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Abstract
AChineseaspirationisgenerallyconsideredtobeverydifficulttoreproducebyJapanesestudents.We

measuredthevoiceonsettime(VOT)andmeanpowerduringVOT,astheevaluationparameters,ofdiphthong
soundsofpai[p'ai],pao[p'ao],pei[p'ei]andpie[p'i識]inChineseaspirationsutteredbynineJapanesestudentsandnine
nativeChinesespeakers.ThesoundswereevaluatedbythelisteningtestofeightnativeChinesespeakers.Then
weprovedthattheVOTwasnotthesolemeasureforevaluatingthepronunciationsbutalsothemeanpower
duringVOTwastheothermeasureforevaluatingthem.Thus,weconcludethatpowerisalsoanimportantfactor
inevaluatingthequalityofpronunciation.

１．INTRODUCTION
Thelengthofvoiceonsettime(VOT)inuttering

Chineseaspiratedsounds,whicharedifficultforJapa-
nesetopronounce,isanimportantfactorinevaluating
thequalityofpronunciation.Inthepreviouspapers[１]
[２][３][４],wemeasuredthelengthsofVOTandthepow-
ersduringVOTfortwentyonesingle-vowelsyllables
ofsixkindsofaspiratesfornineJapanesestudentsand
ninenativeChinesespeakers.Thequalityofthestu-
dents'pronunciationwasevaluatedusingahearing
testjudgedbyeightnativeChinese.Theresultsindi-
catedthatthecorrelationofthequalityofthestudents'
pronunciationtothepowerusedinutteringasound
wasgreaterthanthattotheVOTwithinacertain
rangeofVOT whichvariedfordifferentsyllables.
Thus,weconcludedthatpowerwasalsoanimportant
factorinevaluatingthequalityofpronunciation.

Inthepresentpaper,thesamemethodwiththat
proposedintheperviouspaperswasusedtomeasure
VOTandrelativeaveragepower,Pav,duringVOT.
Weexaminedthedependencyofthequalityupon
thesevaluesfortheChineselabialaspirationsoundsof
diphthongs,pai[p'ai],pao[p'ao],pei[p'ei]andpie[p'i識],as
pronouncedbynineJapanesestudents,whohadstud-
iedChinese３ hoursperweekforoneyearand
showedthatthequalityofpronunciationdependednot
onlyonVOTbutalsoonthepowerduringVOT.

２．DIFFERENCES BETWEEN
DIPHTHONGSOFASPIRATED AND
UNASPIRATEDSOUNDS
Figure１ showsthespectrogramsoflabialdiph-

thongsyllableofunaspiratedbai[pai],left,andtheaspi-
ratedpai[p'ai],right,utteredbyaChinesespeaker.The
darkerthehorizontalbands,thehigherthepowerof
thefrequencycomponents.Theaspirateappearsina
briefintervalintherightspectrogram,indicatedby
verticallightstripes,betweenthestopburstandthe
onsetofvocalfoldvibrationsfollowedbyavowel.This
timeintervaliscalledthevoiceonsettime(VOT)[５].

Figure１:Spectrogramsofunaspiratedsyllable
bai[pai](left),andaspiratedsyllablepai[p'ai](right)
pronouncedbyaChinesespeaker.
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Theonsetofthevocalfoldvibrationissoclosetothe
burstintheleftspectrogramthatnoaspirationinter-
valappears.TheVOTofaspiratedsyllablepai[p'ai]is
verylongand１００ms.TheVOTofunaspiratedsyllable
bai[pai]isveryshortandonly５ms.Thesedatawere
acquiredandanalyzedusingatoolofMulti-Speech
(Model３７００,KayElectricsCorp,USA).

