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Abstract

Theintelligibility of responsesin spokendialogue
systemsis importantfor communicatingsuccess-
fully, especiallywhen the systemsare usedvia
cellular phonesin noisy environments.We con-
trivelanguageexpressionsof systemresponsesto
avoid usersmisunderstandings,which mayoccur
whenwordpairsin asystem’svocabularyphono-
logically resembleeachother. We designedand
developeda methodto automaticallyaddclarify-
ing expressionswhen needed. Our methodcan
be appliedto variousdomainsbecauseno hand-
written rulesareneededin new domains. It ex-
ploitsmultipleknowledgesourcessuchasdictio-
nariestogetdistinctivewordsascandidatestouse
in clarifying expressions.To selectthebestone,
we introducea criterion:easein hearing.It is de-
fined as the weightedsum of the uniquenessof
the distinctive word and the differencebetween
thedistinctive andoriginal words. We evaluated
our methodby applyingit to thevocabulariesof
two systems. An experimentwith five subjects
showedthatoursystemimprovedtheintelligibil-
ity of phonologicallysimilarwords.

1 Intr oduction
Becauseof recentimprovementsin spokendialoguesystems,
we can accessinformation systemsverbally with cellular
phones[Komataniet al., 2003;Rauxand Eskenazi,2004].
Sinceno specialnew apparatusesareneededwhenthe tele-
phoneis usedasthe interface,suchinformationservicesare
expectedto beusedby variouspeople,includingtheelderly.

Communicationusingspeechinherentlyinvolvesrecogni-
tion errors. Phones,particularlycellular phones,often pick
up backgroundnoise,sospeechcommunicationmustbero-
bustin suchenvironments.Therefore,variousstudiessuchas
[HirschandPearce,2000] havefocusedonimproving speech
recognitionaccuracy in noisysituations.

In additionto speechrecognitionerrors,whichcorrespond
to thesystemmishearingtheuser, thepossibilityof theuser
mishearingspeechshouldalsobeconsidered.Although the
quality of text-to-speech(TTS) systemshas improved, the

controlof intonationremainsa problem.Automaticallygen-
erating appropriateintonationsand accentsfor individual
propernounsis nearlyimpossible.Therefore,theexpressions
asystemusesshouldbeintelligible sothattheusereasilyun-
derstandsthem,especiallywhenTTS systemsareused.

Wedevelopedamethodof automaticallyaddingappropri-
ateexpressionsto systemresponsesthatmakeshearingcon-
tentwordsincludingpropernounseasier. Weaimedto reduce
usersmishearingandto improvethecertaintyof speechcom-
munications,evenin noisysituations.

To clarify aconfusingspelling,Englishspeakersoftenuse
thephoneticcode,e.g.,“A for alpha”,“B for boy”, and“C for
Charlie”. Becausewethink thatthephoneticcodeis not intu-
itive enough,we alsousedwordsor expressionsthatexplain
largerunitsthanphonesto indicatedifferencesbetweencon-
fusing words. We usedmultiple knowledgesources(dictio-
naries)to automaticallyobtaincandidatewordsto be added
to confirmationsasclarifying expressions.

Criteriaareneededto selectthebestclarifying expression
amongcandidates.We definethe easein hearingthe clar-
ifying expressionusing two criteria: the uniquenessof the
clarifying expressionandits differencefrom theoriginal ex-
pression. By comparingweightedsumsof the two criteria
for eachcandidate,thebestclarifying expressionis selected
and spoken to users. The candidatesare automaticallyex-
tractedfrom knowledgesourcesthataregenerallyused,and
thebestcandidateis automaticallyselected.This meansthat
our methoddoesnot dependon a specificdomain,so it can
beappliedto otherdomainswithoutnew generationrules.

2 Designof SystemResponsesto Avoid User
Misunderstanding

2.1 Misunderstanding Causedby Phonologically
Similar Words

In communicationsusingspeechmedia,speechrecognition
errorscannotbeavoided.To successfullycommunicate,user
mishearingof the system’s responsesmust be avoided, as
mustsystemrecognitionerrors. In particular, errorsin com-
municatingcontentwordsare fatal in spoken dialoguesys-
temsbecausesuchwordsareusedaskeywordsfor queries.
To avoid sucherrors,many systemsrequireconfirmationof
contentwords[Hazenet al., 2000]. Theconfirmation,how-
ever, maynot beunderstoodwhenphonologicallyconfusing



S1:
�

Pleasetell meyourcurrentbusstop,destination,or
specificbusroute.

