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In near ly all known languages there ave consonant pnonemes a“‘*-l.“
culated at a given point.in the vocal.tract that are n*nirally Gistl~ .
ngulshed from: each ofher.by.the:nature orf “he sound soure wnet“e...f"
quasi-periodic.or aperiodic.:.This source-difference: scems to unde*-]ﬁﬁ
- 1lle a number: of: allegedly;*ndenendent qimens*ons tnat are comm01ly x*'
used 1in ‘the phonetle 1iterature. - Our research is concerned with t“e :
rol2 of .this source feature in- the production and-perception of step - . )
consonants, a class of.speech sounds whoce characteriscic feat ture is :45,
.an Interval” during which the breath ‘stream is completely blocked P
‘within the ‘oral’ cavity, z.Currently we are looklngrau initial rre- -
voealie ‘stops, :where:the air’ pressure .buile up behino the ‘orcl- . '
closurerls’- released. more .or less :explosively.as - tha vocal tract
moves towar d a’ configuration aporonniaue :to :scme vowel .7:-wr“
- Althoughfruchfphysiological work’rema*ns to be:dono,

speech'aot;yit& 1nvolves

Te 1and«a"consequent~ﬂovemeno~o.oa-,ktn“oa"z onc g;c““iq“aﬁt
praglot H y IHE

dqung-norﬁiii'.phonat"d spggphrthoneVﬂr ~tha peakericloses,
glottiﬁs-'f"amdi?g:t.ven..é‘f%B ébie;balance of.aerodynan*Cffo‘oei
nuscular~€ension,¢the,v ca *Tolds.will ‘beginito” viarate;“&rpi sa.
.in node~of31éryngea1ﬁoueratlon'occurs more orﬁlessxin s»eo<w‘.H T e
changn in™ supraglottalaarticulauion,ofron ‘he_closure phas-—oz‘,“e*,;uou
‘stop to*the»prcg"essivel rimoreZopenstract ‘of: theafol*OA-ug,vowal ARG Iny
The acoustic consequenceq ofvthis: sccmbination~ol: -laryrgeal:and ; o"aWQW.L\
gesturas “depénd™ ve*y “muchon itheir relative uim*ng.g Larymgeal vibra=- ..o
tien provides the‘periodic or. quasi periodie .carrier that-we: ccl‘ TEa
vo*cing iVolcing ylelds. harmonic excitaticn of. a- Low-‘“co'e*cy caxd
dur;nﬂ “clogure,- ‘and "of.the ‘full-formant-patiern: after, .rele ne
stop. “Snould the onset of volcing be delayed until: sone,time a ter
[
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the release; -however,-there will be an.interval becween
voicing ‘onset -when -the" rﬁlauiVEIJ unimpeded alr rushing ¢
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Zlottis will provide the turbulant excitasiocn of a voicelass carrler
ccrmonly called aspiration,. This aspiraticn phase is accompanled by
considerable attenuation of th first formant, an effecs rresun2oly

to be ascribed to the presence of.the tracheal tuce below  th
glottis;J%Finally,-tne intensity of the bturst, . t.au ;s,ﬂthe .
shock excitation:.of. the oral:cavity upon rzlease ofithe-step, naj
. vary depending cn . the pressures: ce:eloped tehind the. utuy closure,
where such pressurew wili in turn be.affected: by the phesing: OF rerier ua
larynzeal: closare ~Thus:1trseems. reasonao&e to ‘US1 B0y muovose,tza.\ e
all“theue Acoustic’ featu"es,,despite'tnein nhysica1 aiss*nilar‘v-es,‘-,“

can be-aseribed ultimately ‘to actionsiof the larjrgea;,meuhanismz.,m,.,_

We shall present data on tae voice cnset timinz (VOT) of -atops in
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three lan aﬁes.-—english Spanish and Thai-- with the- resoonses of .
speakers ‘'of those langueges to.a- set ‘of" SJntnetic speech stimuli thq
varies in VOT.values over.a suitably broad, “ange.pu;s
Among the acoustic features which’ reflect ‘the’ perticular sound