３．METHOD USED TO EVALUATE
PRONUNCIATION
WemeasuredtheVOTandcalculatedtherela-

tiveaveragepower,Pav,duringVOTfromthespectro-
gramsusingtheprocedurereportedpreviously[１][２][３]
[４].ThesoundsutteredbynineJapanesestudents
wererankedinahearingtestofthereproduced
soundsconductedbyeightnativeChinesespeakers.
Thegradeswereasfollows:３=pronunciationwhich
soundsaspirated;２=unclearsounds;and１=sounds
unaspirated.Theexaminerscheckedwitheachother
thattheirpronunciationswereperfectlyaspirated.
Somedatawereexcludedincasesofsplitevaluations
andastandarddeviationoflargerthan０.６４,broken
soundsutteredveryclosetothemicrophone,and
soundswithalowS/Nutteredawayfromthemicro-
phone.Anaveragegradeofmorethan２.６wasdefined
asagoodpronunciation,fiveoftheexaminersawarded
‘３’andthreeexaminersawarded‘２’.

Figure２showsthespectrogramsoftheaspirated
syllablepai[p'ai]ofaJapanesestudent(left)andana-
tiveChinesespeaker(right).TheVOT,ontheleftside
fortheJapanesestudent,isonly５msandsoshortcom-

paredwiththatofthenativespeaker.Itis１０３mson
therightsideforanativeChinese.Thispronunciation
receivedtheworstgradeof１.０.TheshortestVOTsof
thesoundspao[p'ao],pei[p'ei]andpie[p'i識]oftheJapa-
nesestudentswere２ms,５msand４ms,respectively.
Theseallpronunciationsreceivedtheworstgradeof
１.０.

ThelongestVOTsofthepronunciationspai[p'ai],
pao[p'ao],pei[p'ei]andpie[p'i識]oftheJapanesestudents
were４５ms,７０ms,６５msand９２ms,respectively.
Thesepronunciationsreceivedthehighestgradeof
２.８,３.０,３.０and３.０,respectively.
Theseexamplesagreedwellthatwhenanaspirated
syllableispronouncedwithabriefVOT,itsoundsun-
aspirated,andwhenitispronouncedwithalongVOT,
itsoundsaspirated[６].ItisthoughtthatVOTisoneof
themeasuresdecidingtheaccuracyoftheaspirated
sounds.
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Figure２:Spectrogramsofaspiratesyllablepai[p'ai]
pronouncedbynativeChinesespeaker(right)and
Japanesestudent(left).

Figure３:Spectrogramsofaspiratedsyllable
pai[p'ai]pronouncedbyJapanese.

Wecanfind,however,someexceptionsasshown
infigure３whichshowsthespectrogramsoftheaspi-
ratedsyllablepai[p'ai]pronouncedbyJapanesestu-
dents.TheVOTontherightsideis２５ms,thecolorof
theverticalstripesinVOTisdark,andtheutterance
receivedhighgradeof２.９.TheVOTontheleftsideis
２８ms,anditisslightlylongerthanthatofrightside.
But,theevaluationislowandthegradeis１.３.Vertical
stripeslooklightintheVOTofthepronunciationof
theleftside.
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４．DEPENDENCY OF GRADE ON
POWER
Inthepresentstudy,wefoundsomecasesin

whichthestudent'spronunciationofaspiratedsounds
receivedalowgradeevenwhentheVOTwasalmost
thesameorlongerthanthatofChinesespeakers.To
findthereasonforthis,weusetherelativeaverage
power,Pav,duringtheVOT[１][２][３][４],tohavepro-
posedbefore,ofthelabialsoundsofdiphthongaspi-
ratedsyllablesinChineseutteredbynineJapanesestu-
dentsandninenativeChineseandexaminedthe
dependencyofthepronunciationgradeonthem.
Table１summarizestheVOTandtherelativeav-

eragepower,Pav,duringtheVOTfordiphthongofas-
piratedsyllables,pai[p'ai],pao[p'ao],pei[p'ei]andpie[p'i
識].TheaverageVOTandtheaveragePavforthe
threeperiodsareshownwheretheVOTisshort,in
somespecificrange,andlongenough.Theaverage
gradeisjustforthestudents.