U1: FromKinkaku-ji ( ����� ) temple.
S2: Did yousay“from Kinkaku-ji ( ����� ) temple”?
U2: ??? (The usercannotdiscernwhetherthe system

saidKinkaku-jior Ginkaku-ji.)

Figure1: Exampledialoguefrom conventionalsystem.

S1: Pleasetell meyourcurrentbusstop,destination,or
specificbusroute.

U1: FromKinkaku-ji ( ����� ) temple.
S2: I amnot surewhetheryou saidKinkaku-ji ( �����

) templeor Ginkaku-ji( ����� ) temple.Doeswhat
yousaidbegin with thecharacter“kin ( � )”, which
meansgold in English?

U2: Yes.

Figure2: Exampledialoguefrom oursystem.

wordsareused.In suchcases,humanscandistinguishsuch
words by focusingon the confusingpart and adjustingthe
intonation,accent,speed,etc.For thesystems,automatically
givingpropernounstheproperintonationandaccentis nearly
impossible,just as non-native speakershave difficulty pro-
nouncingunknown propernounscorrectly. Therefore,intel-
ligible languageexpressionsof theconfirmationsareneeded
aswell aspreciseTTS enginesto correctlytransmitthesys-
temresponses.

Our goalwasto prevent themishearingof contentwords
in spokendialoguesystems.Whenthecontentwordsin con-
firmationresponsesarephonologicallyconfusing,oursystem
automaticallyaddsexpressionsto clarify thewords.Thesys-
temautomaticallyextractsphonologicallysimilar word pairs
from thevocabulary andgeneratesclarifying expressionsby
using multiple knowledgesources. Clarifying expressions
makeconfirmationsintelligible,but mayalsomakedialogues
lengthy. Whatwordswill beaddedto theclarifying expres-
sionscanbecontrolledby settinga thresholdto thephonetic
distancebetweenconfusingwords.

An exampledialoguefrom aconventionalsystemis shown
in Figure 1, and one from our systemis shown in Figure
2. Becausephonologicallyconfusingwordsare in the sys-
tems’vocabulariessuchasKinkaku-jiandGinkaku-ji, which
arenamesof temples,the confirmation“Did you say from
Kinkaku-ji temple?”in Figure1 maysoundsimilar to “from
Ginkaku-jitemple”,especiallywhenthequalityof theTTSis
low or is listenedto in a noisyenvironment. Therefore,our
systemgeneratesa confirmationthat containsan expression
thatclarifiesthedifferencebetweenphonologicallyconfusing
words(e.g.,“Doeswhatyousaidbegin with thecharacterkin
( � ), whichmeansgold in English?”in Figure2).

2.2 GeneratingConfirmation without Dependence
on Domains

Our goalis to generatethekind of confirmationdescribedin
the previoussubsectionwithout dependenceon any specific
domain. That is, we do not manuallydescriberulesfor in-
dividual wordsin a system’s vocabulary, but exploit existing
knowledgesourcessuchasdictionaries. This enablesus to
automaticallyapplyourmethodto varioussystems.

Specifically, oursystemextractswordpairsthatarephono-
logically similar from a system’s vocabulary. It also auto-
maticallyobtainscandidatesfor clarifying expressionsfrom
dictionariesto distinguishthe pairs. As a unit to explain
thedifferencebetweenconfusingpairs,we adoptedChinese
characters1 becausewe think a larger unit than a phoneis
moreintuitive. We exploit existing dictionariesthat explain
the unit, suchas a set of words consistingof several Chi-
nesecharacters,a Japanese-Englishdictionary, a dictionary
describingreadingsof Chinesecharacters,andthe Japanese
phoneticcode2. Noneof thesedictionarieswereconstructed
by handfor our systembut generallyused. The systemau-
tomaticallyselectsthebestcandidateexpressionbasedon its
intelligibility . Thus,theclarifying expressionsaregenerated
automatically.