source involved in the product*on of initial stops we have chosen to.
measure the time of onset of glottal periodicity relative to the
burst which marks the release of stop closure, Thils choice was dic-
tated by the.fact “that the onset of 0loptal pulses; seen as vert‘cal
striations in wide-band. spect*ograms,_is une clearesv sign that the
glottis™ has shifted from the ‘open to a closed position - Moreover," 1r~
a recent study .(WORD,-20.3;: 11964, 38L4-422) in which such VOT data are’
reported for word- Zinitial stops in English and ten other 1anguages,‘:,f
we have:shown™“that this single. measure serves. as a.very effective: ba-_ i
sis fo.:assigning a stop to-its: profer linguistic category,- despite 5_
variat101 frow 1anguage to-language both in the. number. of .stop pho-~ -
nemas-and in the particu’ar phonetic features said -to distinguilsh '’ i
uheﬂ._ The three: langu?ges reported on here were chosen as fairly. re- q
presentative ol the eleven previously suudfed. English and Spanish
are botnh described as’ having voiced and voiceless stops,. but the, ca-'wq
tegories in -the tworlanguages reportedly differ in other.phonetlc ...:
feauures.:cmhe third" language, “Thai, has ‘three ;categories-of- stops,:
cescr_bed as- voiced voiceless-unasoirated and .voiceless asplrated,
. ~To make - the sgiﬂul*‘needed *for jour - perceptlon: etperiments we

used :the*Haskins -Laboratories'u speech isynthesizer, ‘called Voback, !
'.ontrol systeq”whiehi ccepts ‘spectr ographic patterns esiin-

optical- ¥
end"f,a.l9—channe1 vocoder.ﬁ,The'basi
,- st'sstimulizconsisted; oﬁfarls-mse Vhigh%h
reque cjzbur and¢a;50-msec4three-formanuftransitionraporopriﬁt ;
te an 1nit1a1 anico-dentalhsuoo, -followed by (400 msec jof-isteady s
réquencies cof jans :[a}=vovel i+ The onset :C
1taneously sturningonithe jpuzzy at
The’ timing “of ; this voic nse N
'varred»in~ C-msec»svepsyfrom*a;yalue sof 150 msec;( oicing;le
t>5-aivaluezol +190“( voicing“lag").:tror .cases of~voic1ngxlead “th
=1gné-‘tegins-withvanLinterval ~of- 1ow-frequency-buzz,~uhile for}gﬁf
vo;cin -lag ‘tre:firs 1formant +1s suppressed and ;the jupper.: formants
as well®as:the; burst :are jexcit ed by.;hiss uneil-tbe -point, ogjpg;z on—
set [ *"The inuensity levelxof the ‘hiss source;and, the: snectral cnarﬂ
terist 4cs of -the burstuwere fixed;:on the’ basis of prelim*narj test 2
1ng,~ t values’ reoresent*ng a .compromise between -the: 1ow-*ntensity. TR
bu-st normal to stops with:volcing: lead and the hign-inuensiuy burst
and hiss .characteristic of stops with long volicing lag. - The 31 .tes
stimuli made in this manner were recorded in several- randomi"ed or-"
ders for presentation.to natlve speakers of American English, Puerto _
Rican Spanish’ and standard Thai, who were asked to 1abel each stimu- .-
lus in terms of their own phonemlc categories, - .. . .o
Measurement and labeling response data for the ap*cal stop ca-
tegories of each language are presented for.direct comparison in the
three displays of our figure. :The bars represent frequency distri- -
uutions of measured- VOT values, while the curves give the distribu-~ - .
tens of subjects! 1dentifications of the syﬂthetic speecn stimuli
as functions- of our analogue VCT values, = o
The upper part of . the rigure shows our.data for the EQ@liSh /c ;
and /&/: cauegories., There.is a very simple relation between. the prp-;
duction and-perception data.ﬁ.the 50% cross-over point. for, the: /d 7.
and /t/- labeling curves is’at +25 msecy: and Tthus ~coincides neatly”c.u'é
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“with chc DOUﬁd&;J between tThe two non-overiapping ranges ol VOT .
values for.:productions., . Lt .may be noted that_ the distributions for

the Two.ca uegories ‘are. quite. d‘ffe*e Om values for -/t/ . uhcv a . ..
Gaussian a*s%ﬁi ution‘about:a mean a msee, but /4 emnib‘vs TWo

