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Abstract
Concatenative speechsynthesisquality dependsin part on the
minimization of audible discontinuitiesbetweentwo succes-
sive concatenatedunits. This study focuseson humandetec-
tion of concatenationdiscontinuitiesin syntheticspeech.Sta-
tistical analysescomparedfor variousphoneticcategoriesthe
resultsobserved in perceptualtestswith two voices– one fe-
maleandonemale.Neithera comprehensive phoneticanalysis
noracomparisonof discontinuitydetectionbetweenvoiceshas
beenreportedpreviously. Althoughdiscontinuitiesweregener-
ally moredetectablefor the femalethanthe malevoice, there
weremany similaritiesbetweenresultsobtainedfrom the two
speakers. A reliably higherrateof detectionof discontinuities
was observed for diphthongsthan for monophthongvowels.
Post-vocalic consonantsinfluencedconcatenationdiscontinu-
ities significantlymorethanpre-vocalic consonants,andpost-
vocalic sonorantswere associatedwith higher detectionrates
thanpost-vocalicnon-sonorants.Thedifferencesin discontinu-
ity detectionamongvowelsandamongconsonantalcontexts for
bothvoicesconsistentlysuggestthathighly audiblediscontinu-
ity is relatedto concatenationin regionsof spectralchange.

1. Introduction
Concatenative speech synthesis, in which small units of
recordedspeechareconcatenatedtogetherto generatenovel ut-
terances,is an increasinglypopularmethodfor text-to-speech
synthesis.Typically, diphoneconcatenative synthesisinvolves
concatenationof diphoneunits in the approximatemiddle of
a phone. A diphoneis the last half of the first phoneandthe
first half of the secondphonein a sequence.A commonand
annoying artifact of concatenative synthesisis an audibledis-
continuityatconcatenationjoin points[1].

Humandetectionof concatenationdiscontinuitiesin syn-
thetic speechhasrarely andonly recentlybeenstudied. Only
oneotherstudy[2][3][4] hasdirectly focusedon this issue.In
thatstudy, aswell asthecurrentstudy, listenersjudgedwhether
or not a synthesizedtest word containedan audibledisconti-
nuity. A secondstudy[5] is somewhat related,but it focused
insteadonperceptualsimilarity judgments,whicharemorerel-
evantto targetcostsasusedin unit selectionconcatenative syn-
thesis.Targetcostsareintendedto estimatethesimilarity of a
givenunit in thespeechdatabaseto anidealunit. Concatenation
costsestimatethedetectabilityof concatenationdiscontinuities
in unit selectionsynthesis.Both targetcostsandconcatenation
costs,whensummedover all units that form a syntheticutter-
ance,determinethe sequenceof units in a voice databasethat
is optimal for thatutterance.Dueto thedesignof theconcate-
natedteststimuli in [5], listeners’ratingswould have beenin-
fluencedby several factors,makinginterpretationof theresults
somewhatambiguouswith respectto concatenationdiscontinu-

ity detection:Using recordedCVC words, the secondhalf of
a vowel takenfrom a differentconsonantalcontext wasspliced
into anotherrecordedCVC word. The synthetictest stimuli
thereforehadtwo concatenationpointsratherthanone,andin
addition,they containedpotentiallyconflicting cuesto several
featuresof thefinal consonant(onesetof cuesfrom thepreced-
ing splicedvowel andanothersetfrom thefinal consonantitself
– for adiscussionof thistopic,see[6]), whichwouldalsoaffect
listeners’judgmentsof similarity betweentheoriginal recorded
wordandthesyntheticconcatenatedversion.

Both previous studiesfocusedon usinghumanperceptual
resultsto evaluatepredictive algorithmsbasedon spectralrep-
resentationsof units at the concatenationpoint. We have also
reporteda similar analysiswith someof our perceptualdata
[7]. The currentstudy includesa more comprehensive pho-
netic analysisof detectiondatafrom two voices: one female
andonemale. It is not known how concatenationdetectionre-
sultsgeneralizeacrossspeakers,asno comparisonshave been
madepreviously.

A phoneticanalysisof detectionresultsis valuablebecause
it indicateswhichacousticfeaturesareassociatedwith theaudi-
bility of concatenationdiscontinuities.Suchknowledgeis use-
ful in improving algorithmsor suggestingstrategies to avoid
perceptibleconcatenationdiscontinuitiesin speechsynthesis.