2.3 Intelligibility of SystemResponses
Weassumethattheintelligibility of systemresponsesconsists
of two factors:difficulty andeasein hearing.

The difficulty indicates whether users understandthe
meaninginstantlyuponhearinganexpression.Therefore,the
intelligibility of a systemresponseis improvedwhenanex-
pressionwith low difficulty is used.We definethedifficulty
of an expressionby thedifficulty of its words. We incorpo-
ratedthe difficulty by usingdictionariesin which difficulty
rankingsaregiven.

The easein hearingindicateswhetherthe expressionis
confusing. Therefore, it is defined by consideringboth
whetherthe expressionis generallysimilar to otherexpres-
sionsandhow theresponsechangedphonologicallyfrom the
original confusingresponseby addingtheclarifying expres-
sion.Wedefinetheformerastheuniquenessandthelatteras
thedifferenceof a clarifying expression.Theeasein hearing
is definedby theweightedsumof thetwo criteria.

3 GeneratingClarifying Expressionsfor
PhonologicallySimilar Words

Wedescribeourmethodfor generatingclarifying expressions
by obtainingdistinctive wordsfrom dictionaries.Confusing
word pairsareautomaticallyextractedfrom the systemvo-
cabulary and are distinguishedusing the distinctive words.
Theprocedureis listedbelow anddepictedin Figure3.

1. We definethe phoneticdistancebetweentwo words.
By calculatingthedistancefor all thecombinationsin

1BecauseChinesecharactersareideograms,Japanesepeopleof-
tentell thedifferencebetweentwo wordsusingthemeaningsof the
characters.

2TheJapanesephoneticcodedescribeseachJapanesesyllable.
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Figure3: Flow to generateclarifying expressions.

thesystem’s vocabulary3, phonologicallysimilar word
pairsareextracted.

2. Distinctive words that include different spelling or
phonesbetweenthephonologicallysimilarpairareob-
tainedfor eachpair from dictionaries. The wordsare
candidatesfor usein clarifying expressions.

3. The bestcandidateamongthe distinctive wordsis se-
lected. An expressionof confirmationis generatedby
applying the candidateto templatesfor responsesen-
tences.

We describethedetailsof eachstepin the following sec-
tions.

3.1 Extracting Pairs of PhonologicallySimilar
Words from SystemVocabulary

We describeour methodof extractingphonologicallysimilar
wordpairsfrom atargetsystem’svocabulary. First,wedefine
the phoneticdistancebetweenwords,which representshow
phonologicallysimilar two wordsare.Two wordsarephono-
logically similar, that is, confusing,if they have morecom-
monphonemesandlessdifferentphonemes.Furthermore,in
Japanese,becausewordsarepronouncedby following adefi-
niterhythmcalledmora4, two wordshaving thesamenumber
of moraetendto beconfusing.

Consideringthesecharacteristics,we define a phonetic
distance,	�
��
����������� , between� and��� asfollows:

	�
���
�������� � ��� � 
���
������� � � !#" ��$&%�'(��) ��)��*) � � )�,+.-�� � (1)

where ) ��) denotesthenumberof phonemesin word � . The

3Although the cost to computethe distancebetweenall word
pairsis high, it canbedonebeforehand.

4A mora usually consistof a consonantand a vowel. Since
Japaneseis amora-timedlanguage,therhythmof Japaneseplacesa
beaton eachmorain words,which is calledmoraisochronism.

Table1: Examplesof phonologicallysimilarwordpairs.
kyotofuritsumogakko ( /1032.4656798 )
(Kyotoprefecturalschoolfor theblind) 0.34kyotofuritsurogakko ( /1032.46:6798 )
(Kyotoprefecturalschoolfor thedeaf)
rakusaikoko mae( ;3<6=983> )
(In front of Rakusaihighschool) 0.36rakusuikoko mae( ;9?.=983> )
(In front of Rakusuihighschool)
kinkaku-jimichi ( �����A@ )
(Kinkaku-ji templeroad) 0.37ginkaku-jimichi ( �B���A@ )
(Ginkaku-ji templeroad)

numerator, � 
���
������� � � , denotesthe edit distance5 between
the phonemesequences� and � � . The edit distanceis cal-
culatedusingDP matching[Navarro, 2001]. In calculating
anedit distance,a costis introducedfor eachinsertion,dele-
tion,andsubstitutionto reflectthemorastructure.Here,CED is
asetof vowels,chokedsounds,andsyllabicnasals,and C(F is
a setof consonantsandsemi-vowels. If editedphonemesbe-
long to CED , thecostis doubledbecausethenumberof morae
is changed.

