE S8
fE, » MIEREEEREEEREEENE (Liberman & Mattingly, 1985) - [fi 2K 222 » A1HE Mitterer
B Ernestus (2008 ) DA Kraljic %A (2008 ) - %@ Eaifsethbass s 5 rhaE & A= FIE H
T E R - brTOEBE RN - A B R HRE A BRI RE A I TR R -
Levelt A (1999) 8 kab & HIE 2 aE H E HF ) —(HE ZE0 8R4 - GG & EIS R I H —(HEEA
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TR R IR EGE S B E R A - AT E G HIRE RS ED - TR R B IEER -

TR AR FERT H2 B B R R E TR IR A - SRS AR S A e (F  HEFEEEY)
FIRAER - (ERE AR S MR R R RE - (a5 S E R REIRIRE (R B BGRE S E N E#(F
11T 7 FE L R th R S8 0 SRR e P R RE 5 R R AR IR H CURE H EE B E - & Z SR
HHREH - (ERERIRE S AR RE I AR BARAGE SRR HRE IR R - MiFEE SR LIS FE TR
SRR ER ATt -

2. GhERIFE B AR AR Z T I R 1%

HHEREEAEHMEINETAEEEENESTRZERBIGES - BEE  S25% - F
FHESE - FRES) - Wl BEEE H SR EAT R R FA (metacognition) ( Schuele & Boudreau,
2008 ) ° Goswami 3§ A (2002) fEHAIEFEFREUEER (the phonological representations hypothesis )
Ok TEEE A E EERE R MR SURBYEIEEE R - HiARgUEENERE
BN ECETTHRNG - PEE T EAE R - BEREG R OFEFRE R M AEETEM (re-
structure ) * BRGHHAYE B¢ F . (segmental representation ) 37564 e A EE 5 A B G I 11 52 W HH R -
EEEREEERAIBEET » Goswami Z A (2002) HGmEEEBNNLE BEEZETHIENERY
FERE - B GEERE - AR HEHEEHREEEERG - W ANSTHENE S ETHER
FHRE - TREIEES B B ERRENSE - MERENLE 8 BREN S EEME
jj o

Br T BBy E B R EURER SN Nittrouer Bl HL[F] 252 HH Y 3% 2 [ M B B (R (developmental
weighting shift, DWS ) 15l Z i RE = A B B i A R E IR t% (Nittrouer et al., 1993; Nittrouer &
Miller, 1997) - #%{&ER (DWS) 58k 5 A il 52 i Sl el O Fr s e/ ) » (RIS 7 Rl s e A 2%
{ElFrIZhs - I TR R S A R AR SR B RE S Al B R FR AR @ 43 BRI 2K - TTRE 2 s i Mg i - ST
e EHEAR I o MR RO S AR - IR B R e ok - HEERE S AE
FLEZ M o O 2 B VB LB R A A R R - NSRS R R B M ERE T B
A - RBLREE SR E MR E - RENE T AENHE SIE 2 e NS R - BEEE
e EREE BN —THE R - SR A E S RSB T R B ORI B T2 AE () 1 B
R B - Bl R ERERBRE D CEEEE - [WE ZHTEEERYIRIRRR -
F&ET% Mayo % A\ (2003 ) R DWS (B3 - 3%aT T EGEAIRITE - A5 SR TE WE S E a2 Ry
RS AR E (R BNV EARER B I E T RS R R W AR R - SRR
B HVE R AR R Z LU B R WIS A0+ DRI R S B R AR R R O T DA RS A R
71 R T Z MIRALR -

FH_Ei S SR - RE S AR B R R M T RE A E A A B RR - BB R B AR SR AN
FAIAFE R - MR1Z Goswami 55 A (2002) HUGERE: - GEEHIEREINES G ETELHNLE @ t
B B RAE S FRE NI R  AE Nittrouer 55 A (1993) HYBHER K ABRARY EEE W 7E 38 Bl S iR akae
T RERR GRS BT - W ERFEE HIERE ST R AEEUR E -

3. EEAIEE ~ AR A H Z I B £

HESR R SRR o A Y 2 RV — (B S ey B By ok Rl i 3 2 R AR 1 - (2 B RiE a4
BT TR R EE W 2 M BYRETR » Mann B2 Foy (2007) f5RIEH 25 R B ARE S & HFRIR S HE
ko MRIRATR - HAfsehs R B B R A A shaRsl 2 - i E sivE ot - JREHE
FEEE e s R S B e AE S S - WiE 2 A B AHR - TE8 AR JTTH » Frost %
A (2009) FFERRRER e i o 2 W B 4 B2 72 B R IR Py (LAY R ol B 2 5 o HE R PV (LA R &
BB EWREEREATIEE - RISEH SN E REE S A& T sE 2 HFRY - thE
TR B S Frah o 7 R DA S iR AN E i B P R Ry amott -

Gl L REIA SRR FEE IS A SRR - WA R R AR T A R AT
BERATR  FH Stackhouse B Wells (1997) S FEEHEZ, (speech processing model ) BJ 135 T
g H BRSBTS B EEE B R R P T © Goswami F A (2002) HYEE
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FHEREIFEE ST ETERBPE - MEEEEEFE S ETEEMaE - MiRE
DWS {Eift ( Nittrouer et al., 1993; Nittrouer & Miller, 1997 ) » FiE ARG G E S HIEEE
FRREE - BEFTESEME R - GRS SR SRR I g B EREE
AR & A gE R B S R H A HHAE T « fr e bl » W E e e - S HEFRNGETED
ZERTRERIBAR Ry » HEERRYIALERE T HERE (FIFEE PRI EERE ) @ &
HHIRe e RS EEIRE ) AR S AB L B EREEE ) (FINE IR LR
M EEEMpe JWEE R AT HENEME  EmMEpEE TR - mMAER
EH RN IEEE T E N IR R TR ER BRI - et (e EFE TS e B E Tk
B B H = E AR ARG -

(Z) EEERREETNERTHEA AR

ARG RN DEES B R BRI CE AR IR LT i S R E R E
FIRE S ARERE S R S R A RE T T IR -

L. A B DU N RS I B2 RE ) 2 W 5e

15 Pl BRA B8 RN B B EE o5 2 HH 2 TR A (R amott T HEam e 2 < RAER A Y] - (HEIRRRAER
Fiah# - Nijland (2009) FEEEE AR HE R REEEE & & K RIRENEERE A - S0 BRI E
ZEEHEERABIRGR © Rvachew £ A (2007) 8RB E HIERE NS B S MERENSLE - WRK
AL RRISRE S HAE S - SRR R ERE A - IR TS ERENREIL - HARNE T
FigHE S REE REFHEENENME (#1410 > Bird & Bishop, 1992; Hoffman et al., 1983; Rvachew
& Jamieson, 1989) - {HEBH HEEATRERNAGTENERE -

BB RE A M EA R S S NI - e g E R EEN R el
BERHNREREY WM EHNELE TR EEH RS2 R M E R LR B E i
HIEHWEE - 1552 Hoffman %5 A (1985 ) BIBFFEFEETIRF [r] 3R [w] HURE & £ FEH R “way” 1 “ray”
RS e ) - ST B IEH S EALL - B AR R N S B R P R R S
HGEME TSRS 1~ 2 3 HiRIEMEER - RILH7erE e HEE S 28 M E nRe SR A
A AR E IR A N EE - B—@EMLIEYIFSE (Rvachew & Jamieson, 1989 ) LI GEE HE E » —
i, BT GRL B8 Ky Bl A BRI B B @ PR S (CELAEIEPE “seat” Bl “sheet” DAKL “sick” B “thick”) > i5£E
EENERENTE S RZAHEE - AR ETEE T RE M EHRE TP iR A AR H S
FURREE BT RERNE S BRI -