The only phoneticanalysisof concatenationdiscontinuity
detectionreportedin thepreviousstudieswaslimited to detec-
tion ratesamonga setof 5 Dutchvowels[2][3][4]. Vowelsare
importantasan initial focusbecausetheir relatively higheren-
ergy makesconcatenationdiscontinuitiesmoresalient.

Rigorouspsychophysicalsignaldetection[8] methodswere
usedin theperceptualexperiment.Theseincludea largenum-
ber of test utterancesand the inclusion of ample falsealarm
conditionsto provide for thecalculationof

���
, a standardpsy-

chophysicalindex of perceptualdetectability.
� �

is essentially
the normalizeddifferencebetweenthe meansof two distribu-
tionsalonga sensorydimension:in thecaseof thepresentex-
periment,onedistribution is conditioneduponthepresentation
of speechwith no discontinuity, and the other distribution is
conditionaluponspeechwith discontinuity. A high

� �
thuscor-

respondsto high detectabilityof concatenationdiscontinuity.

2. Methods

A psychoacousticexperimentwasconductedon listeners’de-
tection of concatenationdiscontinuitiesin a large numberof
test words generatedby concatenative synthesisusingspeech
datafrom two speakers.



2.1. Test stimuli

A setof 2016monosyllabictestwordsweregeneratedby con-
catenative synthesisusingan acousticinventoryof recordings
from oneadult femalespeaker, andanequalnumberweregen-
eratedfrom oneadultmalespeaker. An experimentalversionof
the AT&T NextGen text-to-speech(TTS) synthesizer[9] was
usedto synthesizetheteststimuli.

Theacousticinventoryusedfor synthesisconsistedentirely
of recordingsof the336monosyllabictestwordsthatconstitute
the Modified RhymeTest (MRT)[10][11][12], a standardtest
of speechintelligibility [13]. TheMRT is composedof 56 sets
of six similar words. The six wordswithin a setdiffer by ei-
ther theinitial consonant(s)(suchas“book, took, shook,cook,
hook,look”), or by thefinal consonant(s)(suchas“sing,sit, sin,
sip, sick, sill”), andall wordsin a setcontainthe samevowel
nucleus.Theformergroupof 286-wordsetswill bereferredto
astheInitial Different/FinalSame(IDFS) group,andthelatter
groupof 28 6-word setswill be termedthe Initial Same/Final
Different (ISFD) group. In several instances,setscontain a
word or words that areeithervowel-initial (suchas “oil, foil,
coil, boil, toil, soil”) or vowel-final (suchas “ray, raze,rate,
race,rake, rave”). A restricteddomainsystemfor eachvoice
wasbuilt with theMRT inventoryusingtheNextGenTTS sys-
tem.

For eachof the two voices, 2016 synthetic test stimuli
weresynthesizedby concatenationof selectedportionsof the
336 recordedwordscontainedin the acousticinventory. Each
recordedword in theinventorywasessentiallydividedinto two
parts,its initial andfinal halves.Theinitial half consistedof the
word-initial consonant(s)(if any) andthefirst half of thevowel
nucleus. The secondhalf consistedof the secondhalf of the
vowel nucleusandthe word-final consonant(s)(if any). From
each6-word set,36 teststimuli weresynthesized.All possible
combinationsof the6 initial halvesand6 final halveswithin a
setwereconcatenatedto generate36 synthetictestwords. Of
the 36 testwordssynthesizedfrom each6-word set,30 com-
binedthefirst half of a word with thesecondhalf of a different
word,andthese30testwordshadthepotentialof containingde-
tectableconcatenationdiscontinuities.Six of the36 testwords
synthesizedpersetwereresynthesizedversionsof thefirst and
secondhalvesof thesameword,andthey wouldbeexpectedto
containno detectableconcatenationdiscontinuities.This pro-
cesswasrepeatedfor eachof the566-wordsets,yielding2016
testwords.

A very simpleconcatenationmethodwasusedby thesyn-
thesizerto concatenatethe first and secondhalves of words
at approximatelythe mid-point of the vowel. Using the raw
waveforms,theconcatenationpoint wasdeterminedby a min-
imum in the cross-correlationfunction calculatedover a nar-
row window aroundthe vowel mid-points. In this way, con-
catenationdiscontinuitiesduesimply to arbitraryabutmentof
the two halves was avoided, and pitch period continuity was
maintained. The original fundamentalfrequenciesof the two
constituentwordhalveswasunaltered.