TheaverageVOTofthestudents'dataforthesyl-
lable,pai[p'ai],whichareshorterthan１０ms,is４ms.
TheaveragePavisaslowas１.８.Thegradeisthe
worstand１.０.Incaseof２０-３０ms,theaverageVOTis
２５ms,theaveragePavisaslowas６.Thegradeisalso
lowand２.３.TheaveragePavofpronunciationswith
theVOTlongerthan３５ms,hasthehighestvalueof
３１０.Theaveragegradeisthefullmarkof３.０.The
powerisconsideredtobeameasureofthequalityof
thepronunciation.VOTsofthepronunciationsofall
thenativeChinesespeakersarelongerthan３５ms.
Theyareabouttwicelongerthanthatofthestudents.

TheaverageVOTofthestudents'dataforthesyl-
lable,pao[p'ao],whichareshorterthan２０ms,is８.３ms,
TheaveragePavisaslowas０.８.Thegradeisverylow
and１.１.Incaseof３５-４０ms,theVOTis３８ms,the
powerisashighas１３０.Thegradeishigherand２.７.
TheaverageVOTandaveragePavofstudents'data
arealmostthesameasthoseofChinesespeakersin
thisrange.Thepowerisconsideredtobeameasureof
theaccuracyofthepronunciation.Thepowerofpro-
nunciationswiththeVOTlongerthan４１ms,ishigher
and５７.Theyreceivedahighaveragegradeof２.９.
VOTofthepronunciationsofChinesespeakersisvery
long,butaveragePavisthelowest.Itisunderstood
thattheaccuracyofthepronunciationsdidnotdepend
onthepowerwhenVOTisenoughlong.
TheaverageVOTofthestudents'dataforthesyl-

lable,pei[p'ei],whichareshorterthan２２ms,is１６ms.
AlthoughtheaveragePavisashighas３１,thegradeis
solowandonly１.５.Incaseof２５-２９ms,thepowerisas
lowas４.３.Thegradeislowand２.５.TheaveragePavof
pronunciationswiththeVOTlongerthan３０ms,has
thehighestvalueof１４６andthegradeisthehighest
and２.９.TheaveragePavofthepronunciationofChi-
nesespeakershasalsothehighestvalueof２２１.
TheaverageVOTofthestudents'dataforthesyl-

lable,pie[p'i識],whichareshorterthan２５ms,is１８ms.
TheaveragePavislowand１３.Thegradeisalsolow
and１.３.Incaseof３９-４０ms,theaverageVOTofthe
pronunciationis３９msandtheaveragePavishighand
３８.Thegradeishighand２.９.TheaveragePavofpro-
nunciationswiththeVOTlongerthan６０ms,hasthe
highestvalueof６０.Thegradeisthefullmarkof３.０.
TheaveragePavofthepronunciationofChinese
speakerhasthehighestvalueof６０.TheaverageVOT
forChinesespeakersisaslongas１０６ms,theaverage
powerisaslowas４.７,Itisunderstoodthattheaccu-
racyofthepronunciationdoesnotdependonthe
powerinthisperiod,either.

Theupperexamplesshow thatpronunciations
withalowgradehavetheshortVOT.IfVOTislong
enough,thepronunciationevenwithalowerpower
getsagoodgrade.WhenthelengthofVOTisinacer-
tainrange,thepronunciationwithahigherpowergets
abettergradeandthatwithalowerpowergetsa
worsegrade.

Table１:AveragedVOTandMeanvalueof
RelativeAveragePower(Pav)ofaspiratedsyllableof
pronunciationbynineJapanesestudentsandnine
Chinesenativespeakers
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４．１Theconsiderationonrelationbetween
thegradeandtheaveragepower
Figures４(a),(b),(c),(d)show thedistributionsof

dataforfourChineseaspirated sounds,pai[p'ai],
pao[p'ao],pei[p'ei]andpie[p'i識],theabscissarepresents
theVOTandtheordinaterepresentstherelativeaver-
agepowerPav.Theaveragegradewasaddedtothe
students'individualmarks.Pointswerealsoplottedfor
theChinesespeakerstoprovideareference.