B T ot S HEFE S E T R se 24N B B R B GRS HIE BE T - Gosy £
Horvath (2015) BF5E 120 (i 5-8 pRINRENERE & M & - IRIBFH T H4#E (251256278
Bl ) o BEAE 30 A 0 B 120 (Z[RIAEES 2 — I S E R IR R P RE S ETT LLE o BAIF ST RER TORE I RE
BREHEFCESRENE - NS EE TN RERIESEERE ) - G0 EaIEE
i FFEE A )T R AR - TR EAS SRR B R MR R E R E S R r R R R
BB L — Mt B 2R B2 - MR DIREMERE B A E R E RS R R R 2R 180 - HeE IRERTE
5-8 R RS (HEL—f LB AREL DA 2252 © FL4h » Rvachew S5 A (2003) (i FH—IE S RERT
B A (Speech Assessment and Interactive Learning System, SAILS ) iff9¢ 13 Z{HHEEE
HIREE B N 13 RS R B iRE S IR RE ] HIF e RS g R HElE E
FIW— L EZ - (RIETSE (Rvachew et al., 2004 ) F¥(5 34 Zriv B EE & B0 BB T
B EEIR T ARIINCE - HE BT R 15 pmIEESIEH - FHHETT 16 & 0 A SAILS A
K EE I L Bl R E TRk - B8 EERFEE 0 /p/ 0 /m/ 0 /K0 W 0 o i s/ (EE IS RS -
RIFEER - R B FRHEAS B E AR Y - % 8 ERE EE T REFFETHIME - 5t
FER RS R BRI R RE S A RE T BHRE T A IR HE T B S A IR IR L -
SEEMRF TRE SR HNE N AR S SRR - BRI - IR ERE S A
Bk - BINBIIGE S B RENRE S BT % » (B R R e e a2
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SLERAEENRES FIREEINIERE » BIAISRFKE (2015) fH540 (24 5 6 BRE] 6 5 6 BRAYERHTFLE -
RTEHE MO SR RED RFEEREM (SSD) R - Mt mmEeE SRR E R
Ah R CE A o R R R EARE S ARAE S - MR R B S R E M R T
HEIERESRANE B (T I MRS B (RS IR - ELRE S R e S B (S A R R T —fig
HE o WO EEEREMRET A FEMEN R T E LRI R AR - ihEE e amaE T R
HREARE S RETE R AENL - 5o BEE (2016) BRET 31 {7 6 plah & 2 fHE K 31
i — i AU G BE A FE o S ELE HRRE ST » RN DA 40 (7 TEH B R EmIRH - (5 Al 5 B RE AR T L
FIEERE - FERFEIAE T R REAYRE T A LR B (R R IR AY 53 - W (8 SE B A & P 1 e
REGBER R M+ ZHAERER (reaction time » ff RT) /NEHE 2R » HPETEEHE
#H RT B8 B PRI A » MR A RT 5 - iF9R & e amat & B Sl B AVRE S @ PaE
AL VST

PRI > BT Lalibise 2 oh - tHEHFERFAFIAYE R © McReynolds FA (1975) HESREE FH 5
BB — i B AR B B B NGRS LLAVEEAR (ESE R - LT MRE & I HH B RE 2 AN SR R BRI A -
Tl R P B AE T S S BB ORGE E A ARG - B SRR PR RBIEY - R TR HE
JERZ A I BARYEE & A BRI © 177 Hoffman 55 A (1983) WFFEH // GBS HSETRAVE & 2 H HE
B v/ G L IERERY — iR S B o/ B2 fw/ GRS B ARAES] o FE ARSI R E H O E M AR & A
RIHE » BURREERE RETAREHERGTENNER DABEETEPHEES - AEBINRY
wroed - =P (2016) #$ZE D RIEFM (18 %) ~ ERTREMEAEZRE (18 %) HHEES
REAFNRETRERE (16 %) - WIERRISRBEMEGE T RE B0 S e Ra L E
TS B BT B I = S 2 (RS AR B IE A SR BB A - BLEE 5 7 HH A BRI S A -

for LRI - BRRNEE S SR R RS R S R ERE RIS RE RN AR - FE S E B S AR
FRIRRETRE— ks -

2. G PLE MM E LR RE 1) 2 W SE

R DWS % (Nittrouer et al., 1993; Nittrouer & Miller, 1997) » HHEEkGE I3 R & 2 &
REE A EREE LR RIS RGEE AN IRt A T2 - (EEREE A [HENRE
HAEIERE AN - HIESEEERRE A S B - DURSERE S BE B ERE S i A il R TR 52
BRI

AT AR S B B AR EN S A FGE ST 542 Carroll B2 Snowling (2004) L
46 BRaB EREFE - R EESERE DY R DU, — % B 28 55 = F RS A e

17 BHEES RO R EN SRR B RN i R R R R T R R PR S R S S
FHICAEEERE = - BURRE S W RE A BOE S REFAES] - Anthony A (2011) [L#K 68 {757

W HITEE & 520 Fl B R — i MU B R S B A S iR AR eE ) - HF e Rt B - BEE BF A
B 2 P PR AR S B ) SR B o — il LA 38 e S B RS - AR - N IR R S B L E
HIE R AR EE T B — M A B AR LE R G 722 52 - 40 - Nathan 5 A (2004) iff9C 4-7 ket & 52
REAEHEERAES] - SRR 67 BRAVFE T R REZ ERESET IR A A R
HAGHE » T B MERATE 72 B » Rvachew Hi Grawburg (2006 ) AF9CEEE 2 RENGEEEHE
MR FEEAE BRI SR AR RE ) Bl S B AR ) I AHBR M - W ST SRR I EE A Y IERER
EHE AR B B -

FH PSR FEmT Al - B BE W EREE S B SRR IR TER RN — - KR RET
FEERE RENFEE AR E SRS 0 ATE R RS T AE R K ER R RAYRE
BEEETRRTEEHN  FEENUETEERE  MEES T 3 4 RARERENSHEER
RNt EREETNEZRE W mE AL  SBE A8 AERERHERGHRAMEEE
et 2 & AHeE - BEFE TR REEEHE - T8RS NGETELRIIMELS
Rvachew B Grawburg (2006) 9% 95 fi7 4 B%2E 5 BRAVRE S AE R ENFBEEW  B5Ne 3B5
FEHIRE ST ~ SRR HE AR S GRS HA S Z RRIAHRBATE - e SR B BLLIGE S A Ry EEI MR S A H R
HHEERE A EENRET) - DEETELR N REBHENAEE SRS B )] - BHEEE
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FAE TR A BRI ETT - R AR R & SRR RE T E HRE TR - AW =& A
—HHRT - DUT AR = (ERET ] Z IR R Rtk Z P S AR BT -

AT FEH B R PRATRE & R S EAVRE S AR HiE AR RS o A 2 ERIRAGR - DUN AT e
FFEITREER A -

(—) HESHE

KiFE st L - DO EIERA T CERVEEFR R 50 0 2 55 11 BRAVEREGHT L -
EIVEEHIREE 5 B ERIFAR - IEW SRR 4 BRI G iEE - 27 6 R R ZhE
IERERRHIPTE RS (Bernthal et al., 2013) 5350 » 4 R BT b B H 5 B B BB ST i et - O
BB RESRAREZHS (B - 2005) » RIEEIUE SRR DL 5 5% i ok H 1R
B - BEE R HERGEICEE S G E LA B R A ik - HOERAUERE S, 1. PEbRA B2
Ry g - PR HRETRERE - R - FPE - 1SR IR EEIT R DU HAR RS T e s BRI RS AR B AR
B s 2. THEEIERESCE TS, (BBIURRHPSCR ) (Test of Nonverbal Intelligence-Fourth Edition;
TONI-4) (MFEEZEA » 2016) ZHEZRRGE 80 DAL 5 3. TIEET BRI ERSIEEFER . (M
HEHEA > 2008) ZHESHERZAFSMEA 15 EFEEDLE ;4. THEF EHEHEHRNE (f§
T ATPMC)  (EBEFE - 2018) ZIGHEMRECEIRE > F 25 -

AWFERSFE] 49 HRFRFEAESH ZESTRE HE - TR AR R — Rk - K%
FE KR AR REMERE SE ] - SSERILARAE T HEBIREE U HER | AUBEEBRG IR 80 » REEMA
AWFFEMZE - AR ILSERK 46 (L5 FH HEREE - Hrhd 39 (L84 7 (124 - th— il
4% (Bernthal etal., 2013) FSHHEESH1 S FE R BIRBE LLIR BRI O SR -

(=) ARIA

AW ge 2 EREEAG T R LRI E - DS — AR G =UETT - AW SRt AT A it
HIVESE > R R GETT - DAHES FEE R 25 T s B R R R AR 2 R - R Mt IS P 4504 75 70
o B TE i e B [ B T B SRR - PR R MROE R - H R I IR R T A
A E R IR - Abtoe s TR S ZEEE Ll ke =H B R IFSE - L R ER S
an el BRTERT R ERE S ERRF R R (RESHEM O HER)  RITEIRRE S JTHIBR B IURR ;
Him(ERUamEZED - fiE MR RS HERRESR - N TSR e & ek - 38— XEHEE e
SEFISERRERE S ERER GEEEEE) SRR ERT TR - LR CE T
HIERERVURN - FRSRE S TRREIFSE - BB K HIE H et sk @yt - B S W ES - SRS EH(E
% TEHRMESR - UTSRASHETANANE - HAY8E D

