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ABSTRACT 2. EXPERIMENT: JAPANESE 

I h1;1 collcctcd limi .li~pi~ncsc :IIKI I~Aplish sho\5cd that hotli 

phoncticall~ 1’1lll! \ oicc’d and (partialI!,) devoiccd 

;~llophoncs 01‘ d ha\ c \ c’r! Siniilar pcrttirhator! clfecl on tlic 

ITI 01‘ 111~ li~llou iny 1 mrcl. II is considcrcd. thcrelim. that lhc 

phonetic \ oicing 01’ :d’ (pcriociicily Itwiny the closure) iS 

1101 clearly corrclatcd billi Iobcr Icwls of I3 011 Ihc 

li~llo\\ iny \o\\c‘l. :\lthoiyh the I4 pc’rtiirlxition ina> hc 

c;~uml h!, mnic‘ ;ispcct5 in the production of the prccctiing 

ztop I\ hidi i\ not ilcc~Ss;iril! manili’stccl iii iictuiil weal cord 

\ihr:iti~~n. IliiS rcwlt indicates that thcrc is still il possibilil> 

thiit l~~‘ol~lc ina! dclihcr;1lcl~ control the I-0 01’ lhc I’c~llo\\ iiip 

\ o\\c‘l iis 211 atldilioiial cL1c to Llic phoiiolopical dil‘li’rcncc 

I~cInc’c’n \ ~biic’lcs.~ ;ind \ oiccd \top consoiiiii~ts. 

I. INTRODUCTION 

Ilic h;isic phoiictic corrclatc: 01‘ Ilit’ phoricmic [*voiccl 

coiitrit5t iii ;I \top conwniiiil ib llic prcscncc I’S, lhc abscncc 01 

I IUI cord L ihtxlioli during llic closure 01’ the stop. I lowcvcr. 

il Iix hew notd in ionic IaiipLiapcs lhat tlic phoncinic 

If\ oicc‘l coiitriist in ;I htop consonant is phoncticall! rcnliwi 

OII the‘ basis 01 dil’l~rcncss in 1’(Yl‘ (I.idcr and :Ibrxiison 

I%-l ). I’licrc’ iirc I\\0 I! 1x5 01‘ ;icoustic ciics ilistinpirishiii~ 

photiciliic \~oiccJ ;md \ oicclcss stops. In I~Lnplish. thrrcliw 

\\ortl-initial \oiccd slops;’ ina!’ bc: produwd cithrr \\ ith 

4iortI! -clcl;l! ccl phonation (short-lag VOI‘) or ad\ and 

~llloll;llioll (I:0 I’ Ic;ld). 

IO nati\ c speakus 01‘ .I;ip;inoSc (the ‘I‘ok!~o pitch-;icccnt 

s! slcin) u ho \\crc rccruitcd liwii the stiidcnt n11J Sl;ll’l‘ 

popiilalions iit the ,Iustraliaii National I Ini\ usit!, (AN I’ I. 

p;irticipated in this c~pcriincnt. ‘Ihcrc wrc 5 miilcs and 5 

lbrnalcs bct\wrn 2 I and 15 \ cars ot’afc. Ail 01‘ thcni \\ crc liiom 

‘l‘oky or the prsfccturcs x~jxu~t to ‘I ok\u and linishcd thcil 

schooling thcrc. A rcadiq IiSt coiitz~iiiing 4 dish Ilahic 

\\ortls shou ii in table I waS prqwul in stuidarti K;in,i i 

orthoiy7h~ I‘he lirsl (‘C; Scgincnts 01’ thcsc \vords coiitr;iSt 

hotli iii tcrins ofthc pitch 0l’V: IOU ;md high pitch. and iii 

tcriiiS of phoncniic \oicinp type of C’: I--\oiccl,l-~oicc]. and 

thcx CT’ ScgiiicntS arc li~Ilo\~~tl b!, k:. I hc inli~riiiaritS \\crc 

i1Acd 10 wad the list tbicc iii the liwic iii the recording 

studio of the phonclics Iahorator! ill lhc :\NI. l‘hc m;itcrial 

was rccordccl on high-qualit! normal position tapa irsiny ii 

Nakamichi tape recorder uld 21 Nakamichi C‘hl300 carciioid 

microphone. 