４．１．１Caseofthegradedependingonthe
power

Figure４(a)showsthedatafortheaspiratesyllable
ofpai[p'ai].D１,locatedattheleft,hasaVOTof２０ms
andarelativelyhighpowerof１９.D２,locatedfarbelow
D１,hadalongerVOTof２６msthanthatofD１.Butthe
powerisaslowas１.２,thegradesdifferenceof２.６and
１.３islarge.D３,locatedintheupperpart,hadaVOTof
３５msandthegradeof３.０.Althoughthedifferenceof
VOTofD３andD２isonly９ms,thepowerdifferenceof
８６５and１.２isverylarge.Thepronunciationwitha

higherpowergetsabettergrade.Thefigureshows
thatthedatafortheChinesespeakershadsufficient
VOTorpowerevenwithashortVOT.

Figure４(b)showsthedatafortheaspiratesylla-
ble,pao[p'ao].D１,locatedatthetop,hasaVOTof４０ms
andgradeof３.０.D２,locatedjustbelowD１,hasVOTof
３５msandgradeof２.４.AlthoughthedifferenceofVOT
isjust５ms,thepowerdifferenceof３４０and５０islarge.
Thepronunciationwithahigherpowergetsabetter
grade.Whenweexcludefourdatawithlowerpower,
theVOTlengthandpoweroftheotherdataareabout
thesameasChinesespeaker'sdata.
Figure４(c)showsthedatafortheaspiratesylla-

ble,pei[p'ei].D１,locatedatthemiddleleft,hasaVOT
of２５msandarelativepowerof７.７.AlthoughD２,lo-
catedbelowD１,hasalmostthesameVOTwithD１,it
hasalowpowerofonly０.９８.Thegradesreceivedwere
２.９and２.３,respectively.Thesedatashowthatsylla-
blespronouncedwithhigherpowerreceivedahigher
grade.ThedataofChinesespeakershavethelong
VOTandhigherpowerintheupperrightofthefigure.

Figure４: Datadistributionoftheaspiratedsyllablespai[p'ai](a),pao[p'ao](b),pei[p'ei](c)andpie[p'i識](d)onthe
surfaceofVOTin abscissaandrelativeaveragepowerinordinate.

EvaluationofAspirationSoundsofChineseLabialDiphthongUtteredby
JapaneseStudentsUsingVOTandBreathingPower

(c) (d)

(a) (b)



155

Figure４(d)showsthedatafortheaspiratesylla-
ble,pie[p'i識].D１,locatedatthesecondfromthetop,has
aVOTof４０ms,arelativepowerof６８andthegradeof
３.０.AlthoughD２,locatedbelowD１,hadalmostthe
sameVOTwithD１,thepowerislowerthanD１,and
thegradeisalittlelowerthanD１.Asforthepronuncia-
tionofthestudentswhichhadthelongerVOTthan４０
ms,ithadahighpower,andreceivedhighergrade
than２.８.

Theupperexamplesshowthatthepronunciation
withahigherpowergetsabettergradeeventhough
theirVOTsarenearlyequalorshorterthanthose
withlowerpower
ThegradeofpronunciationswithVOTbetween

２０and３０msfortheaspiratedofdiphthongsyllable
pai[p'ai],thatbetween３５and４０msforpao[pa'o],that
between２５and２９msforpei[p'ei]andthatbetween３０
and４０msforpie[p'i識]doesnotdependsomuchonthe
lengthofVOTratherdependsontheaveragepower
usedtobreatheduringVOT.