2.2. Procedure

Thefemalevoiceandmalevoicetestswereconductedindepen-
dently, but they followedthesameprocedure.Thelisteningtest
followed a simplesingle interval forcedchoiceYes/Nosignal
detectionparadigmcommonlyusedin psychoacousticexperi-
ments.After hearingateststimulus,a listenerreportedwhether
or not (s)hehearda concatenationdiscontinuity. Eachstim-
ulus was presentedonceper listener. The entire test battery

wasdividedinto a seriesof subtests;eachsubtestcontained72
teststimuli andnormally took under10 minutesto complete.
Each listener received a different randomizationof the stim-
uli in a subtest. Typically, a listenerwould participatein no
more thanonesubtesta day. Written instructionsto listeners
and oneexampleof a stimulusfor eachresponsetype (a de-
tectableconcatenationdiscontinuityandnodiscontinuity)were
providedat thebeginningof a subtest.Listenerswereautomat-
ically promptedif they did notcompleteany partof thesubtest,
andtheircompleteresponserecordwasstoredin a log file iden-
tifiableby listenerandsubtest.

Listeningtestswereweb-basedand interactive. Listeners
normally took thetestsfrom workstationsor PCsin their quiet
private walled offices using the relatively high quality audio
equipmentnormallyavailablethere.Listenersinitiatedthepre-
sentationof eachstimulusby clicking an icon. Concatenation
detectionresponsesweremadeby clicking oneof two button
icons(oneindicatingthata discontinuitywasdetected,andthe
other, that no discontinuitywasdetected).Listenerswereen-
couragedto useheadphones,and the large majority indicated
thatthey did so. Thevolumewasadjustedto suit their individ-
ualpreferences.Stimuli weresampledat 16 kHz.

2.3. Listeners

Eighteenadultvolunteerlistenersparticipatedin atleastonelis-
teningsubtest:16 duringthe testwith thefemalevoiceand12
for the maletest. Ten served aslistenersfor both voices. All
listenerswereemployeesor contractorsworkingatAT&T Labs
Research. They representeddiverse languagebackgrounds,
sincenative languagewas not consideredrelevant for the au-
ditory taskof detectingconcatenationdiscontinuities.The hit
rate(correctdetections),falsealarmrate(falsedetections),and
corresponding

� �
per subtestweremonitoredfor eachlistener.

Rarely(5%of thetimefor thefemaleand6%of thetimefor the
malevoice test),a listener’s responseswererejectedfor a par-
ticular subtestif their

� �
scorewassubstantiallylower thanthe

otherlisteners’
� �

scoresfor thatsubtest.Therewereatleastfive
acceptablelistenersfor every stimulusword in thetestset,and
theaveragewas5.9acceptablelistenerspersubtestwith thefe-
malevoice,and7.75permalevoicesubtest.Therewere11,808
total acceptableobservationsin thefemalevoice listeningtest,
and15,624in themaletest.

3. Results
Pooling all the acceptablelisteners’responsesfor the female
test,thehit ratewas61.4%andthe falsealarmratewas6.1%.
Thegrouphit ratefor themalevoice was54.2%andthe false
alarm rate was 7.4%. Theseresultsyield a

� �
scoreof 1.83

for the femalevoice,and1.57for themalevoice,representing
overallperceptualperformance.Resultsfor only theteststimuli
for which the first andsecondhalveswereconcatenatedfrom
differentrecordedwordsarepresentedin the remainderof the
paper.

3.1. Overall analyses

Fig. 1 is a plot comparingoverall detection(hit) rates,ISFD
groupdetectionrates,and IDFS group detectionratesfor the
femaleandmalevoices. The higheroverall detectionrateev-
ident for the femalethan for the male voice was statistically
significant( �����	� 
���
�� ,

���
��������
 , ����
	� 
�
�
	� ). Therewas

a low but significantcorrelationbetweendetectionratesfor fe-
male and male voices(Pearson’s product-momentcorrelation
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Figure1: Detection rates for female and male voices.

� ��
�� ���� !�"������� #�$�#�#% 
���
��������$ , �&�'
	� 
�
�
	� ).