I 
Slimuli taki “\\ ;~tcrMl” taho “hitc” 1 

I. II II I. _-...- .~ -... - ~. _ 

part. sa!’ honorilic 

11 -l'lcasc Sil\ IlO\\” 

Table I : Icour test \\ords and a carrier ssntcncc. I. and I I 

‘l‘hc lir\t aim 01’ Ihis stud! is lo xc \\ hcthcr thcrc is ii 

tliI‘lbuicc or 1101 Ixt\\ccn thcsc t\ro allophones 01‘ \ oiccd 

5topS. iii lcrms 01‘ the pcrturhator~ &xl on the I+ 01‘ tllc 

I’ollo\viri~ \o\\c’l. I hc wcond aim 01‘ this Stud> is lo 

rccoiibiilcr tlic chiirxxristics 01’ co~~sonanlall~ induced I’0 

lxrlurhation in the light 01‘ ‘l‘atham‘s ( 1988) allophonic 

clil~\iI‘ic;ltion OII the hasis 01‘ ihc rcsulls 0ht;iincri li)r the first 

illlll. 

stand li)r lo\\ pitch arid high pitch. respccti\ cl!,. 

l‘hc carrier scntencc in which cach test \\ord \+i1S iitrcrcd \\ ;I?, 

digitised \\ ith Illacrccordcr iit ii 22 k1Iz cl’lixti\c r;itc 

(sampling licquenc~ = 22254). then ctlitcd and anal~scd \\ ilh 

Signalvse \ crsion 2.08. I:0 \ alucs 01‘ the lirst vo\\cI 01’ each 

test word wrz measured lo sw the pcrturbator!~ effect 01‘ 

prrcoding stop consonant and the dutxlion 01‘ pcriotiicit! 

abssnce hcliw lhc relciisc 01’ ,J.‘-il‘ it is (partialI\, ) 

tic\ oiccci-(0 set the pcrtiirhator! clld 01‘ da oicd ‘~1% I:() 

\alucS \\crc: pitch-s! iichronoiisI\ nwiwrcd with ii iiio~ix 

ilircctl!~ liuni difitiscti audio wi\xli)rnis displnycd 011 ;I 

hlacintosh coiiipwr screen in ;i tinis-domain roprssentntioii 

by calculating cadi pcriotl 01’ wcccssi\ c \ ociil lidd c! clc. 

I)uration 01‘ periodicit!, ;ibscnc~ \iiis ;ilw ni;1n~1all~~ mciisurcd 

bith ii ni011Sc dirccll> from digitiscd audio \\avctiwnis. 

2.1. Results and Discussion: Japanese 

I lit dai;i iiiclutlcd iii [his slurI! \\crc part ot‘ii large btudy on 

c~viw~ia~iti~ll~ iiitlucccl I:() pcrtm4xitiori in .lapancsc. l‘hai. and 

I:ngli~ll (I\hih;irii IOM). l’lic inclhocl OK dala collection. 

Ihcrc’liw. rcllccrs this liici. I‘hc data obtained liwi t hc 

q~criinciils on .I;ipmuc and I:ngliSli arc prcsciitcd in the 

prcwit ~tutl!. 

‘I‘v.0 types ol‘ \iO’I’: short-Izig VOI‘ ;iind VO’I’ load. ucrc 

rccoyiised iii Id: ~roni lhc JaparicSc d~ita. I:ipurc I coiiliiins ii 

SpWch \\awlimii 01‘ ‘h (I ,) sC~lllclll 01‘ ‘dilkLl!. Ill IlliS 

production 01‘ :d:. the pzrioclicit!~ 0l‘:d. die OLII aticr 30 iii5 

inlo its hold phase (short-lag VO’I ). ‘l‘hcrzli~rc. Ihcrc IS ;in 

abscncc 0C pcriodicity bdorc ihc rclcastz ol :d: liw 4.S ins 



pcriodici~! dies wl 30 

iii?; into ,LI hold 

/ hursr 

il LI 

Figure I: da (I.) scyiienl 01‘ d;ikw (1.11) preccdcd 17~ the 

c~l‘li~~l 01‘ ;I: and li)llo\kcrl b!, rhc hui-sr 01’ ,li; (‘l‘hc I‘irsr token 01 

Spcakc’r .I\,I.: ). 