４．１．２CaseofveryshortVOT
Thedependencyofthegradeonthepowerisnot

alwaystrue.Someexamplesshowthatdependencyis
notfound,iftheVOTisveryshort.Figure４(b)shows
thedatafortheaspiratesyllable,pao[p'ao].D３,located
atthethirdfromleft,hadaVOTof２０msandapower
of１.３.D４,locatedrightbelowD３,hadalowerpowerof
０.２.However,itreceivedahighergradeof２.７thanthat
ofD３.Figure４(c)showsthedatafortheaspiratesylla-
ble,pei[p'ei].AlthoughD３,locatedatthethirdfromleft,
hadahighpowerof４０,itreceivedalowgradeof１.５.
Onthecontrary,althoughD１,locatedbelowD３,hada
lowerpowerof７.７thanthatofD３,itreceivedahigher
gradeof２.９thanthatofD３.Figure４(d)showsthedata
fortheaspiratesyllable,pie[p'i識].D３,locatedatthesec-
ondfromleft,hadaVOTof２５msandahighpowerof
３８,howeveritreceivedtheworstgradeof１.０.Onthe
contrary,althoughD２,locatedatrightbelowD３,hada
lowerpowerof７.４thanthatofD３,itreceivedthehigh-
estgradeof３.０.Thesametendencyisobservedforthe
othersyllableswithaveryshortVOT.

４．１．３CaseoflongenoughVOT
Theotherexamplesshowthatgradedoesnotde-

pendsomuchonthebreathingpower.

Asfigure４(a)fortheaspiratedsyllable,pai[p'ai]
shows,thedatumofChinesespeakeratthebottom,
hasaVOTof７０msandthelowestpowerof０.１５.As
figure４(b)foraspiratedsyllable,pao[p'ao]shows,al-
thoughD４,locatedatthethirdfromthebottom,hada
VOTof４０msandalowpowerof０.２,itreceivedahigh
gradeof２.７.ThedatumofChinesespeakeratthebot-
tom,hadthesecondlongestVOTof９０ms,butthelow-
estpowerof０.００５inthesamefigure.Asfigure４(c)for
theaspiratesyllable,pei[p'ei]shows,althoughD４,lo-
catedatthesecondfromthebottom,hasaVOTof３０
msandalow powerof０.７,itreceivedthehighest
gradeof３.０.

Alltheexamplesshownaboveimplythatthe
gradesdidnotcorrelatecloselywithpowerifthe
lengthoftheVOTwaslongerthanacertainvalues.
Thesametendencyisalsoobservedintheother
syllables.

５．CONCLUSIONS
Weattemptedtoestablishsomeusefulevaluation

measurestodevelopmethodsforteachingstudents
how topronounceChineseaspiratedsyllablescor-
rectly.WeexaminedtheVOTandrelativeaverage
power,Pav,duringtheVOTforfourdiphthongsylla-
blesofaspiratedbilabialChinesesoundsutteredby
ninenativeChinesespeakersandnineJapanesestu-
dents.Gradesforthepronunciationofeachsound
weredeterminedbytakingtheaveragevalueofthree
gradesgivenbyeightnativeChinesespeakersina
hearingtest.WhenthelengthoftheVOTfortheChi-
neseaspirationwaswithinacertainrange,pronuncia-
tionmadeusinghigherpowerreceivedahighergrade,
andviceversa.Theresultsindicatethatthequalityof
thepronunciationofaspiratedsoundsdependsnot
onlyontheVOTbutalsoonthepowerusedduringthe
VOTasweshowedinthepreviouspaper[１][２][３][４]for
thecaseofthesingle-vowelaspiratedsyllables.

TheaverageVOTofthepronunciationofthestu-
dentsisshorterthanthatofChinesespeakers,and
aboutahalf.IftheVOTwasveryshort,thepronuncia-
tionsoundedpoor.IftheVOTwaslongenough,the
pronunciation sounded good regardlesswith the
power.Especially,theVOTofpronunciationoftheChi-
nesespeakerswasenoughlongandthepowerwas
low.Theresultsshowedthattherewasnodepend-
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encyonthepowerintheseVOTperiods.
Theresultsoftheseassessmentssuggestthat,in

general,whenanaspiratedsyllableispronouncedwith
alongVOTitsoundsasthoughitiscorrectlyaspi-
rated.However,ourfindingsshowthatthequalityof
thepronunciationofaspiratedsoundsdependsnot

onlyontheVOTbutalsoonthepowerusedduringthe
VOT.

Inordertodeveloptheinstructiondeviceforthe
pronunciationofaspiratedsyllables,wewillcontinue
theefforttoestablisheffectiveevaluationmeasures.
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