1. BRAE(L 5

(1) HEFESI RS B AR COAFE » 2018) - [HHIER /2 HIZETAL 3 2 6 sk A B a6 Bk DA EE
AHHERE S R R EIEE HHHEETT - AWHELL T EREEE B, BUS0 H o TR R seE
RNEIUTAE - DUE > Fik 25 BB - G0 EMBNEER 25 FRIBIRGES RH HE - 5518
HilER R LARRE R AL - DU e By 705 P R E R HIRRERE & e BRI AR Ry 36 {8
FlE Fr o AR E FrAD 36 (6 B - EESETRARETHAINE o BLOh - ATFEthDL T RS B ) ey
AR LM E ot E R (I 2 B A EARE S E e iEEL — -

(2) ERTERRI S REEE S a2 (RSN - 2008) » IEHIBRE TN 3 552 5 5% 11 (8 HHyE:
BRI E - ST SR B - AWTFE LAt ISR ey T RE S, RS JIREDBER 15
ERRER DL - PR R HRRR A A5 S B R R R A 5 e
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(3) FERIERESCE T HIEE—SE VYRR ( Test of Nonverbal Intelligence-Fourth Edition, TONI-4) (f£
SEBHA 0 2016) o GRS RN (48 B SEE 4 5 E 758 1 EH ) RERAR (60 3 @ EHE
TR 6 EAZE 1S 1L{EA ) » FEHIAER - FAKEHE BRI 7K RREAIDIRES - 5T
SRR - (R EEIRRE ST E R SRR T R E HE - DR EE =S
PATE 80 DAL -

Atge s Bifmag 2 e DR FRU SRR T ENESE BB NRERRTEERER AT

W

(1) FBEEREE - BHEIRETEAREE - BHE RN FEENETEHEINER - A

S B E AN TR T IR e B SN (E0EFE - 2018) T EAEEREE s MER L Y
FRRE IR E o Lz Ah - R Z A E R HEEECEE M SR A - DI e S E R 2B - k2
Shriberg % A (1997) FTEFZ T EIEMEE 7 (PCC) Ryt 5-10 53882 5l B HEERA R IERE T
BHELTE TFEHREN TSI AR E S pE RESHERE > B ENEEZMER  a
HEE - Him < SEERE - IEEFAAIRIE (B - fRAOAHEEL = 2 GRS UR2R Y 2 IR EESR Y 2
TR Z R EE 2 ) DURBAGAIRIRE CRy (T TEE IS 2 SRER B IR T PR B BE MM T Ipeess
SRR 2 Rt 2) 5 b EHEER - FEHHIREAT M T IRE R - BIARTER L NA R 3 2
SERIIEFE R - —H=/ - SEANBEE T/INERAEEER ) - T/NEERERPER T L DI TN
HAEEE ) » FTEEARL ERERD —LE SR - flaE TR AEIZER ) fiEF  5]
HRERN A€ T/NE ) BE TIZER, "R TERE L, K TEL T N TR ARE AR
A IR 3% - B R TR R, T /NFERIDL Tz BRS TR FRDUMIER
PR 5 R E YRR R R R BT E  FE RIS PR ERR s o /@A BfIE RHRZ T
BE—EmA - ke, - (FEEIMBANSEE #2021 (88 K KE 78 - BEEME
DE B R -

TEHIAR P Ry © a. WFFCE 0 A fim o S0 5 e RE 50 DA RS BR B 5F PRI R RE 5 |35 £%7- B e 1 =2 Bl £ B
HUEES - K T E AR IR WS (B TSR ERIE - SRR E TR B =T |
BEETTHES ¢ b SEALEMEE R M AGAS [ B TR A - E AR R
FIT T30 P R e R s s A i R HR AT AR - W B S B BRSBTS
A 16l FH TE =Xt 0 e S ] R DURAG ASEET Tt » E Eh HDEAR A o Sl B i e Rl A Ry
B HEREEAE TARRIE?, » TR SEEEBREENESNEERAE  HRETS
R ETROERE N - BIDARTRE (BIAIMEEE T 2 S 2 ARikle 2 ) 5 ETREFZ
it -

K FRHIRE S AR IR BIEE (BESREBRZEESI6RAN) Hif - SBEHRAnE
ERLISMBNTEEI8FEE (SONY ICD-PX-440 ) Sk @ W DASRE I R L E T - HERE S
SEEEAR - DUR R S EEEF 8% o I 098 Shriberg B Kwiatkowski (1982) Et43 7kt E AR
BT HIEMEE 5L (percentage of consonants correct » i PCC) ERGEHEH ZEIE — « AFE
BEMEFEZEEER ARG BB —SEE S - AR SRR T —FE
17 BFES—HEAGHEERZE S R 10% < R EETHREE S R - &%
BRI EE T BTE S 3BRA PCC ZRE— R 91.26% » A RFHVEES B —2UE -

(2) BEEHVRIEE - AW 2B S EFEEEZHEAEE  MiEER eI EE  FBEWmPHEE
HEAEPERIEZE » DL B ZRAEES IR
a AL HREPHESE - AR Z W LM SR (2 - 2016 5 BRIZZE ~ 223 > 2010 ;
Hill et al., 2005; Nickisch & Massinger, 2009; Stinchfield, 1927; Travis & Davis, 1926 ) 3% a1l & 3R
HHESE o SEHIAR B — M A (E RS E0gE - Hoob - DL 1000 Hz B8 iES - B 15 BIEREHE Af 2
3% > 7% ~ 20% BIFETF - thEt /2 1030 Hz ~ 1070 Hz A1 1200 Hz - JHIEFE 5 b <7 38 1 T 52 /e (6 —#H
HIRi S5 % (FI] 1000 Hz B 1000 Hz ~ 1070 Hz B 1070 Hz ~ 1000 Hz i 1070 Hz DAK 1000 Hz
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Bl 1030 Hz) * FEfER8HIm & BRI EANA « &—(EF R R B R 250 ms » GHIRRIREIRE (inter
stimulus interval, ISI) % 500 ms > W S E5% 5 75 dBA °

AMEHBHA "TAX BHHES ) - RECEHPEER—H 2 ([ EECE - BEIsERE N ENE
HIET R R E - WEERMES D THS ERRR - B8R 0 TN 0 F- TR EE R
2T - AR AR ALK — 5 - SEIRIE O » QSRR F AR —E » FEIRiE X o ) R
T B FR I G B S B SRR O AR B Y o - DARECRSZEAE 7000 T AR L VESE o TR Uht A ARt
&g « 1F = A PR B s & Bl A DU RS E & (AA ~ AX~ XA~ XX) » X By 1000 Hz HY#f
WE - A OHEEREES BE-Prime fRHFEF - BRPEMAINEF 3R - SH(EEC B2 B =R B s R HHIR
477 a8 R (3 TSR AZREE X 4 EF X 4 KE®E) - FrERELZEFIEHET - 7
T T PR R IR SO A R A e AR B U SFE o FLE Y S FEE R FHE B E-Prime
ARECHEE o BRI 10 788 -

BRI S TSR R ) B T MR E YRR, o TSR E
HESR | RARE 5l 25 (e SR R B o AR s i T A SRR RS | R AR A SR
AFEH @ E  DUTRERSMERERE ) - HEtETE e (Hit) #Y Z{E (IR R B
NS B = B AHEEED) B EEE (false alarm ) 1Y Z (B (BRE i SOE R/ W 1 s i 2= 5L
RS ) - & (EE RS U BE -

b. FEEEEHHESE - AEEHEZHAEHN RN FZH LR T EYRES) - TEBBENEAT] 55
TFABENE  BEHEMEEERENE  AFEFATAEEVE  BE AR EEERE =
MRE SR A B M ERRE E EARRE S - A - BEEF IR AMTF AR EaERE
AL EA AGE S WP ESEY - DAT R B T R FERE ) - BB mPHEE L EES 6 /1
RRE B S ERE S EC S - DA 6 i E L B S EEE S S - WIEE S DL T R/ NE R B
T R RIRER G - RE S REE SR M E B 25 - PrERE S RO B S U - BSR4
kHz » F5LL PRAAT BRHS U EI R B i 2 Gl B S BRI SR R Ry 600 ms « FEAMRE & ¥ L2
WNEMFE1 -

x£1
BEEIHEEZHHES
ZEG $IHaE
W R | REYRIES W
2 BB e 5
ik | BT B R
2 BEHEE WY
R L TR RS &1
2 TR ERERE B
B LB — W — 2~ E BB LS