IAN I’ilcli I liph I’ilch 

SpC”kCI I 3 I 2 

s 14 I 

.I\12 7, .) 0 3 30 

SAli -15 5-l 30 

s Al.1 I 0 31 

.lhl5 I 7 IX ‘2 

s1:1 x I 4 I5 I4 

.11:2 I 0 

.11‘3 

.11-t 2x I8 27 I 0 

.I1:5 

-- .--.-. 
\,lMll 33 22 

‘Table 2: ‘l‘hc distribution 01‘ VO’I Icad and short-lag VO’I‘ i II 

.tapancsc.“-” mc~~ns that :d: was fully wiced in production 

xid nmiic~.;IIs rcprcsenl the duration of periodicity abscnct: 

bcl’orc lhr rclciisc’ 0l‘:‘d: (in ins). I stands Ibr lirst token. and 2 

liv econd token. 

.Iwiging Ii-om Iablc 1. Ihcrc iirc no clciir restriclions t&ring to 

Ilic occurrcnccs 01‘ short-lag Vol‘ and VOI’ lead liv xi;. WJI 

Iwl collsl;lllrl! appcirsd in all 01‘ rhe :da: sc~mcrlts 

arriclilarcd IT! .lM I. .ll~3. anrl .tl:5. \+ hilt shorl-lag Vol‘ 

coiial;untl~~ appwrcd in all of Ihc .da: scgmcnts urtercd h! .tl:I 

aid .tl4. Moreowr. liw .tM2. .lM3. .lM4. .Iblj. and .tl’2. horli 

dwrl-lay L’() I ;ind W )‘I Id \\erc ohscrwcl. It seems. 

thcrcliw. lh;Il lhc sclc:clion 01‘ SIlOI?-Iilg VO’I‘ and V(TI‘ lead is 

idios! iicixlic. or lho ilrc‘ in lice wriiilion \\ ilh cilch other. 

rather than one llia~ is go\ crntxi b!, phonological or phoncric 

rules. 

l.ifwcs 2 iiikl 3 4~0~~ lhc I:() p~rturhnlioii shapes ol‘.ra! (I I) 

ill111 ~tla (I I) scgmsnl5 uNcrcd II!, IV12 alItI .IfVl5. rcspccti\ cl:. 

Hit I’0 wlucs ;irL praphicall\ prcsenlcd. plolling lhc raw I.0 

KIIIILY iis ;I I‘unclion ot’ glottal periods. Ttic rab I?) \alucs 

ncrc I-lc31txI (unp;iircrl OIIC lail) bel\\ ceii Ihc \ owcls 

li)llo\\irig I and ~1’ at each pcriotl. In Uic t-lab. 0.05 biis 

set ils ;i Ic\.sI 01‘ \iynilicancc. 

I loll 

0 7 3 6 x IO I2 II 

Figure 2: I-0 pcrlm+xilion shapes 01‘ Aa! (Ii) d ‘da: (I I ) 

(spdcr .tM2). X-axis is glollal period. and Y-axis is 14) (I II). 

[.+wicc] slands fix ii l‘ull> voiced !d!. and I-\oiccI for ii no1 

fully \ oiccd :ci;. 

In both ligurcs. Ihc FO \iilucs ol‘thc vo\\cIs followd 17). 

phonemic A.’ arc‘ sipnil‘icantl~ Iowr than lhc ones tollo\\ rci 

I>> 3:. In lipurc 2. although :‘d, niis dc\ oiwd in lhc I‘irsl 

lokcn. the I-0 perrurbation shapes 01‘ the tirst and scconrl 

kkcns ol‘ Idai (I I) are \cr) similar. and the I.0 \alucs ot’:tl;~: 

(I I) arc still signilicantl! Iwcr (p 5 0.0204) than rhosc 01‘ 3:1. 

(II) rrom the lirst period 10 the sixth period \i hich is rhe liisl 

coniparablc period. In liyirc 3. although !(I:’ u as ikvoiccd lb 

both lokcns ot‘ !diL’ (I I). lhc dilTcrzncc iii I:0 L ;iIws c;ius~~l 17~ 

.‘I/ and ,(I: is dill sifnil‘ic;mI (p 5 0.0122) I’roni lhc lirst pcriotl 

lo the liwlh period. 