3.1.1. Detection rates by vowel

Table1 listsdetectionratesfor eachof 11vowelsfor femaleand
malevoices(DARPAbetsymbolsareusedto representthevow-
els). Therewasno significantdifferencebetweenthe two dis-
tributions( (*)+������
 ,

���
����
�
 , �,��
�� ������� ). For eachvoice,

detectionratesfor threeclassesof vowelswerecompared:diph-
thongs(/ey, ow, oy/), long monophthongs(/aa,ae,ao, iy/), and
shortmonophthongs(/ah,eh, ih, uh/). For both voices,detec-
tion ratesfor diphthongsweresignificantlyhigherthanfor long
vowelsor for shortvowels(FemaleDiphthongvs. LongVowel:
�-�.#%� #�#�$	 

�/�
�0$���� , ���1
�� 
�
�
�� ; FemaleDiphthongvs.

ShortVowel: �"���	� ��#�#��� 
�/�
��������$ , �2�3
�� 
�
�
�� ; MaleDiph-

thongvs. Long Vowel: �4�5
�� �������� 
�/�
�6$���� , �7�8
	� 
�
�
	� ;

Male Diphthongvs. Short Vowel: �9�:��� ������#% 
�/�
�.������$ ,

�2�'
	� 
�
�
	� ). Comparinglongandshortmonophthongs,there-
sultswereinconsistent;for thefemalevoice,detectionfor long
vowels washigherthanfor shortvowels,but theoppositewas
true for the malevoice. In [2][3][4], the Dutch vowel /a/ had

Vowel Example N Words Female% Male%

aa cot 100 48 38
ae cat 165 66 50
ah cut 215 61 57
ao caught 35 75 57
eh pet 180 59 45
ey Kate 240 72 66
ih kit 420 55 56
iy key 210 60 45
ow coat 55 79 72
oy coy 30 65 92
uh cut 30 23 40

Table1: Detection rates and number of test words by voice for
11 vowels

the lowestdetectionrate(17%)observed. In thecurrentstudy,
its AmericanEnglishcounterpart/aa/hadconsiderablyhigher
ratesfor bothspeakers,but nonethelessit hadthesecond-lowest

detectionratesobserved. The lowestratesobserved in thecur-
rentstudywerefor /uh/,whichwasnot includedamongthefive
vowel Dutch set. Of the remainingthreevowels includedin
bothstudies,theAmericanEnglishversionshadslightly higher
discontinuitydetectionratesfor /iy/ and /ah/, and equivalent
ratesfor /ih/. In the Dutch study, consonantalcontexts were
equatedfor all fivevowelsstudied,however in thecurrentstudy,
they werenot the samefor eachvowel. It is possible,there-
fore, thatdifferentconsonantalcontexts couldhave influenced
detectabilitydifferencesamongthevowels.

3.2. Initial Same/Final Different (ISFD) test words

As is evident in Fig. 1, concatenationdiscontinuitiesaresig-
nificantly more perceptiblein ISFD test words than in IDFS
words for both voices(Female: �;�<����� #�$���� ,

�/�
�=�>����$ ,

�-�7
	� 
�
�
	� ; Male: �?����� 
�
�$	� ,
���
��������$ , �,�@
	� 
�
�
	� ). For

ISFD words,a significantlyhigherdetectionratewasobserved
for thefemalethanfor themalevoice( �A�B
	�C��
���� ,

�/�
�B$���
 ,

�D�E
�� 
�
�
�� ). No strongor consistenteffects of pre-vocalic
consonantondetectionof discontinuitywereobserved.

3.2.1. Effects of word endings on discontinuity detection in pre-
ceding vowel

For both speakers’ ISFD test words, if the coda (final con-
sonantor consonantcluster)of either of the two constituent
wordscontainedasonorant(/l, r, m, n, ng/)or eitherconstituent
wasvowel-final,discontinuitydetectionratesweresignificantly
higherthanif they did not (Female: �F�G����� 
���
�# ,

�/�
��$���$ ,

�2�7
�� 
�
�
�� ; Male: �"�@
	� 
���
�$ ,
���
��$���$ , �2�3
	� 
�
�
	� ). Table

2 lists for bothvoicesthediscontinuitydetectionratesfor these
two classes.For thesonorantcodasetof ISFDtestwords,there

Class N Words Female% Male%

Sonorant 476 86 68
Non-Sonorant 364 52 46

Table2: Female and Male Concatenation Discontinuity Detec-
tion Rates and Number of Test Words for ISFD Test Words with
Sonorant and Non-Sonorant Classes of Word Endings

wasa significantlyhigherdetectionratefor thefemalethanfor
the malevoice ( �H�I��
	� $�����$ ,

�/�
�J#���� , �K�J
	� 
�
�
	� ). For

thenon-sonorantset,thefemalevoicealsohada higherdetec-
tion rate,but thedifferencebetweenfemaleandmalerateswas
muchsmaller( �"�@��� ��
���$ ,

�/�
������� , �2�3
�� 
	�L��� ).