AIEZEMERA "AX BHHEZE | IWEES B S HET - BT E s - BEEIR
EHHEZ  SEECHTEIE SR DFER A EE I 2 K g 48 R (6 flERFE S #
e x 4 FEHEYIRE S X 2 RER)  BEETE LS - 2EFEEYHER - SIS EER
PEEE DARERE RS T B IR 2 2% HL R 48 R (6 R [FEIEFEE SRS “122 1321422324
34" X 2HEIEF X 2 REE +4 FEARERGE SIS 112233 44" X 1 {EEF X 6 RE®) -
i FH# e E-Prime #w P2 7 S GO 8k A B FE » H3H IR EE Cinter stimulus interval, ISI) & 500 ms
FEE FEHHRZE T — @ IR R EE R 300 ms » FIEGE IS 255 75 dBA -

BRI ITHIEIEE S TR T R | B T B E R, o TREEEAERRE B T
@ FHURE ) BRI SRR E & (E -

c. FRFAIEFEFRMESE - AFEMEZHE HIRREEE SIS 2 FEEE ST - WIMGEE B2 s
BHEEER  HEETREHES SRR AR PRAAT K5 ELRY R RE S i By R bl o 8%
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ZHU B TEE AR E2EEE N L SFER LEES - (FRENEAE - XMEEEEMRESEE &
—RBEMEHRL NERTRATHERTZHI (tai-ka/) + B—IEHEEREL - NEHIEE
TR R A BRI ERTESE T r SRR AR R - AL T AR T R
HIEIRE I RE ST © EZE—Fy Mtal-/ka/ B SEAIE MG, - MOV R B2 R A0 3E 2 o » AR(FE
RSB R/ NLE S RS ta/ BIE /ka/ - BERE M HERE K/ BVE I o REES R ER
B R BT o/ 0 TEREFEESYGRE R (F2) FIRER S 2 MR EIR (formant
transition ) RHE (slope) o FRIEE RSB B R RISIEHIAE 20 ms ££4  #FFRE R 260 ms - ]
WSS R ER R 75 dBA - IHAERMEIOINEE - —XKIBHR—@EES - 88 R : TNk #
— IR ES (RS - RIRESEEARRE EEE ERE SRS s R IRryEEE
KiGgHEE HEE RSSO - AER - EREINERA TR RS I ER - 2FE
TEMSEREE  R I (E LS A S e (I8 vs. Bl ) - RERBEINESK THESES
gt AR EASEHIATE 4 RiRE - EXEEREEEE Y 7 #REE  SEE S ghEm 4
28 o

xR2

/ta/-/kal CEREAERE S 2 BB 2H
/ta/-/ka/ Y REE

F1 F2 F3 F4 F1 F2 F3

fta/-/ka/1 729 1227 2737 3546 750 1120 2884
fta/-/ka/2 731 1231 2743 3550 761 1159 2906
/ta/-/ka/3 730 1234 2751 3568 738 1120 2849
/ta/-/ka/4 722 1239 2753 3591 730 1106 2811
/ta/-/ka/5 682 1248 2732 3605 725 1089 2789
/ta/-/ka/6 588 1284 2684 3609 719 1089 2780
/tal-/ka/7 543 1236 2647 3611 719 1092 2779

IS R R EIRE A G, (H /pa2/ vs. T8 /pad/) - DAERRGES B NE LR A -
1oy RN AR R RS2 E IR (2009) HIMFZEEER 5—7 BRAY 5 EE1F I TE S 55 % LAY &
PR 2 SRS i AR T I B B 22 EHI 22 B REEE A (2013) 1IH5EH
FHEETIZR « B pTE B2 2805 B8 (fundamental frequency, FO) "k /ba2/, HJ FO &K
S8k %L = 220 Hz ~ f %S = 160 Hz (BT B ERIE R R 34% HIME) » Sk fy =210 Hz (f
WOEIRACEE ) o THE /ba3/ ) HY FO 280k « %S = 220 Hz » (K% = 160 Hz (HEHTE{ER
7% E)  wEBR =210 Hz (FREEIRE) - GlBEBES2E —(REE B RES
PEFTEE AR FO (H » B FO 4 » B{EE RS I HAN R B2 BT HER R - BHE RN PR R
25 260 ms * R 75 dBA - RO EEEERE R« T/NK  F—MrEER—EEE - A
AR BIFPEREATE TR < $50 7 » < 0 AU - GEHAL BB ISR IRAYBEEE AR FTHEAY < 4> <>
HIE ek s - | HERBESNGE SR THEEE 2% - EXEHRTERE g - EX
TEEMERE S YR 7 ([HRE S SFErk I 4 X 28 K -

BRI TIEIE BT E R E N GRS IS /ka/ DU =B &I /bad/ 1E 1-7 FBE YIRS (5L
RS ) [IER o B A EER AR AR & /387 (logistic curve fitting ) FHRPRREIFRZRIR B - RERB(EAV ) -
REMEEZHERFESINENE TG —BE S - EERERE S AE LAY PR RE -

(3) SRS - IR E SR B RT S Bk R E - T EEE B FRN A S 2R E K
EREIRIRZE - K T IS BRI AREET] - (iR E Gt 25 e (1999) DLk
AT ELRHERL (2009) Pl 2 2285 - SREERR IR AR L lBRriEE 70 - ERDHR
HHNER G =URE - IR (F SERIERE R 5 0 & BIMIER (ESE - AWt se s E a0 M E-prime
8 W lER—  IEEAE - O ERT  EE A EE= - BFAE DU ESREN - 580
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MR HPUEESE - [l - Rt RRER R ERC RS - AESEO0 B EEE S S A E Fr
(EREE SRR (B ~ #F--%) - DI R ELE ERVEE R -0 FE =2 REEEE
dei - REDL S A EFVEEFAL T - WEMHEERTE - BEHANESET - ME-FINE
i > HERELAEBREI B KB © B & 25 th it selbe i ERRR R BB R AR R T U Rk (2006)
FIBTSE S HERE T R F AR T HOR RIS © B KA B-Prime fRPERZ 7 R RO e B -
RIEAEIRFEEEY AR Cinter stimulus interval, ISI) 5 500 ms » Fd B MZ#HIR 2R~ —(ER]ECE R
FRFEE Ry 300 ms » RIBEHYE EEECR 75 dBA » FEERZNEFATT ¢

a. MESE— - ERELAIET - 35 R E BT (E S I AV AL S E - B0 e A0 TR, -

b. SMERE o EEFIE o 3 R EHETRI(E B E AT A RER AAER - B0 TAE L, AT TR, -

c. MERE= o BRI - 35 5 AT A (8 B B R A S AR - Bl TR R T e

d. SHESEDY - ZEMIER(ESE - 55 RTINS A E TR 1R - ARRRE H MER Hrh—E 5 &
AR N REET - WAME o EEEEET (10 TER ) ) Ko EA=FE1 (Pl T BEE ) o Rl
TS EETHY E AR - DAL A A

AIEEUFVUEDESR - B @ (ERAE AN ZATEE 3 EEE - DIZ#KE (oFE
— =) RPACUERE (OESENY) BURHER - A H & DB 2 - o ER—
EREAE - (RS EEAIE ROOMER = BIAE R T IO - ERE R - fERE e
T REERZIEEE MK - TgREMER S  BREEWEETE REEN—5K)
PR AT IR R Py R S ERRISEE S (B0 - "L, ) - BESERIEIRIE TR B S R
MR R TR T SR ERER T ARBINER VG S B (R
B Ty ) o MEEEE RS —EREEEE R G A5 PR R E MR B R T o R o A
ARG - B ISE R RE R 3 K (B0 - Rt - e - ) o ARERES R EAIETR
(EFES2 T B TR R TR - SO FEE S WERE 3 EUE 1278
FEMETT RS - B & O e Py FeE R TR SRE R PR R E A RIS S RS TRl - i
IECEAN A EAARIEE - 2500 Br.2 i H DARERER 75 =Wk - Moo (F S 005 B pR e i 5 =0 -
FEHI B R FEERE IR - F— TG —&Y > RAFRRgeEh @y 5
AFHGER MY o ) - BT ERR ISR (P TRERE ) E=FEE (Bl T B
BE ) ) BB REREREDR A B ENERIULEER 3 K (B0 - BERE - BERS - BERS) -
RREFRAREREP—EFTET (F1A0 - "B S0 RicE R R1 T - @R THE? ) - SR ENE
[E1% > RSB RC s N 2 E - PLIFSEE SR 3 IR 12 7 - AR DARB A 5 UK -
BLPESET AV E S (B 127 - B —EEHH R 1 70 E#EtR 03 BESERRED 1275
FHREIF R T 48 1 - BRI ITTERERETEE I EES ER R FR 250 R
R (ElE ERRE IR -

iR

AW FE H R PR RE S R R ERE S N - RS RS RE e ZHRIHRR T - 1E5F
PrEple » RE S EMRREEIIRRESCE AR R - EREE T A « S R F EARRAE ) 2 HIY
B o TERERDEIE. AR R 1 - FF DGEIER AT PR A5 & RO R B R A R A R 5 A HH Y T
HTT o Btk > DRSS R T A IR nT REAY B RAILR -