A hl H I 

. h/ H2 

A /da/ HI I-voice] 

0 /da/ Ii2 [-voice] 

IOOJ . , . , . , . , . , . , . , , 

0 2 3 6 x I 0 I2 I4 

Figure 3: IJO pwurhation shapes 01‘ XI! (tl) and :d:ti (I I J 

(spcakcr .tblj). X-axis is ~IO~lill pt2riod. and Y-axis is I:() (I I/). 

I-boicsl slaniis li)r a not tillI> \oictxi :‘(I:. 

‘l‘ahle 3 shows lhc duration ol‘ lhc I-0 pcrturlxition caused I>! 

phonemic ‘t. and ‘ti: lix Lhc indi\~idual spcakcrs. III the cast 01’ 

.tJl I. Ibr c~iiplc. Ihc dil’lixrncc in I’0 b;ilucs .‘1;1, (I .) and ‘da 

(I.) is slaristicall! sipnil‘icanr iit Ihc lit31 period. bur lhc 

rliikrcncr is not significanl an) more dcr Ihe tirsl period. 

That is. thc pu3urhator~ cll;‘ct 01‘ :I! and :ii; disappcuui at’kr 

Ihc lirst period. and it is 0 ins aticr the ~iwcl oiwt. In Ihc 

case ot‘thc high pilch w\\cIs. the dilkrcncc in I+ ~iilucs 

hct\\cen :‘Ia! (II) and :iia: (II) ib statislicall~ s;iyiiI‘icant uillil 

the sixth period. ‘l’liiil is. lhc pcrrurbalor! ctkcl 01‘ :I. and d 

lasted unlil [tic si\-di pc‘riod in lhc high pitch \o\\cts. ;iricl i I 

is -II ms alicr llic \owcl on~ct. 



.Sudginr! l’roni tahlc5 2 dnrl 3. it is clear that Ihe 1\\0 priniaril!~ 

i~coIIsIIc il~)pllOllL!\ 01‘ cl’. rcprcssnlcd h!. short-lag VO’I‘ and 
3.1. Results and Discussion: English 

-.. 

\,‘(YI’ Id. ti;i\.c an ;111n0’;~ idcnlicnl clkcr on lhc I:() ol‘ lht’ 

li)llO\\ inf \O\vcI. :\Ilhou!h .d, \iilS de\oiccti IO Ollt 01‘ 20 
Similar to Sapancse. t\\o 1~ PCS 01‘ v(j.1’: short-lag VO f imd 

VOT icad. here ohserwi thr .‘(I: in lhc I~nelish dnin. ‘l‘ahlc .i 
,&I. (II) tohcns (Sc:c table 2). lhc II) \alucs ofthc high pitch 

\ o\\~‘Ib li)llo\\ ing phoncniic :db bcrc ~ignilicantl~ lo\\cr than 
diows the distribution ol‘lhcst: No l!pcs 07 Vol in all 01‘ ihc 

lhow li)llo\\ ins phonemic ‘1: liar all 0K lhc suhjccls. csccpl Ibr 
,da/ srpmcnls. ‘l‘he organisation 01‘ lahlc 5 ib the same 21.5 that 

of tahlc 2. 
Shli. Niis indicates dlat bolti full!, wiccd and dcvoiced (or 

parli;ill\~ \oicd) cl! Ilincrioncd siniilarl~ and lwbcrcd the I:() 

01‘ the hollows inp \ o\\ cl. ‘l‘hcrel’orc. it is undsrslood that the 
Lo\\ Pitch I-ligh l’ilch 

Io\v I-0 \aluc akr ;I \oiccd stop dots not correlate \\ilh the 
I Speaker 7 

.-,.- I 2 . .._~. ..- 

\ oicinp 01’ ti, in Sap;incsc. 
I:\,1 I 7; 16 4 6 19 

1:Yv12 I h I 9 

I:\43 x9 x 0 
I.w I’ilch Vobcl I lieh Pitch \:o\r cl 

IO5 I Ii 

I’cFiod 
11 M 3 43 40 

*&Cl I’criod I) II ra I i 0 n Duration 
il 63 

.- .- 
SJ.1 I I ‘) -.- 0 41 I i 1’ I 3x 2 3 
.I h42 0 0 (I 10 1;1:2 72 49 5 0 57 
_I h,l3 0 0 0 0 I: 1-3 24 23 39 _- 5.1 
Shl-t 0 0 h -l5 t : I:4 24 
Sk15 -l -lo 4 31 

