Generating Confirmation to Distinguish PhonologicallyConfusing Word Pairs
in Spoken Dialogue Systems

Kazunori Komatani  Ryoji Hamabe

TetsuyaOgata  Hir oshiG. Okuno

Graduateschoolof Informatics
Kyoto University
Yoshida-Hommachakyo, Kyoto 606-8501,Japan
komatani@i.loto-u.ac.jp

Abstract

Theintelligibility of responsei spolendialogue
systemss importantfor communicatinguccess-
fully, especiallywhenthe systemsare usedvia
cellular phonesin noisy ervironments. We con-
trive languagexpression®f systenresponset
avoid usersmisunderstandingsyhich mayoccur
whenword pairsin asystems vocahulary phono-
logically resembleeachother We designedand
developeda methodto automaticallyaddclarify-
ing expressionsvhen needed. Our methodcan
be appliedto variousdomainsbecausano hand-
written rulesare neededn new domains. It ex-
ploits multiple knowledgesourcesuchasdictio-
nariesto getdistinctvewordsascandidate$o use
in clarifying expressions.To selectthe bestone,
we introducea criterion: easan hearing.lt is de-
fined asthe weightedsum of the uniquenesof
the distinctive word and the differencebetween
the distinctive andoriginal words. We evaluated
our methodby applyingit to the vocalulariesof
two systems. An experimentwith five subjects
shavedthatour systemimprovedtheintelligibil-
ity of phonologicallysimilarwords.

1 Intr oduction

Becausef recenimprovementsn spolendialoguesystems,
we can accessinformation systemsverbally with cellular
phones[Komataniet al., 2003; Raux and Eskenazi,2004.
Sinceno specialnewv apparatuseare neededvhenthetele-
phoneis usedastheinterface,suchinformationservicesare
expectedo beusedby variouspeopleincludingtheelderly.

Communicatiorusingspeechnherentlyinvolvesrecogni-
tion errors. Phones particularly cellular phones often pick
up backgrounchoise,so speectcommunicatiormustbe ro-
bustin suchervironments.Thereforeyariousstudiessuchas
[HirschandPearce200d have focusedonimproving speech
recognitionaccurag in noisysituations.

In additionto speechrecognitionerrors,which correspond
to the systemmishearinghe user the possibility of the user
mishearingspeechshouldalso be considered.Although the
quality of text-to-speech(TTS) systemshasimproved, the

controlof intonationremainsa problem. Automaticallygen-
erating appropriateintonationsand accentsfor individual
propemounsds nearlyimpossible.Thereforetheexpressions
asystermusesshouldbeintelligible sothatthe usereasilyun-
derstandshem,especiallywhenTTS systemsareused.

We developeda methodof automaticallyaddingappropri-
ateexpressiongo systemresponsethatmakeshearingcon-
tentwordsincludingpropemounseasier We aimedto reduce
useramishearingandto improvethecertaintyof speecltom-
municationsgvenin noisysituations.

To clarify a confusingspelling,Englishspealersoftenuse
thephoneticcode e.g.,“A for alpha”,“B for boy”, and“C for
Charlie”. Becausave think thatthephoneticcodeis notintu-
itive enoughwe alsousedwordsor expressionghatexplain
largerunitsthanphonedo indicatedifferencedetweercon-
fusingwords. We usedmultiple knowledgesourcegdictio-
naries)to automaticallyobtaincandidatevordsto be added
to confirmationsasclarifying expressions.

Criteriaareneededo selectthe bestclarifying expression
amongcandidates.We definethe easein hearingthe clar
ifying expressionusingtwo criteria: the uniquenes®f the
clarifying expressiorandits differencefrom the original ex-
pression. By comparingweightedsumsof the two criteria
for eachcandidatethe bestclarifying expressions selected
and spolen to users. The candidatesare automaticallyex-
tractedfrom knowledgesourceghat aregenerallyused,and
the bestcandidatds automaticallyselected.This meanghat
our methoddoesnot dependon a specificdomain,soit can
beappliedto otherdomainswithout new generationules.

2 Designof SystemResponses$o Avoid User
Misunderstanding

2.1 Misunderstanding Causedby Phonologically
Similar Words

In communicationsising speechmedia, speechrecognition
errorscannotbe avoided. To successfulllcommunicateyser
mishearingof the system$ responsesnust be avoided, as
mustsystemrecognitionerrors. In particular errorsin com-
municatingcontentwords are fatal in spolen dialoguesys-
temsbecausesuchwords are usedaskeywordsfor queries.
To avoid sucherrors,mary systemsequireconfirmationof
contentwords[Hazenetal., 2004. The confirmation,how-
ever, may not be understoodvhenphonologicallyconfusing



S1.: Pleasedell meyour currentbusstop,destinationpr
specificbusroute.

U1: FromKinkaku-ji (€B=F) temple.

S2: Did yousay“from Kinkaku-ji (£ #=F) temple”?

U2: ??? (The usercannotdiscernwhetherthe system
saidKinkaku-ji or Ginkaku-ji)

Figurel: Exampledialoguefrom corventionalsystem.

S1: Pleasdell meyourcurrentbusstop,destinationpr
specificbusroute.

U1: FromKinkaku-ji (€:B=F) temple.

S2: | amnot surewhetheryou saidKinkaku-ji (=
) templeor Ginkaku-ji (#2F5F) temple.Doeswhat
you saidbegin with thecharactefkin ()", which
meangoldin English?

U2: Yes.