3 B 46 BBl R E ZEARER A THEE NIRRT 2 B - SPEIERESCERS (TONI-4 B2 H
) Ry 102 0 fRHEEET 11.24  BIEHEIE - 8200 R HEE S BT8R 23 S HA s Wk 82
BE 2 FOR 60 - BURILEE S AR, S H R I SR R - fEEERE S B B i B AR
Fr B EH 0 FENOR 6.5 0 BURILEFER "B AR RE & IR RN R F R - BINFEE R -
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x3
RREBZAAEREZIFARMFEESIH
SE58 FUEsE i/ ME wAE
EETH 545 0.30 5.00 5.92
1l 395/ 1%&

BEAER FERESCE 102.00 11.24 80.00 126.00
FES R PR (H 60.00 25.12 11.00 98.00
HERT PRE 6.50 5.48 1.00 20.00
R E FAREIEMEE /0 b 65.27 9.55 36.00 78.00
TEzE PCC 62.61 9.38 35.10 78.12
FE S H IR 0.65 0.17 0.36 0.94
L L AU 1.03 1.12 -0.76 3.29
PR 0.75 0.16 0.42 0.92
ShE R 2.16 1.38 -0.55 3.29
FRE I BREYERER 0.44 1.00 0.79 0.18
(S B PHURR 2.01 113 0.1 3.46

=E FRER
?/Eta/ /k;'j " ( ;{%) 0.45 0.34 0.06 126

GIERE TR
(iaZ/—/p:!;? f; 0 0.48 0.33 0.06 1.08
FREEA T E TR 0.62 0.16 0.25 1.00
S FHIE MR 0.61 0.22 0.25 1.00
Eiiw B ERER 0.62 0.18 0.25 0.92
B EMER IR 0.64 0.16 0.41 0.92
B PR SEE B E ER 0.63 0.15 0.33 0.88

BTV H A et s B M E A AR - JERRSCERY » AR S H - APTMC FRE RS
7rH s PCC ~ P EAHBUERE « FES W AHRUEE B WY « FIRERE S TRRERRE - fEE
A FRREEAE - RV ERESR © EE FIETERESE  BEFAENERER « SEIHERERER - I EE
SR AIBR IERESS < R PER © RS R ROIERE ORI INR YRR - BUAIERA T e
i = PR R ERE SR PR IRE B~ FEE R DU RRRAE ST ZBA6R - AR RATT -

(—) EEEL  AENBREHEMEN 2 EnERY

BT EHEEE NS R GBS EHEE R APTMC FAGE EHE 2 LIS A
PCC » WFef5 SRR » APTMC 5B Eﬁéﬁﬁﬁthéﬁimﬂl;;%%@ﬂ%#%ﬁi%ﬂ%ﬁ%ﬁdﬂ%ﬁ (r=-316,
p=.039) ; PCC EIEIREFEETEIRERE (r=-383, p=.011) &%ﬁm**é;mwm IE (r=-309,p
=.044) EFFHEEMB - Hrb PCC HHIREFEF1ERIA RIHERME &S - MHREE -383 » X
52 APTMC G35 IEfE H 47 LB EE G5 5 FEREA R AU MH B (R B0 -.316 - jj% R GRE & EHEE IRy
FEIE B 35 1 P R SEBEE AR (APTMC: r = .075; PCC: r = .127, p, > .05 ) » BAZESZ & PR E

(APTMC: r=.192; PCC: r = 294, p, > .05 )  BFHEIHIEE (APTMC: r = -.035; PCC: r = .084, p,
> .05) MEEEAHE - BEBINE - AMEHENESHERIE D - SREEE S e L RS e
B EES FE HHRE S BEEAHRE » #91 SSD sy 715 R B Sl A & Bl 3B A T ﬁZFﬁﬁEE%HﬁE%H%%
M Hh D #HiRE R S HERLaE TR R BB - R S M FHE M - SR ER PCC
L I TR SR & R BEE IEAHRE (- = 309, p = .044) - Ef %ﬁﬁﬁamﬂfﬁﬁﬁﬂﬁ% |z ey ]
Bl o
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539 WRCHE R B R EE S A R R A 0 e B AR o W T PR R B o B B
%%E@%Em%(w—wzp—mn) A GRS EE A (r = 335, p<.05) ~ EFHA
Br (r=.356,p<.05) » HHiMER (r=.515p<.001) REEEHEEHEREE (r=461,p<.01) £
PEE EAHR - B E IR E S A (r= 360, p = .018) ~ EIHIE (r=346,p<.05) &
EffIER (r=.526, p <.001) KEERSHEEEFRNE (r= 415, p < .05) ZEEHZEILIER - HREFE SR
RIR(E B F EMI R B BT (r=-378,p=.012) - FEEFHEYIRIREEESZHE (r=-356,
p<.05) ~ BEFHAE (r=-378,p<.05) ~ HEIMER (r=-500,p<.001) KEEEEEEFHEE (r=
-459, p < .05) EHZE MR -

HEFE DA ROFERR AT RS R - TEIEHIEES SRS EM IR S CE MR E 2% - BB SR HER
FEEE AR TR RE T I R R AR R R R B R - AR AR R SRR
B2 1EEZ I R B AHR -

x4

RERERELZSHNE IS EHAEHEEHEN FIERBEESR

P

$ izt 1 2 3 4 5 6 7 8 9 10 11 12

APTMC &35 1000

TEHER

2. PCC 980%*F  1.000

3. PHEEEHBURE 075 127 1.000

4. FEEGHEEE 192 294 160 1.000

5. REHEHPHRURE 035 084 322% .607*** 1.000

6. W 1R -316* -380% -322% -350% -237  1.000
FRES

7. i -191 S309% -266 -436%F -.544%%F  535%%% 1 000

8. ERRFHIETIEREZR -.060 -012  -078 181 297 -044  -289  1.000

9. EHEHEERR 181 238 103 .335%  360%  -269  -356%  451%* 1.000

10. BIHHENEHESR 128 A81 075 356*%  346%  -278 378 412%F  889%*¥ 1,000

11. HEHERERER 228 309% 502%% 515w 5@k (378% L 500%K 372% 728k 723k 1,000

12. bl 158 214 039 A61%*  A415%  -229  -450%  6D4%FE R43%EE  goQmkk  JA5wEx ] (00
IEHER

*p < .05. %4p < 01, **5p < 001,
(Z) EENMBREEEAENHESELERNINTEAN

AW FEAEE S HRE A RI(EHERRE - B - Joll ATMPC FAGEIERE B 70 LR IREIE - IRIB S8
VRE RS - 7 = (EFE 20 I A TRIEAE - 55— P R PRIy B Ie - iRl ~ 3 S ARADIE
AR SR o B RRE S IREES] E&]\Eﬁi%ﬁ?ﬁﬁ%ﬁ%m%%*’ﬁﬁ PR HEERE S TENRR
H=F @%E%ﬁf‘iﬁ E77 » FRRA A ARG IE MR B RE 5 LA B AR RERS o R &R A
jﬁnﬂﬂJKéﬁEEﬁ% W g L B o M SR BT SR R AU BB MERE (Ftest) ZEFAE - BURILIEALE
HHMEES) » R R = 227 - RFTEIBGEREIE 22.7% - B R OB RS - 416 - 35
R R IR RE SO R R R Ry 12.8%  BETNEE S A1 52 Hh A NG A5 5 TR RE AR R R U AN 8.8% HY
fRET] - M R R B S B M BRAE TR R FF R0 1.1% HUBRREST - BUREIEHIFRS - RESHAR
KIEESCERERNR 2% > HilEE SRR N S RIMPREE AN FE T ELRI G E - K5
Fs APTMC a7 I 15 7 FLEMRER & 158 R 5 B Rk P T B A v 2R
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x5
APTMC EREEZMNE K S H88 3 < b B BEF AT
e %U\Eéa B SE B i R AR’
HeAE#IE © APTMC
1 Fie 8.03 4.62 0.26
EEEHE (T 5%0 0.09 0.13 0.12
JERESCE T -0.19 0.14 -0.22 0.13 0.07
1 i 4.14 4.80 0.13
EESHE (T 5%0 0.04 0.12 0.04
FERE SR -0.16 0.13 -0.18 0.13 0.07
2 HEFE SRR 9.53 4.47 -0.33 0.22 0.09
1 Fie 3.83 4.84 0.12
FEEHEM (T 5% 0.01 0.13 0.01
FERE S -0.19 0.14 -0.22 0.13 0.07
2 HEEEEETRRIRER -8.09 4.84 -0.28 0.22 0.09
3 B AR R 8.04 10.25 0.14 0.23 0.01