Thesystemextractsword pairswhosephoneticdistances
arelow asphonologicallysimilar words. Examplesof such
word pairs in the Kyoto City Bus Information Systemare
shown in Table1.

3.2 Obtaining Candidatesfor Clarifying
Expressions

We describehow to obtain distinctive words as candidates
for clarifying expressionsto distinguishphonologicallysim-
ilar word pairs,which wasdescribedin theprevioussection.
Wefocusondifferencesof phonesor spellingdifferencesbe-
tweenthe pairs. The systemobtainsdistinctive words that
includethedifferentspellingor phonesfrom multipleknowl-
edgesources.We usedfour theknowledgesourcesdescribed
later.

First, the systemextractscharacters,which are Chinese
charactershere,or phonesthatarenotcommonbetweencon-
fusing word pairs. Hereafter, the first characteror phone
extracted is denotedas <char> or <phone> 6. Their
positionsin confusingwords are denotedas <charLoc>
and<phoneLoc> representedusingcommoncharacters(or
phones)beforethe difference.An exampleis shown below
for rakusaikoko mae( ;A<9=G8A> ) andrakusuikoko mae( ;?.=983> ).

<char> � “ < ”, “ ? ”
<phone> � “sa”, “su”

<charLoc> � “after thecharacterraku( ; )”
<phoneLoc> � “after thephonesraku”

(2)

Whenthe differenceis at the beginning (or end)of a word,
we use<charLoc> = <phoneLoc> = “at the beginning”

5The edit distanceof two strings, HJI and HJK , is definedas the
minimumnumberof mutationsto changeHJI into HJK , whereamuta-
tion is asubstitution,insertion,or deletion.

6Phonesin Japanesecorrespondto theJapanesesyllabary.



Table2: Specificationsof JC1.
difficulty # words example
A1 (low) 2,337 L6M (objection)
A2 2,618 N6O (main)
B 4,892 PRQ (admonition)
C 8,989 S6T (hospitality)
F (high) 16,239 U.V (unconstitutionality)

W�X
(sign), �ZY (Friday), [9\ (air),?.Y^] (Wednesday),L9M (objection),...

Figure4: Examplesof pairsof Chinesecharacters.

Chinesecharacter nativeJapanesereadings_
(out) soto,hazusu,hoka`

(sound) oto,nea
(voice) koe, kowab
(read) yomu

Figure5: Examplesof Japanesereadingsof Chinesecharac-
ters.

(or “at theend”).
The systemobtains distinctive words from knowledge

sourcesas candidatesthat contain the different spelling or
phones.We will describefour methodscorrespondingto the
knowledgesourcesused.

Method UsingWords Consistingof Several Chinese
Characters
The systemuseswords consistingof several Chinesechar-
actersincluding differencesin spelling. We useda dictio-
nary, JC1[Sato,2004], in which the difficulty rankingsare
given. The specificationsof JC1are listed in Table2. We
usedwordshaving thelowestdifficulty to improvetheintelli-
gibility of expressions.This dictionaryincludes2,337words
with the lowestdifficulty, part of which is shown in Figure
4. Thetemplateto generateexpressionsof confirmationis as
follows:

“Doesthecharacter<char> in <ccpair> fol-
low <charLoc>?”

Here,<ccpair> denotesa word in thedictionary. Inappro-
priatewordsareremovedfrom thecandidates;for example,
whenawordextractedfrom thedictionaryis apartof its orig-
inal confusingwordpairs,etc.

Method UsingReadingsof ChineseCharacters
We usedJapanesereadingsof Chinesecharactersto explain
confusingwords.We adoptedJapanesereadingsif thetarget
ChinesecharacterhadotherJapanesereadings.Examplesof
the setof readingsareshown in Figure5. The templateto
generateclarifying expressionsof confirmationis asfollows:

“Doesthecharacterreadas<reading> follow
<charLoc>?”