.~.. -. 
.\leo/r 48 

SIFI 
57 

0 0 I1 4x 
Table 5: ‘Ike dis~rihu~ion 01‘ VO I Icad ;md short-lag VO I in 

.11:2 I) 0 6 25 

s F.3 0 I) I -I 

.11:.1 0 0 8 27 

Sf~‘5 3 25 I 0 3 6 

- 

I<nglish.” -.* means that :d \\;I5 tiilly \ oiccii in production 

and numerals reprcscnl lhc duration 01‘ pcriodicity ahsciicc 

hrliw the rclciisc ol‘!dY (in ills). I st;mds lix tirsl Ioticn. and 2 

Ibr second rolwn. 

I\~lcall I 7.4 0. I 29.1 

Tshle 3: I )urarion 01‘ conso~~;~n~all!~ induced I:() prrturhation 

in .liipiinc’x. I‘hc numcriil in lhc /wviotl columns roprc5cnt Ulh 

period and 111s pcrlurhalor! clkct 01‘ Ihc prc\ ocalic 

conwn;in15 I;lslcd unlil 1llill period. t hc nunicriil in lhc 

clrrvtrfror~ columns is lhc corresponding duration (in ms) ot 

ltis pcrlurhalor~~ cl‘IPcl. 

3. EXPERIMENT: ENGLISH 

I‘hc lx~rlicipanls \\crc X nalikc speakers ol‘ Australian 

I:nglish. rccruikci lix~~~ s~udcn~s and SW’ at the ANI!. ‘l‘he~. 

con&red 01‘ 4 malts and 4 I‘cmalcs hct\\ccn 32 and 32 +ws 01’ 

age. <III ol‘ km \\erc’ horn and finished their schooling in 

,\iisrralia (kc\\ South Wales or Australian C;ipilal ‘l‘errirory). 

:\ rcxiinp Iisl containing 2 dis! llablic \vords shown in tahlc 

4 \\as txqxirctl. In lhc espcrinicnt ol‘ Sapancsc. Ihc 

lpcrlurha~or! <I‘li’cl I\ as invcslifatcd al I\\0 dillkxnt liqucnc!~ 

rcgislcrs. In ordsr 10 niakc lhc Ilnglish stud!, comparable \\ iih 

lhc Sapailcsc srud!. Itic xiciing list \\;is read in I\\() iiil‘~crcnl 

liiiincs die\\ n in rablc -1. If hcn lhcsc \\ords xc read in Ihe 

iinpcr;ili\c lkunc. Ihcir pilchcs xc realid as Ill.. !sl \\ ticn 

rciid in lhc inrcrrofati\ c‘ liainc. Ihc! arc rcalised as I .I I. ‘l‘tiat 

is. \vhcii Ihcw \\ ordb arc read in llicsc Ikmcs. the lirsl C‘\’ 

s~pnisnls 01‘ llic Isd \\orA niahc a conll’iisI both in wrnis 01’ 

lphonciiiic voicing I~t7c 01‘ C‘: 1 I \oiccl:I-wiccl and lhc 

l’rcqucnq 01‘ \, : lo\\ illlli high licclucncics. and IhCsc C‘\’ 

~qiiicills arc li)llo\\cd h! ,li ‘. I hc cliciliilion prwcdurcs and 

iwnsur;iI prwdurcs arc lhc wnic as Sapanssc. 

Stimuli II ‘da “kicker” ‘datii -‘duckic” 

I~l.illllC I s+ wiiin. (Impcrnti\x) 

I. - 1. I. -. --. .-- -..- .- -.-.- 
I ranic 2 %I> again. (Inlcrrof;ili\ c) 

I. -IllI 

T:~blr 4: I \\o 1~51 \\orcls and IDO ciirricr scntenccs. I. and I I 

4;iiicl I’or lo\\ pilch and high piwh. rcspcctivcl!. 