IMAERE & AR B S TR AR PCC HUTRIITE » DL RERAR PCC Ry WWWE$W
B HREHER - 2R = (AR R AR B R EHEE - UiEFE 5
HRRIJERE SCERS - SRR S AR EET) - OABLEE S A A B BRI - B EiEaE &
fERERER Eﬁ%&&ai%J??E&E?izr s R =PERE R RRRAE ST - BB EE A R R TR A AR
Eﬁ?’éf » DUT (R THE Y PCC HYARRETT -

i BT B R A B R (F test) SEEE » BURHRAIE A FMGE)) - RAREA R =
282+ FRFTEBIENI & R 1E 28.2% © H R’ OB RIGH - F# - 35S EM R IEESCEEN
TR R R 12.2% - EaEH R R AU SINE A5 2 TR R R R MR AR E AR R I A TR U - S8 T
14.2% HyfEREST - NS B AR Y& BMIER AE TR RGN 1.8% HUMERES) - BEURTEDRERF&
i = B R IRRESCERE AR R o HINERE S IERNET] - HIRE R TR AR R B MR RE D EAARE
E%ﬁm%ﬁﬁ%WE 3 6 Fy PCC BLaEE AN R S SRR A 2 e Tl B AT e 2

Btk o Ry T A SRR E RV BIH A NEE S A I RE TR EL R B R B2 R R - A 2 IE G R AT S
FGETTRR IR » FrER ARG 5 TEESEER DU AR 6 B B IERR I R 3R 7 - S IRE R Pl ARy

B TR AR A 25 TP I R 4 BT AIAS SR - B BRIV - R RS TR iR U R AL
SR B T B EATYE (LR B AR B - ARSI - DL IR RS AT REAITH IR R -
x6
PCC BRETMBE K SHRE M < BT
e A BIE B SE B i R AR’
fHIE : PCC
1 Fie 8.19 4.56 0.27
EESHE (T 5%0 0.61 0.13 0.08
JERESCE -0.17 0.14 -0.20 0.12 0.06
1 i 423 470 0.14
EEEHE (T %0 -0.03 0.13 -0.03
FERE SR -0.15 0.13 -0.18 0.12 0.06
2 HEEE SRR -9.09 5.10 -0.32

(M FE)
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x6
PCC BRETMBE R SHREH <RI (&)
T P AT B SE B B R’ AR’
HERE PRI R R -3.97 4.69 -0.14 0.26 0.14
1 G o 3.51 4.70 0.11
HEHEEE (T ﬁz\%z) -0.05 0.13 -0.06
FERESCE -0.18 0.13 -0.22 0.12 0.06
2 HEEE S ER ﬂ -8.32 5.16 -0.29
fil e SRS -2.08 5.08 -0.07 0.26 0.14
3 BB E R 10.41 10.65 0.18 0.28 0.18
x®7
RS MTFTER ARV R B RS IERR AR
BEFTR T HRAETE Sk 251
iR E fa Rl RlER
1 ATMPC FAREIERES 53 HSE R RER
B HIIER R
R RE R RIRER
2 SRBHEAZ PCC HEE IR AR
B HTIRR R
[ ATPMC FAlREIERE T 77 L
3 HEEEEZTRRIRER Sempe s poC
HHEIRR R
, s A et
B EIIER R
S EE R RIRER
. il R4S
] PR IEE imjcuﬂiégﬁﬁrt
SREHAZ PCC

IRIGHRER S SR rh o (8 BB TR AR & R R ERE & A HHRE DAOTH IR 6% - A SRR |4
[ 1 - 3l SRR T A A B AR L R (R B -

& 1
& BIEN S AT R EE

SERRERSE

..1%/[4 o ngs

e EEEL:
EEE TS APTMC TS EEE AL

BRI
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DARE S A R OB TR - HREEE S IEE AR BIEE S EHEE)) (APTMC FREEMEE 7 - B
AL PCC) B HBERITAMY) - #ilEEE S 1E AR E APTMC F 35 (E/E H 43 H AR R b B 4R
bRy -336 (1=-2268,p<.05) » BISEEHEAZ PCC AIEHE(LEER (RS b By -313 (1=-2.13,p <
05) - FRHIERE SRR R APTMC SRR IEfEE /3 [E R SR AZ PCC HEE N HER ] -

DIE SR BT RS MR EER R AB IERE - SEEAZ PCC B EIMER ERERE HETA
IS o (L SEER (RS b R 1.99 (1=327,p<.05) - &WEFE SRR RELHIE B & FTE AR
HE IR IEREER A B RTERT - (LR RE b 53R -.133 (r=-.83,p<.05) & -456 (1=
2.75,p<.05) °

DUEE T HIVE R #0585 18 20 R 0 R & U e B TE I - S REEAZ PCC H#iNSEE
FIEERI G EETEE] - IR MR R b By -1.68 (1=-2.52,p<.05) - HIFEEEERIEEAIR
WEERRTE] - SR GEERRE b f -3.07 (1=-533,p<.001) -

i
(—) FENE SHRBAMETEL ZERM

A FE AR BIRE T 2 HRE ST HUFEIEE APTMC FAE IEME 5 43 LLAT PCC » FE S AR FR R A0 HE -
FE SRR A IERER  FIE SR EAHEUEE © FE S SRR  BFEIEE  JRSRE S TERR
R HFEFHERRER o (ERHEE RIS W A0 = i R Y RE & S PR RE S AR R SR Y
— A T f# SSD FLERVFE S MR EETT - HEH RIS AR IR - EE AR EER
BIAE LR - FEIMER RS  EEENEAGETRA (581 R - BB AR (R
BEE) BUEER - A TR SSD RERHHEEES - AN HRE T AR N ZHE
N NE R EHEET] - bW R ERE SR (BERR ) 1T BRI Mg - HE
SRS HEMEE TR ENGEST - MIEFTREMRERT - PIAERAE - BAAE - KB
FRABERERCETLZERERES (a0 "=, /1 T, ) - IR ER S R (DI
BE7ECC) - MHETE RI(EAS S DRI B - A DAL (F S0 R e g R B R iR B RE
TEHE ) (FRAD AR R ERA SRR AL — - ARSI R TR
WERAEHERT A (EIEREDRATEEEAR - R ER SR eI X AR -