3.3. Initial Different/Final Same (IDFS) test words

As illustratedin Fig. 1, for IDFS testwordstherewasno sig-
nificant overall differencebetweendetectionratesfor female
andmalevoices( �M�N
�� ����
�
 ,

�/�
�N$���
 , �K�J
	� ��
�#�� ). No

largeor consistenteffectson detectionrateswereobserved for
variousclassesof onsets(word initial consonantsor consonant
clusters).

However, even thoughthe codasof IDFS test word con-
stituentswerealwaysthesame,detectionratesfor IDFS words
with sonorantcodasweresignificantlyhigher than thosewith
non-sonorantcodasfor both voices (Female: �@�O$�� #���
�$ ,���
�P$���$ , �J�.
	� 
�
�
	� ; Male: �;�Q����� ������� ,

�/�
�P$���$ ,

�2�'
	� 
�
�
	� ).
Detectionratesfor IDFS test words with sonorantcodas

did not differ betweenfemaleandmale voices( �&�1
�� �L#�$�� ,



�/�
�7#�#�
 , �&�7
�� #���#�� ), nordid detectionratesfor IDFSwords

with non-sonorantcodas( �R�B��� ����
	� ,
���
�K��$�
 , �2�7
�� ��
	�>� ).

Table3 lists for bothvoicesthediscontinuitydetectionratesfor
thesetwo classesin IDFS words.

Class N Words Female% Male%

Sonorant 450 60 62
Non-Sonorant 390 39 36

Table3: Female and Male Concatenation Discontinuity Detec-
tion Rates and Number of Test Words for IDFS test words with
Sonorant and Non-Sonorant Classes of Word Endings

4. Summary and Discussion
Concatenationdiscontinuitiesweresignificantlymore audible
overall for the femalevoice, for which 61.4%of the discon-
tinuities were detected,than for the male voice, for which
54.2%weredetected.For both voices,diphthongshada sig-
nificantly higherdiscontinuitydetectionratethanlong or short
monophthongvowels. Concatenationdiscontinuitiesweresig-
nificantlymoreperceptiblefor bothvoiceswhenthefinal halves
of theconstituentsof testwordsdiffered(Female:71.2%;Male:
58.5%)thanwhenthe initial halvesdiffered(Female:50.5%;
Male: 50.0%).In theformercase(ISFD) for bothvoices,if ei-
therof thetwo constituentwordscontaineda postvocalicsono-
rant or eitherconstituentwasvowel-final, discontinuitydetec-
tion ratesweresignificantlyhigherthanif they did not. Evenin
thelattercasewhenthecodasof testwordconstituentswerethe
same,detectionratesfor IDFS wordswith sonorantcodaswere
significantlyhigherthanthosewith non-sonorantcodasfor both
voices. Pre-vocalic consonantshad little effect on detection
ratesgenerally. Detectionratesfor the femalevoicewerecon-
sistentlyhigher than the male voice for ISFD test words, but
therewasno significantoverall differencebetweenfemaleand
maledetectionratesfor IDFS testwords.

Becausediphthongsarevowelswith two successivetargets,
they arenot marked by a relatively steady-statemid-vowel re-
gion asis thecasefor monophthongs(vowelswith a singletar-
get). Sinceall vowels in the studywerebisectedandconcate-
natedat their mid-points,diphthongswere cut at a spectrally
dynamicpoint during their transitionfrom the first to the sec-
ondtarget.Monophthongs,in contrast,werecutwithin a target
region with a relatively stablespectrum.Thesedifferencesin
spectralchangeat theconcatenationpoint betweendiphthongs
andmonophthongsprobablyaccountfor theconcatenationde-
tectabilitydifferencesobservedbetweenthetwo classesof vow-
els.