Here,<reading> denotesanotherreadingof thetargetChi-
nesecharacter.

Chinesecharacter Englishtranslationc
raind

yellowe
stonef
bridge

Figure6: Examplesof translationsof Chinesecharacters.

phone descriptionword
sa sakura (cherryblossom)
shi shimbun (newspaper)
fu fujisan (Mt. Fuji)

Figure7: Partof Japanesephoneticcode.

Method UsingEnglish Translation of ChineseCharacters
We usedEnglish translationof a Chinesecharacterwhen
a single Chinesecharacterhad a meaningby itself. If a
Japanese-Englishdictionaryhasan index entry thatconsists
of a single Chinesecharacter, we assumethe entry has a
meaningitself, andit is usedwith its Englishtranslation.We
obtained148singleChinesecharactersandtheir translations,
afterlimiting themto thosewith thelowestdifficulty. Exam-
plesof thesetof singleChinesecharactersandtheir transla-
tionsareshown in Figure6. Thetemplateto generateexpres-
sionsof confirmationis asfollows:

“Does the character<char>, which means
<trans> in English,follow <charLoc>?”

Here,<trans> denotesa translationof a targetcharacter.

Method Basedon PhoneticCode
We alsousedthe Japanesephoneticcodeto explain phones
at thebeginningsof differences.A partof thetableis shown
in Figure7. We useda word in the tableasa distinctive one
to explain a phone.The templateto generateexpressionsof
confirmationis asfollows:

“Does the phone<phone> of <descword>
follow <phoneLoc>?”

Here,<descword> denotesa word describinga phonein
theJapanesephoneticcode.

3.3 SelectingBestCandidatesfor Clarifying
Expressions

We describehow to selectthe most intelligible expressions
from candidates.As describedin Section2.3, intelligibil-
ity dependson both the difficulty of wordsand the easein
hearing. To reducethe difficulty, we only usedwordshav-
ing the lowestdifficulty rankingswhenobtainingcandidates
from dictionaries,asdescribedin theprevioussection.

Theeasein hearingis definedby theuniquenessof thedis-
tinctive word in the clarifying expressionandthe difference
betweenthedistinctive andoriginal words. Here,we define
theuniqueness,gih , andthedifference,�jh , of distinctiveword� h .

The uniqueness,g h , representshow words are included
that are phonologicallysimilar to word � h in the system’s



Table3: Averagenumberof candidatesand percentageof times
thatat leastonecandidatewasobtainedfrom sources(bussystem).

average percentageof timescandidatewasobtained
# candidates I II III IV

3.9 44% 46% 13% 100%

I usingwordswith severalChinesecharacters
II usingreadingsof Chinesecharacters

III usingtranslationof Chinesecharacters
IV usingphoneticcode

Table4: Distributionof subjectivelabelsof clarifyingexpres-
sions(bussystem).

A B C
labelsfor all obtainedcandidates 113 102 13

labelsfor selectedcandidates 49 9 0

knowledgesources,suchassetsof wordsconsistingof sev-
eral Chinesecharacters,a Japanese-Englishdictionary, and
the Japanesephoneticcode. The userwill not confusethe
word with otherswhenfew similar wordsarein the knowl-
edgesources.

Theuniqueness,gih , of word ��h is definedasfollows:

g h � -k
l
mon D 	�
���
���� h �qp� m ���

where	�
��
��� h �qp� m � denotesthephoneticdistancedefinedin
Section3.1. Wordshaving the r smallest	�
��
���� h �qp� m � in all
knowledgesourcesaredenotedas p� m . That is, g,h is defined
astheaverageof the

k
smallestphoneticdistancesof words.

Here,weset
k �s-Jt .

The differencerepresentshow a distinctive word to be
usedin a clarifying expressiondiffersfrom theoriginal one.
Theclarifying expressionis neededwhentheoriginalexpres-
sion is phonologicallyconfusing. Therefore,it may still be
confusingif the distinctive word is similar to the original
one. The differencerepresentsthe intelligibility whenorig-
inal wordsarepresented.