L. G5 HISEAIGE & A HH A BR £

FHEE 4 FOMHRAR B 2R vl A 355 2 AU Re ([ FE AR B AR 35 R R R & MHRE - PCC
B4 W A SR FE SR A SR s T e 2 FERE - Eorp PCC B NESE S FEER A RV AE R i - MBI
3 -.380 © HUE APTMC 735 1EHE B 47 LLEA HiRERE S el AR AMHB R EGE -316 - R T H &
T EIRS A S e N S E T R T R ENERER AR - — RS SEE S SRR
FEHT R B R R - 353 1 B RN AR R a8 22 S 5 FR A (g ) i i 43 (L ok
TR SEEAEESIER - R EE S A S e M E A S S MR BRI S - WTRE S
AR S PR BLECRYE - AWTFCER 35 B AN EiE S5 S Te AR AR ) SRR 5 AR U A AE R PR A
w2 MR EER - TEIERE SRR SR E AR A AR IR R S IR T R
HYHIRERE & fE AL B ah o A HBAE R BB SRy —THRE /T - BLIFFCAE R AT REAVARRE Ry SSD S EE SR
W5 RE S I B BB (L URR P e 2 - BRI 6 P O ZE 5 R 0 S L 22 B L R R R 2R
THIRIESERAESS o KT LR R BEAERNME (FEEEA 0 2013) » HESSD A
HIE BRI E  FRETENZIVE  WEZMEEEMHNE - B—HHE - mEEEE
HURE TR FE IS Bl i 5 W A Rk P S B2 AHRE ( APTMC: » = .205; PCC: r = 216, p, > .05) » HIZEREL
HEER IS RIS AR R A AR TR ERA(R - L (2016) BURS SRR GRS
B G A E @ R A RS R RSN ERE R I e
RGBS E HEE I E R E -
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bR T HRERE S TR - AWTFERr I ERRE S AR (R EME O - TEEEE )
A Gk PR R P PR B R - Gosy B Horvath (2015) HIRFSEAGSR#ET SSD B
FEARE IR - AR E R A REBIEEFE HIRE S TERR - ARIMIRLIT 72T B I AURE S @ AR Ry
FEFEIEEE S AT B L (A [gev] AT [bEV]) -~ ABFFEAT RS AR R B B /NS
FEEL (BIAN [pa2] Ml [fa2]) - MHELZ AL Z GBS @A ERE RN EE » SOME5HE (2016) 2
Wt SR th IR B EE S R R R W RE B i S EAH PR 2 R R S | ARRE )
BAREF A HHRETTERA (R - #ERFE (2016) HUWIFEAE R 6 sl — L EAEEPF LT - TXRE
BT MEIHA (BE - i SRS BB FERT 0 EHIE - B

i
==
e
=]

PEDUR R 35 LR S8 AR AN UL IR 25% » BRI Y U B MR SE 2 BB ShRE B L - 1A
DHERmENRE S H LA S E A (BE - G - EE) - BREIL  EXREEHIEHIRER
HEAM TR AR — i R E MR RS - B S T BT 5 5 S B A5 = B R R -

ST S AR TSR3 S5 AV A ) o L\ B LA o5 U A - LoD
HHEA  HERAE LR A ORI B ) -

2. H TR A H N B R

Ao MBS TR [ - B3R 4 WA R ELAETIHY PCC B 5 BfiMIPR=E 2] REAHRR - Mgl
HAFERR S AE R - AR F RS D SRR T A DR AR - &
ESERRRE I RE N B R S A R (R AT TR SRS - FoRTERL R PE B - BUR BRI Ak Ty
TERt o E R PR E RS - REHREE (F7) R HESE A BEEMHR - M

I S e L B S P R B PR AR - TR R S B R e ta - SHEEFEIERE
FHBCRAYBRAL - FEE I R G Mg (L - R g N AL RS a% (Nittrouer et al., 1993;
Nittrouer & Miller, 1997) » AWFFEREFRIIEL 5 5% 7 EAEEYNFALHFH R R AT RE M R AR -
DRI FE BERE R A% T » B/ NBE( 5 BR R AR I AN RE S HH R 5 HE RS P 75 LA PR A -

3. RHE RIS L TR N B 6%

W FEAs SRR RGBS A A& E R B S R A N R R AR A B ER - S e @ P R
FEE B MR IE R B2 TEAHRA - BB @A RURE B S A - B A - S EIMIPR R e SR
B IEMER R E R AER - B @ P R B A BRI - S R MIPR R B iR R B
SR EAER - #iEEE S TERN R R A B S B PR 2 R S AH R - ENE R G PR R B AT
I MR S RS T BRI B 2 A B - LR AT B R AR R RE SRR A
R RE R R TR R R M E BN bR IEMERA BT ) - BURGE S R B S AR ae JIMFAE
FZEZ AR - UG RELE LS BEFREERER (the phonological representations hypothesis ) FHF
( Goswami et al., 2002 ) -

4. GHEFAISE ~ AR LR A H B 1%

RN EAEIR - fEVEHIFEG © S5 HMEIREE SRR R 2% - EEERE RERNE TS
R NGRS MA MR - HrREE S R B A 5 2 T R 2 B B AT = B A
B+ (EE MRS = A R Re T BdaE & A H < RIS A B o TR B B 1 - #EsmH IR - LS EEE
R (speech processing model ) ~ HHEEFE RGN (the phonological representations hypothesis ) 2
FEEE A AR (developmental weighting shift) SFE2ERZKE » FEEHHIE M EHEFRFEBIRGES
i AR E A FEAR - B A A sg B R AR I E G A SRR - R A AHRR MR = - 2RT » B
B2 » AR Fehs S th 28 B A0 5 2 HH BE S 0 2 AT FEAR - (HEE S B EE S AN A S iR el i & 2 R
THEFERAME o WFZERERBUREE S & (IR ) Bl HINERE SRR AR - HREER & PRl R B R IE i
FRERAE FHER - B LERETRE N HIEE F E N R AT TR AV RS - Hh iR s SRl B EE S A HY
REJIZ HERAME R = - R HE AR IR EE S TERE B et & i T EE R R I E 0y —IHRE )] - iR S el
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RESIBUY - REEEHRE I LA - MRS EHEEHEERZH - PCC BEHIMNFR LR MA B

EIEAHR > BURRE S R RS EIRAGE Iy - FEE EHRE ST - S50 - WHSEAE R EURGE
FAREEHEARAE T LA 2 e LRI R A EARE S R R B E R RRRE It

A o S Y P G T SR T — % TR R 2 e B B A R R T S R B X AR IE R YRR - AR R AT
HIGRR RorB B S G TR DL ERVFHRBA TRt » SR B HENGETERES B8
HIEL R B A < TR e B FHESHHRE - BB B AF L 5 R A THRE ) R nUAH B 14 Bl —
i MM > i EPEEMFHE B SRS (Goswami et al., 2002; Nittrouer et al., 1993; Nittrouer
& Miller, 1997; Stackhouse & Wells, 1997 ) -

(Z) EENEREEERRNETERRAN

ERANIELEERT SSD L BT HRE B M IR AR IS (Z2FKEE - 2015 5 HREFE © 2016 ;
Bird & Bishop, 1992; Cabbagee et al., 2015; Carroll & Snowling, 2004; Gésy & Horvath, 2015; Hoffman et
al., 1983; Nathan et al., 2004; Nijland, 2009; Rvachew et al., 2003; Rvachew et al., 2004 ) * BAFES A1
BLURCE AR T HRGE T AR E TSR EE R AR 81 KA FEa B R A
FEE HRLIURIERE SN - BRRIRE B - SRR MEE N HEE S A e ITHE T -

AWFE R 1T T RERE B A R B R RE A RV TR T & = IR TRAIRA 7 - H5 5
FEIGE A T R A I R o A e rh o B — SL S TE N A RE A RE B R R TR
77 - fEREE A B EERE S e R T AR E A A B RITHE ) - RERREE 313 ~ -336 ¢ £
NMERE S EHRIRERRT » PR ERE < AR R E RNRe ) - F EE AR T AN T - 58
BRI S ENERE SR GE - A EE R SR S EEAE R AT T
BEEE R MAEHNTFEREE SRS  SeEEE BN SRR - FanEHm

(Goswami et al., 2002; Liberman & Mattingly, 1985; Nittrouer et al., 1993 ) - FREIFEFENE
WEHEEERNSE > ERENEERESE LT - SR ey o LB EE S A
B HE EE A H R AR EAE RS T Liberman B Mattingly (1985) FrfE HHRVENEHEGR @ S BEEE A
BB R RS -MESEEREET  FEIMERAE I H5E & EH R TER I ASZEE K E -
KB E EHPIEEEA PCC B ailkReE 1B EETHRNT » BRTE S sERMNEEEEE R
o HEETERRRE NGRS A HRE VIR E R E T o HEEIE R AR R B S B A S B SRR AR T
EFR . HEd e 5 & A a2 (e E 2 s Bk aE JJRYZE 2 - Stackhouse A (2005) HIWF4EH
REFER RIS e A KEESEZE MR - FEEEE T RE B S e
HIFERE - TIRERERE g A T EET » REHRENEESRsEEMEE 0 gf £ &
- FRy 0 B R ERGE S E R BT - W LB B R B IE MR B SRR R RRE S N - ET
BE TR -