Sudgiiy from Itie Ikglish results shobn in tahlc 5. similar 10 

Sapancse. thcrc arc no clear restrictions dating IO IllC 

occurrcncc’s 01‘ short-lae VO’I‘ and VOI‘ Ibid li)r :d;. It seems 

Ihat the ~clcction ol’shori-lap V(Yf ;ind VCYI Icxi is 

iciios! ncra~icall\ dccidcd. or the! art’ in lice \~ariation 1% ilh 

each other hccnusc Ii\1 I. t:h43. IXv1-l. I:F2. and I:I:3 

consistcnll! ha\x short-lap VOI. while IlivE. t:Fl. end t:l:4 

ha\ c holh short-lag VCH‘ and V( YI Icad. 

I:ipurc 4 shows the I:() pcrturbalion shapes ol‘ Aa! (I-1) ;IIIC~ 

kiwi (Ii) uttcrcd b\, IJAl. In ligurc 1. although /d! I~;IS 

dcwiccd tbr both lokens. Ihc difference in IJO wlucs caused 

b) lli and dcvoiced /cl: is still slatisticall! signil’icanl (13 < 

0.0368) from the tirst period to the thirteenth period \\ hich is 

the last compwiblc period. 

lc,OJ . , . , . , , . , , , 1 

0 2 1 6 x IO I2 II 

Figure 4: I:() perturbation 01‘ %I (Ii) and .tin: (I I) (Spcahcl 

I:h4 I ). 

l$urc 5 shows the I’0 pzrlurba~ion shapes ol‘ ‘111: (I.) and ,da. 

(I.) scgmcnts ultcred 17~ 1312. In ligurc 5. although :(t’ is 

li~ll! \oicod in lhc tirst tohcn 01’ :da (I.) and partiall!~ 



I?()- 0 :1;ti 1.2 

I IO. 
A .‘d;y I. 11 f\.oicC’] 

0 Itli~.’ I.2l-\~oiccj 
100, - , , . , . , , , . I 

0 2 4 h X I 0 I2 II 

Figure 5: ITO txrlllrhalioli 01‘ ‘la. (I.) and !dii: (L,) (Spealiel 

I:R12t. 

‘l‘;ihk 0 sho\~s ihc dur;llion 01‘ lhc I:0 perturbation caused b) 

phonCniic .:I, and d lix Oic individual spcalxrs. ‘kc layout 

01’ whk 6 is Uw SWIG as 1ha1 of We 3. 

I.()\\ I’ilch Vo\vcl I lieh Pitch Vwel 

.splrXw I’Criod I)urillion I’cFiod I)uralion -...- 
---- I : 3.1 I X 51 12 0 I 

I : x.1 2 7 50 I I 71 

I : I\ I .; 0 0 0 71 

liAl,l 3 2 3 7 4 -3 

I : I.’ I -I I 0 I2 5 0 
1 .: 1 : 7 

1; 1:; 

I I 4-l I-I 41 

0 0 0 3 2 

1:1:.1 2 x 0 27 

-. 
.lIcoll -l..? 24.3 I 0 .lc).j 

I‘ahle 6: I)uralion 01‘ consonanlall~ induced t:() perturbation 

in .I;~p;inss~. I‘hc nunicral in lhc /wriod columns rcprescnt Kith 

period and I~C pcrrurhator! ckl of Ihc prc\ocalic 

conson;mls lasl~cl unlil thiil period. ‘I‘hc numcriil in the 

flrlwrio/~ c~I~III~?; is the’ corresponding duration (in ms) 01’ 

Ihc pctIurh;uor~ Cl‘I’cct. 

.Iutlging from rahlcs S antI 0. similar fo Ihc‘ .t;ipancse data. iI is 

c‘le;lr Ihi lh~ I\\0 priniaril! acouslic allophonei 01‘ .:tl:. 

rc‘prcscnI& h? shorr-lq Vol‘ and VOI Icad. have an almosl 

incli~tintlishat,Ic: ctl>ct on IIIC I:0 01‘ the li~Ilo\\inp \o\vcI. 

..\Ithough tl: \\;I> dcwiwd I2 oul 01‘ I6 :‘da/ (I I) tokens. the 

I:0 \iiluc’; ol‘lhr: high pilch vo\\els li)llo\vinf phonemic /Cl’ 

\\c’rc siy~ilic;uill\~ lo\\er ltlail those li)llowing phonemic :‘t. 

tix ~111 01‘ the ‘ruhjccts. I‘his indicarcs kal both li~llv \ oicsd 

;uicl dcwiccd (or pw~iall\ wickxl) ‘d bcha\c silnilarl! in 

holh occurring rogcihcr \;ilh. 