Thedefinitionof thedifference,� h , of distinctive word � h
is asfollows. Here,��uwvyx{z and ��|�}jvy~�� denotethewordswith
moreandlessphonemesof theoriginalword, � , anddistinc-
tive word � h . Thenumberof phonemesof ��u�v�x{z and��|�}jvy~��
are

k u and
k | . The difference,� h , is definedas the mini-

mumof thephoneticdistancebetween� |�}jvy~�� andall partial
phonemesequencesin � u�v�x{z whoselengthsare

k | :
� h � $&%�'moni�#������� l�����l���� 	�
��
����uwvyx{z��wr�+Z-�

�r�+ k |J������|�}�vy~y�y���{�

where�&�wr�
�
�r � � denotesapartialsequencein ��u�v�x{z from ther -th phonemeto the r � -th phoneme.
Usingtheabove two criteria,we assumethatthemorein-

telligible candidateshavelargervaluesof uniquenessanddif-
ference.We definea scorerepresentingthe intelligibility of
theclarifying expressionincludingdistinctiveword � h asthe
weightedsumof theuniquenessandthedifference.Thesys-
temcomparesthescoresandselectsthecandidatethathasthe
largestone. �j���y�

� �� h ���^� D�� g h +R� F � � h

Table5: Averagenumberof candidatesandpercentageof timesthat
at leastonecandidatewasobtainedfrom sources(hotelsystem).

average percentageof timescandidatewasobtained
# candidates I II III IV

3.3 40% 48% 15% 96%

Table6: Distributionof subjectivelabelsof clarifyingexpres-
sions(hotelsystem).

A B C
labelsfor all obtainedcandidates 102 60 9

labelsfor selectedcandidates 47 5 0

We settheweightsas �ADE�^¡ and � F �¢- afterexamining
variousvaluesin a preliminaryexperiment7.

4 Experimental Evaluation
4.1 Implementation into Existing Systems
We appliedour methodto the vocabulary of theKyoto City
Bus InformationSystem[Komataniet al., 2003]. The vo-
cabulary includesthenamesof busstops,busroutenumbers,
andnamesof famousplacesorpublicfacilitiesnearbusstops.
Thevocabularysizeis 1,574.

Table3 shows theaveragenumberof candidatespercon-
fusingpairandthepercentageof timesthatat leastonecandi-
datewasobtainedfromknowledgesources,whenourmethod
wasappliedto thevocabularyof thebussystem.Candidates
for clarifying expressionswerenot alwaysobtainedbecause
eachknowledgesourcemay not a word including different
charactersor phonesbetweenconfusingword pairs. The
methodusingthe phoneticcodecangeneratecandidatesfor
all wordsbecauseit focuseson phonesanddistinctive words
arepreparedfor all phonesin theJapanesephoneticcode.As
aresult,onaverage,3.9candidateswereobtainedperconfus-
ing pair from theknowledgesources.

Weevaluatedwhetherthegeneratedclarifyingexpressions
wereintelligible or not. We gave labelssubjectively for each
expression:from A (intelligible) to C (unintelligible). The
distributionsof thesubjectivelabelsfor candidateexpressions
andthoseof the selectedexpressionswith maximumscores
areshown in Table4. This table indicatesthat expressions
with bettersubjective labelsweremostlychosen.

We also appliedour methodto anothersystem: a hotel
searchsystem[Komataniet al., 2001]. The vocabulary in-
cludes865names:thoseof wider areasthanthebussystem
uses,facilitiesof hotels,etc. In thisdomain,candidateswere
generatedfrom eachknowledgesource,and3.3 weregener-
atedon averageasshown in Table5. Theselectionmodule
alsofunctionswell without modifications,asshown in Table
6.

4.2 Listening Experiment for Generated
Confirmations

We alsoevaluatedwhethergeneratedconfirmationsactually
improvedtheeasein hearingthedifferencebetweenphono-

7Althoughwe setthevaluesbasedon thebussystem’s vocabu-
lary, it workedwell in thehotelsystemdescribedlater.