SN SR ITHIEERTTLLE R - SREA PCC T $ 5 ETMERGE I E E=rTHE JI4h -
HHEIRSRE S e M HIS A el e D A E I TEE ) - BRI R AR R R ERRE A HEE
T FERERNGESNE R EEEMEE EEE ) RENE TR Mg R8T
B ETNRE S S R B R R R o OSSR TIIFT Levelt A (1999) AR AR - HEHIE
R R RE R e B (et an I B o B PTE A RVEEE IS GRS E B E » MEEE S
EERREAMEANEENETHE S G EHEERE IEHE - EME RIS HIEE
ERIERITHRE - RIRE S E HRE TS B RE S I RE INUFE R o AL ETIAD » ARSI E AT
EEEE HENEEEMEE ] - MRS eSS R S AR 2 RE L
BIEEEMEse e B g tige ) - B s Eth g B g iaaiiee ) - memeise ity
ARG S MBI - M B S E HEE ST - REE E AT R LA A1 B S B EElfE
EEREE A N e PR - SR I MR bl 2 B A B R -
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AT IR Rl © RS B MIRRE SO R 1R - AR R RE N T MR IRE S AR
(HEMERE SRS - ®URREARTERE) RS (HHIMNER) BdRES & A B R - Hrh il as s
fRRHINGE S E LA ERNTENT) - BUE e IENGE T BN A BRI ET] - MR R
R REARE T RS EREREE X TR Imkan 2% -

AT FERT IR B SRR B RE T B 5 A S R R R AR AE ST - e RS BE R E RRE B RE ) R
e HAbE A (PIAIFERAERRRES] ) - R R AR SR R il 5 2 B HA S SRR B e ) B
A E EHAIRAGR - S350 - HETSH RS R REE M AR TSR mHEA - — 2 DB ERI R
EHNGFE > — R DIEE S R IGH R o DABER S R AR U E 3 ks = A B (R Ry
595 EERHCE AR E AR RSN 5 DARE S R LB A =X R 2 o i s (1 ZE iU S R
FETRE SRR LS o DOl E S RV H FISE IR SRR (Bernthal et al, 2013) < 1R
ARG R AR T AR T8 ) B 3R AUFIRRIGE - TERERIRIR G - IsseE s @ (Bl p
MFEFEE SRS ) LEEEHS (PINRERFESHR) TR RERTTIEHIRE  FIRGES
7 AV IEMEDE 5 ERRAVRIRTE - fiod R EERE EE a EW ENE(F - #E R EMERYEE S A L (E
ZIIEE th RER B Sl B AERE o AR B AR R R A R I - W R RN 1T RE S L B B P B2 A e s S B AR
KEEEEHRES -
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According to the definition of the American Speech-Language-Hearing Association, in children, speech sound disorders
(SSDs) are defined as speech errors that persistent even after a certain age. Studies have shown that children with SSDs may
have problems with phonological perception and phonological awareness in the preschool stage. Some studies have suggested
that when treating phonological abnormalities in children, training for speech perception and phonological awareness may
also improve treatment effectiveness. However, at present, studies examining the relationships between speech perception,
phonological awareness, and speech production of children with SSDs are lacking. To develop an effective intervention plan for
children with SSDs, the relationship between speech output and speech processing-related variables should be determined. This
study systematically examined the correlations between the speech production of children with SSDs and their levels of speech
perception and phonological awareness to provide empirical evidence for improving clinical intervention design.

By using speech processing models, this study inferred the possible reciprocal relationships between speech perception,
phonological awareness, and speech production. Children develop speech perception abilities (such as basic abilities to
discriminate and identify speech sounds) in the early stages of development. This basic speech perception ability affects their
abilities of speech production and of phonological awareness (e.g., building phonological representations and manipulations).
The development of phonological awareness would improve the fineness of speech perception abilities, which in turn affects the
capacity of speech production. Moreover, the perceptual and motor feedback provided based on the speech production ability
in preschool children may also promote the development of speech perception and phonological awareness in these children.
Although the reciprocal relationships between speech perception, phonological awareness, and speech production in children
with typical development or children with SSDs have not been consistently demonstrated in the literature, speech perception,
phonological awareness, and speech production are hypothesized to have mutual influence in children with SSDs during
preschool ages.

This study examined the relationships between speech perception, phonological awareness, and speech production in
preschool children with SSDs. Participants were 46 Mandarin-speaking children aged 5 years (39 boys and 7 girls) with SSDs
and without any other sensory or developmental disabilities, such as intellectual disability, cerebral palsy, or hearing impairment.
Their nonverbal IQ was higher than 80 on the Test of Nonverbal Intelligence-Fourth Edition (TONI-4). Their language

comprehension was also more than —1.5 standard deviation on the scandalized language test. Several self-made computerized
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and standardized tests were used to measure their speech perception, phonological awareness, and speech production abilities.
For speech perception, pure tone discrimination, speech discrimination, and categorical perception assessments were conducted.
For phonological awareness, assessments of rhyme judgment, initial sound judgment, tone judgment, and syllable deletion
were designed. For speech production assessment, we used the Articulatory and Phonological Test for Mandarin-Speaking
Children to assess individual children’s percentage of correct word production. In addition, the speech samples elicited from
the conversation, comic strip cards, and storybooks were collected and analyzed to index the percentage of correct consonants
for individual children. Correlation and multiple regression analyses (including path analysis) were used to examine the
relationships among these three speech-related abilities as well as the ability of speech perception and phonological awareness
to predict speech production in Mandarin-speaking children with SSDs.

After controlling for age, language comprehension, and nonverbal 1Q, correlations were observed between the speech
perception, phonological awareness, and speech production of children with SSDs. Most measures of speech perception and
phonological awareness were significantly correlated; however, partial correlations were found between the measures of speech
perception and speech production. For example, the identification slope of consonants and tones was significantly correlated
with the speech production ability, but pure tone identification was not correlated with speech production. Speech production
was only correlated with syllable deletion, but not with other indexes of phonological awareness (i.e., rhyme judgment, initial
sound judgment, and tone judgment). Furthermore, the results of multiple regression analysis showed that the identification
slope of consonants, tone perception, and syllable deletion had explanatory power for speech production. That is, the speech
perception and phonological awareness abilities at the syllable level could predict the variance of speech production. Among the
predictive factors, the identification slope of speech was the most powerful predictor of speech production. In path analysis with
speech production as the dependent variable, the categorical perception of consonants and tone had direct predictive power for
speech production.

This study revealed that after controlling for age, language comprehension, and nonverbal 1Q, the speech perception
sensitivities of consonants and tones (especially the phonetic identification of categorical perception) and phonological
awareness (i.e., syllable deletion) of children with SSDs were significantly correlated with their speech production at 5 years of
age. Among them, categorical speech identification had direct predictive power for speech production, showing that this ability
has important influence on speech production, and this result indicates that children with SSDs may have inferior abilities of
speech perception and phonological awareness.

This study analyzed the phonological processing ability of children with SSDs, and the results are similar to the previous
hypothesis for the normal development of children’s phonological processing; that is, speech perception ability affects speech
production ability, and phonological awareness ability affects speech perception ability. The improved phonological awareness
ability may increase the fineness of speech perception, which in turn affects the speech production ability. The perception or
articulation feedback provided during speech production also promotes the further development of speech perception and
phonological awareness. Overall, a close interaction exists between the three speech-related abilities as described above.

The phonological processing capabilities covered in this research include speech perception and phonological awareness;
however, phonological processing should include other aspects (such as phonological working memory). Therefore, future
studies should explore other phonological processing abilities of children with SSDs to gain a comprehensive understanding
of the phonological causes of SSDs. In addition, currently, two major approaches of intervention exist for children with SSDs,
one based on motor skill training and the other based on language processing training. The articulation-based training model
focuses on motor skill training for speech production, and this training mainly involves teaching the correct articulatory
movements of individual speech sounds at the speech production level. The language processing—based model emphasizes
the buildup of correct phonological representation of the complex phonological system for children with SSDs to correct
inaccurate speech representations and speech errors. According to the results of this study, training involving both “listening”
and “speaking” is important and should be conducted as an early speech intervention for children with SSDs. In terms of
listening training, establishing phonetic discrimination (i.e., distinguishing the same or different speech sounds), identification
(i.e., defining the specific speech sound category), and phonological awareness (i.e., detecting specific phonemes) may facilitate
speech production in preschool children with SSDs. The establishment of correct phonological representations for children

may facilitate precise speech production. In terms of speaking training, children should be supported to observe the position
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and movements of the speech organs during articulation training. The feedback of correct speech production movements can
also facilitate children’s speech perception abilities. Overall, the developments of speech perception, phonological awareness,
and speech production are intercorrelated. Speech perception and phonological awareness training should be combined when

implementing speech interventions for children with SSDs to improve their speech sound production.

Keywords: phonological awareness, speech perception, speech production, speech sound
disorder, categorical perception
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