Y iteall ‘h--._‘-« o~ "

ciscontinuous .ranges’ that ‘Teflect the exisvence of two vaﬂiénts of ¢
this “phonéme’ in’ init: a1t position.f it '“""I*
“The" middle display 4in the. figare shows uhe comoaraole data for
Spanish,” " VOT valués for - uhe two stop cavegories of‘tu-u‘l angus o
are ede“a¢ly to the left as compared to the Eanglish suoos";span.sh"'
t/ shows a modal VOT value at +10 and thus falls. within th range
of English /d/ rather: than English /t/; wnile’ Spanish /d/ always S
shows long voicing lead ;.This leftward "snift", however ;ds mot
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Volce Onset Time in Stop Consonancs
”e.iecceu 17 the -opanisn .responses TO:our. test svimull; The per cepu-
ual cross-cve“~does not” matcn ‘the boundary between the two: ranges of .
neasured VOm values;ibut”somewhat surprisingly occurs. just to the ...
right of tne /t/?range.ﬁ Although the VOT dimension, then, ‘provides’

. sulficien nforwation for pe"ceocuai sorting, it seens thae the’ sti-
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cross- over is 10 msec to tne lelt of the Euglish cross over “and
enough. responscs by .both” groups "of listeners were obtained to convin-
c2 us- that this” oifzere ice’ ig. significant .

Tde Thai daea in the’ bo tom graph. demonst”ate very clearly the .~
ex*s.ence .of. three categories .with respect to.the VOT dimension. The
perceptual’eross-over between” “/3/ and /t/ falls within the boundary ~
zorie whieh: separates the two ranges of VOT vaTues :On the other hand,
the ‘cross-over at about +L4O between /t/ and /:D/ is displaced some- |

"what "toitheiright of the- boundary- at +20, a value at which there is
“some'slignt" ‘overlap’ between the VOT ranges for these categoriles. It
-should -alco -be- observed.that although the labeling curves obviously
‘reflect ‘three distinct percepitual’ categories,-they do’ not reach val-
ues of 100%.-=Indeed, the middle category reaches a’ peak of no more
than 84% at the +10 msec point.- It is of course not surprising that
irregularities in the subjects! nesponscs will affect the.middle cat- .
“egery more than the othe.s., Taree of the nine listeners who served !
‘as our subjlects we*e esponsible for nearly 2ll the.'noise” in the
data., - Mo“eover, *he ind‘viduel graphs ror the three’ best subjects,-'
whose ‘T“e3ponges constituue ‘over :hdlf:the: data ‘shown inv ur ‘figure, =~
“exhibdblt plateaus at?loO% for all.yh?ee stop categories_ %This state‘f':

?tney'we"e“néturaI’Theiiu L

U We find, vthen;‘""‘cha‘c AT

“—ran es obseived in-production andAthose cetermineq"by perceptual ‘tes-
7?‘ing:ﬁiWhile:cross-ovéi?’nogboundarylvalues coincide exactly for;
«engli h* /d/ /t/)and\Thai‘/d/‘/t/,!tne ZCross- overs ‘are consideraoly to |
fthe right® of the»bounoaries"in*the ‘caget Yot Spanishf/d/ /t/zand Thal 4
v/ /R et “hay suppose thac'these diffe"ent relations between our -
.fproduction and perception ‘data- are, :at’ 1eas~ in- part due to the: fact#J
Zthat invsettin 1ntensity levels”of bursc and hiss during “the~explor=""
-atory phase of sjnthesis,«we were influencec to. some extent by the
~-reactvions of English speakers. < Concaivably some’ Ouhe” choice or cho-
1ces of burst znd hiss -intensity would bring’ ¢ross-overs and bovndar- :
"ies for Spanish /d/:/t/‘and Thal /t/: /E8/ intd closer’ ag”eenen this
might or mizht not’ preserve the present close agreement in. the
English dzta, In addition to supposing that differences in level of
burst and hiss intensity may serve to supplement the" information pro- -
'vided by VOT, we might also infer from our data that Thal speakers
re particularly senslitive to the presence of buzz before the burst,
Tnis sensitivity 1s, perhaps, to be referred to the fact that Thail
spezlkers must differentiate three catego les alonv a physical dimen-
sion that English and Soanion speaicers utilize for only two.

To swmarize, this study shows tnat stops in languages as diver- :
se phonetically as Engiish, Spanish ‘and Thai can-be identified acou- |
stically by means of one measure, ‘the ‘pelative timing of voilce onset i
and release, coemparison with 1isteners!.: ‘responses to synthetic stimu- |

414 -confirms -the perceptual: significance “of ‘tiis physical’measure,Scme
.0 our da%a suzccst experimenting ‘with acoustic ‘manifestatlions of ¥
. glottaliactivity not yet studled,
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