Table7: Resultsof conventionalconfirmation.
Subject Correct Incorrect Cannotdiscern

A 21 0 34
B 38 8 9
C 23 1 31
D 25 0 30
E 32 0 23

Average 27.8(51%) 1.8(3%) 25.4(46%)

Table8: Resultsof confirmationusingclarifyingexpressions.
Subject Total Correct Incorrect Cannotdiscern

A 34 26 0 8
B 9 5 2 2
C 31 14 3 14
D 30 21 0 9
E 23 22 1 0

Average 25.4 17.6(69%) 1.2(5%) 6.6(26%)

logically confusingword pairs. Theprocedureof our exper-
iment is as follows. Here, we denoteeachphonologically
similarwordpairas�

�y�
� D and�

�y�
�*F . First,a userwasdis-

played�
�y�
�£D astext. Second,he/shelistenedto thefollow-

ing confirmationgeneratedby a TTS system,andanswered
“yes”, “no”, or “I cannottell”.

I amnot surewhetheryou said�
�y�
� D or �

�y�
��F .

Did you say¤ ?

where¤ waseither�
�y�
��D or �

�y�
� F , determinedat random.

Then, if his/heranswerwas“I cannottell”, he/shealso lis-
tenedto thefollowing confirmationgeneratedby a TTS sys-
tem,andansweredsimilarly:

I amnot surewhetheryou said�
�y�
�£D or �

�y�
� F .

(confirmationwith clarifying expressionsfor ¤ )

He/Shecouldlistento eachconfirmationup to threetimes.
Weaddedbackgroundnoiseto theTTSsound,becausewe

assumethat the systemwill be usedin noisy environments.
Thevolumeof noisewassetto equalthatof theTTS sound,
andwe usedbackgroundnoisesfrom shoppingmalls. Five
subjectslistenedto 55 confusingword pairs that had been
automaticallyextractedfrom thebusandhotelsystemvocab-
ularies.

The resultsof the first confirmationfor confusingword
pairs“Did you say ¤ ?” areshown in Table7. Almost half
thewordpairscouldnotbediscernedalthoughuserswereal-
lowedto listenupto threetimes.Wordpairsthatcouldnotbe
discernedin thefirst confirmationwereconfirmedagainus-
ing theclarifyingexpressions.Theresultsarein Table8 show
that69%of theword pairsthatcouldnot bediscernedin the
first confirmationbecamediscernibleusingtheconfirmations
with clarifying expressions.That is, our methodimproved
the intelligibility of confirmationsfor phonologicallysimi-
lar wordpairsthatcouldnotbediscernedusingconventional
confirmations.However, 26%of thewordpairsstill remained
unintelligibleaftertheconfirmationsusingclarifying expres-
sions.Oneof thereasonsfor this is thatthedistinctivewords
usedin theclarifyingexpressionssemanticallyhadnothingto
dowith thecontext andcouldnotbeexpectedby users.

5 Conclusion
We describeda methodof generatingclarifying expressions
to preventconfusionbetweenphonologicallyconfusingword
pairs in systemvocabularies. A framework of our method
can be appliedto variousdomainsbecauseconfusingpairs
areextractedautomaticallyandcandidatesfor clarifying ex-
pressionsareautomaticallygeneratedandselected.There-
fore, we cangenerateclarifying expressionswithout prepar-
ing themfor eachdomain. We experimentallyverified that
clarifying expressionscouldimprove listenerabilitiesto dis-
criminatebetweenphonologicallysimilarwords.

Becauseour target languagewas Japanese,we adopted
Chinesecharactersasunits andgeneratedclarifying expres-
sions to explain them. If appropriatemorphemescan be
definedfor otherlanguages,phonologicallyconfusingword
pairscan be distinguishedby preparingknowledgesources
includingthemorphemes.This would behelpful evenwhen
userscannotaccuratelyspellwords.

The intelligibility of clarifying expressionsalsodepends
onusercharacteristicsandthecontext. Thedistinctivewords
maybeunrelatedto thecontexts. Theintelligibility will im-
prove further if suchwords weremore familiar, which de-
pendson individual users.Confirmationsfor the remaining
31%of wordsthatcouldnot bediscernedin our experiment
wouldbemoreintelligible if clarifying expressionsweregen-
eratedadaptively for individualusers.
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