I .U i II;I> lhc Iongal ah5cncc ol‘ pcriodicit! ( IO5 illld I I3 

mst ol‘iill h~l’or~ llic rckii>,c‘ 01‘ ,tl ol‘:Ja?’ (I It. and lhc durarioii 

ol‘lhc txrlurhitlor~ clkcl 01‘ I and ‘d: is 7 I ms hel\\ccii :‘I$ 

(I I) and ,Ja. (I I ). 1:\4-l has II 4iorIcr absence of periodicit\ 

(7 I and 03 111s) hsli)rc lhc rcIc;w 01‘ ,d: 01‘ :da: (I I) ltlatl I’M3. 

;md 111~’ dllration 01‘ the‘ pc‘rlurhamrb ~l‘kct 01‘ 3: and ‘tl i> -13 

ms bct\vrcn ita’ (H) and !‘da: (I I). and rhc durarion is shorrct 

than that 01‘ EM3. On Ihc other hand. l:l’l has ii shorlei 

ahsencc 01‘ periodicit! (46 and 19 ms) ticrorc rho rcleasc ol‘;tl 

of :da’ (I I) than both l!M3 and I:M4. how\cr. the duralion 01‘ 

lhc perturbalor! cf‘lkct 01‘ ‘t’ and ,d! is 6 I ms ha\\ ccn :‘fa (I I ) 

and /da; (H). and Uic duration is lower rhan that ot‘ I;Ml. but 

shorter lhan that 01‘ 1~313. This indkalcs. ~hcrcliw. thaw rhc 

duration 01‘ thr: pcrturhatory clkc~ 01‘ .t. and .d: JOCS noi 

correlate with lhc duralion 01‘ the abssncc 01‘ pcriotlicil!~. 

Thcrclke. il is understood on the \cholc lhal the I:() \;lluc 

aticr 21 wiccd stop is no1 corrclalcd \\ ith the \ oicilig 01‘ .‘(I:’ i II 

English. 

4. CONCLUSION 

It has been sho\vn that both phoncticoll! l’ull~~ \x~iccd and 

dewiccd (or parrially dcvoiccd) allophones 01’ .:d: hnw ;I 

inrlistinpuishahle pcrturhalq cl’kct on the t’olknvinp \~owI. 

This indicates that lhc prescncc or abscncc 01’ periodici\! 

during lho closure is not corrclatrd \\ith rhc I:() pcrrurbation 

contour 01‘ the follw ing vo\v~l. ;\ similar linding is r~portcd 

in lhc Chiwsc dialccl of \VcnAiou (I<osc: personal 

colnnilliiicalioli ). ‘l.hc 13) pcrlurhation ma! hc c;~used hy wmc 

aspects in the production 01‘ Uic: preccdin p slop which arc not 

ncccssaril> manifested in actual vocal cord \,ibration. such as 

vocal cord tcnsian. The abscncc 01’ periodicit), during cl 

hold is actually caused by transgloltal pressure equalisalion 

not by the lack of vocal cord tension. ‘l’hat is IO SW. Lhc 

tension of Ihc weal cords still exists cwn if thcrc -i5 no 

pcriodicl; during [he closure. II‘ this is Iruc. the I-‘0 

pcrrurbatlon ma! still be considcrcd as an intrinsic ctkc~. 

Ilo\~ever. this result still implies lhal there is a possihilil! 

Ihilt spcakcrs ma! iklihcrakl? conrrol the I-0 of the li)llo\\ ing 

\o\\el (ix. for lhc satic 01‘ pcrcop~ual si~nil‘icancc) as an 

addilional cut lo the phoncniic dil‘krencc hcl\zccn voicclcss 

and voiced stops in Ihcir language. It‘ this is Iriic. alrhouph 

lhc R) pcrturhator! caxl of stop coIlsollllllls IlilS Ik!CII 

considered lo he an intrinsic cvcnl. it may hc considcrctl 10 

hc an extrinsic rvcn~. 
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