The muchlarger effect of post-vocalic consonantsthanof
pre-vocalic consonantson the detectionof concatenationdis-
continuitiesin the vowel indicatesthat anticipatory(right-to-
left) coarticulationhas a larger effect than retentive (left-to-
right) coarticulation.That is, phonesthatfollow a givenphone
influenceits articulationmore or over a longer interval than
phonesthatprecedeit in time (see[14] for a discussionof this
topic). Sonorantconsonantshave a particularly strongcoar-
ticulatory influenceon the precedingvowel, which gradually
changesduringmuchof its duration. Thus,themid-pointof a
vowel precedinga sonorantconsonantis relatively lessspec-
trally stablethan the mid-point of a vowel precedinga non-
sonorantconsonant.

The differencesin discontinuitydetectionamongvowels
andamongconsonantalcontexts consistentlysuggestthat au-
dible discontinuityoften resultsfrom concatenationin regions
of spectralchange.

5. References
[1] A. Conkie and S. Isard, “Optimal coupling of di-

phones.,” in Progress in Speech Synthesis, R. VanSanten,
R.Sproat,J.Hirschberg, andJ.Olive, Eds.1996,pp. 293–
304,SpringerVerlag.

[2] E. KlabbersandR. Veldhuis, “On the reductionof con-
catenationartefactsin diphonesynthesis,” International
Conference on Spoken Language Processing ICSLP 98,
pp.1983–1986,1998.

[3] EstherKlabbers, Segmental and Prosodic Improvements
to Speech Generation, Ph.D.thesis,IPO,Centerfor User-
SystemInteraction,2000.

[4] E. KlabbersandR. Veldhuis, “Reducingaudiblespectral
discontinuities,” IEEE Trans. on Speech and Audio Proc.,
vol. SAP-09,no.01,pp.39–51,Jan2001.

[5] J.WoutersandM. Macon, “Perceptualevaluationof dis-
tancemeasuresfor concatenative speechsynthesis,” In-
ternational Conference on Spoken Language Processing
ICSLP 98, pp.2747–2750,1998.

[6] A. K. Syrdal, “Perceptionof consonantplaceof articu-
lation,” in Speech and Language: Advances in Basic Re-
search and Practice, N. J.Lass,Ed.,vol. 9, pp.313–349.
AcademicPress,1983.

[7] Y. Stylianouand A. K. Syrdal, “Perceptualand objec-
tive detectionof discontinuitiesin concatenative speech
synthesis,” Proc. IEEE Int. Conf. Acoust., Speech, Signal
Processing, 2001.

[8] J.A.Swets,Signal detection and recognition by human ob-
servers: Contemporary readings, PeninsulaPress,1988.

[9] M. Beutnagel,A. Conkie, J. Schroeter, Y . Stylianou,
andA. Syrdal, “The AT&T Next-GenTTS System,” in
Proc. Joint Meeting of ASA, EAA, and DEGA, Berlin,
March 1999, ASA, EAA, and DEGA, p. SASCA 4,
http://www.research.att.com/projects/tts/pubs.html.

[10] A. S. House,C.E.Williams, M. H. L. Hecker, andK. D.
Kryter, “Psychoacousticspeechtests:A ModifiedRhyme
Test,” Tech. Doc. Rept. ESD-TDR-63-403,U. S. Air
Force SystemsCommand,HanscomField, Electronics
SystemsDivision,June1963.

[11] A. S. House,C. E. Williams, M. H. L. Hecker, andK. D.
Kryter, “Articulation testingmethods:Consonantaldif-
ferentiationwith a closed-responseset,” J. Acoust. Soc.
Amer., vol. 37,pp.158–166,1965.

[12] E. J. Kreul, J. C. Nixon, K. D. Kryter, D. W. Bell, J. S.
Lang, and E. D. Schubert, “A proposedclinical test of
speechdiscrimination,” J. Speech and Hearing Research,
vol. 11,pp.536–552,1968.

[13] AmericanNationalStandardsInstitute,“Methodfor mea-
suring the intelligibility of speechover communication
systems,” Revised StandardsReportANSI S3.2-1989-
A revision of ANSI S3.2-1960,AmericanStandardsAs-
sociation,New York, 1989.

[14] R. D. Kent andF. D. Minifie, “Coarticulationin recent
speechproductionmodels,” J. Phonetics, vol. 5, pp.115–
133,1977.