Figure2: Exampledialoguefrom our system.

wordsareused. In suchcaseshumanscandistinguishsuch
words by focusingon the confusingpart and adjustingthe

intonation,accentspeedgtc. For the systemsautomatically
giving propemounstheproperintonationandaccents nearly
impossible,just as non-natve spealers have difficulty pro-

nouncingunknovn propernounscorrectly Therefore,ntel-

ligible languagesxpression®f the confirmationsareneeded
aswell aspreciseT TS enginedo correctlytransmitthe sys-
temresponses.

Our goalwasto preventthe mishearingof contentwords
in spolendialoguesystemsWhenthe contentwordsin con-
firmationresponsearephonologicallyconfusingoursystem
automaticallyaddsexpressiongo clarify thewords. Thesys-
temautomaticallyextractsphonologicallysimilar word pairs
from the vocahulary andgenerateslarifying expressionsy
using multiple knowledge sources. Clarifying expressions
malke confirmationgntelligible, but mayalsomalke dialogues
lengthy Whatwordswill be addedto the clarifying expres-
sionscanbe controlledby settinga thresholdto the phonetic
distancebetweerconfusingwords.

An exampledialoguefrom acorventionalsystemis shavn
in Figure 1, and one from our systemis shavn in Figure
2. Becausephonologicallyconfusingwordsarein the sys-
tems’vocahulariessuchasKinkaku-jiand Ginkaku-ji which
are namesof temples,the confirmation“Did you say from
Kinkaku-jitemple?”in Figure1l may soundsimilar to “from
Ginkaku-jitemple”,especiallywhenthequality of the TTSis
low or is listenedto in a noisy ervironment. Therefore,our
systemgenerates confirmationthat containsan expression
thatclarifiesthedifferenceébetweerphonologicallyconfusing
words(e.g.,“Doeswhatyou saidbegin with thecharactekin
(42), whichmeangyold in English?”in Figure?2).

2.2 Generating Confirmation without Dependence
on Domains

Our goalis to generatehe kind of confirmationdescribedn
the previous subsectiorwithout dependencen ary specific
domain. Thatis, we do not manuallydescriberulesfor in-
dividual wordsin a system$ vocalulary, but exploit existing
knowledgesourcessuchasdictionaries. This enablesus to
automaticallyapply our methodto varioussystems.

Specifically our systenmextractsword pairsthatarephono-
logically similar from a systems$ vocahlulary. It alsoauto-
matically obtainscandidatedor clarifying expressiongrom
dictionariesto distinguishthe pairs. As a unit to explain
the differencebetweenconfusingpairs,we adoptedChinese
characters becausewe think a larger unit than a phoneis
moreintuitive. We exploit existing dictionariesthat explain
the unit, suchas a set of words consistingof several Chi-
nesecharactersa Japanese-Englistictionary a dictionary
describingreadingsof Chinesecharactersandthe Japanese
phoneticcod€. Noneof thesedictionarieswereconstructed
by handfor our systembut generallyused. The systemau-
tomaticallyselectghe bestcandidatesxpressiorbasednits
intelligibility . Thus,the clarifying expressionsaregenerated
automatically

2.3 Intelligibility of SystemResponses

We assumehattheintelligibility of systenresponsesonsists
of two factors:difficulty andeasdn hearing.

The difficulty indicates whether users understandthe
meaningnstantlyuponhearinganexpressionThereforethe
intelligibility of a systemresponsés improvedwhenan ex-
pressionwith low difficulty is used.We definethe difficulty
of an expressionby the difficulty 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 theresponsehangedhonologicallyfrom the
original confusingresponsdoy addingthe clarifying expres-
sion. We definetheformerastheuniquenesandthelatteras
thedifferenceof a clarifying expression.Theeasdn hearing
is definedby theweightedsumof thetwo criteria.

3 Generating Clarifying Expressiongor
Phonologically Similar Words

We describeourmethodfor generatinglarifying expressions
by obtainingdistinctive wordsfrom dictionaries.Confusing
word pairs are automaticallyextractedfrom the systemvo-
cahulary and are distinguishedusing the distinctive words.
Theproceduraes listedbelon anddepictedn Figure3.

1. We definethe phoneticdistancebetweentwo words.
By calculatingthe distancefor all the combinationsn

!Because&Chinesecharactersreideograms,apanespeopleof-
tentell the differencebetweernwo wordsusingthe meaningf the
characters.

*TheJapanesphoneticcodedescribegachlapanessyllable.
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Figure3: Flow to generateslarifying expressions.

the systems vocatulary®, phonologicallysimilar word
pairsareextracted.

2. Distinctive words that include different spelling or
phonedetweerthe phonologicallysimilar pair areob-
tainedfor eachpair from dictionaries. The wordsare
candidatesor usein clarifying expressions.

3. The bestcandidateamongthe distinctive wordsis se-
lected. An expressionof confirmationis generatedy
applyingthe candidateto templatesfor responsesen-
tences.

We describethe detailsof eachstepin the following sec-
tions.

3.1 Extracting Pairs of Phonologically Similar
Words from SystemVocakulary

We describeour methodof extractingphonologicallysimilar
word pairsfrom atargetsystem$vocahulary. First,we define
the phoneticdistancebetweenwords, which representhiow
phonologicallysimilartwo wordsare. Two wordsarephono-
logically similar, thatis, confusing,if they have morecom-
monphonemegndlessdifferentphonemeskurthermorein
Japanesdecausevordsarepronouncedy following a defi-
niterhythmcalledmora®, two wordshaving thesamenumber
of moraetendto beconfusing.
Consideringthesecharacteristicswe define a phonetic
distancep.d.(w,w"), betweenw andw’ asfollows:

N e.d.(w,w)
N (N P R A

where|w| denoteghe numberof phonemesn word w. The

3Although the costto computethe distancebetweenall word
pairsis high, it canbe donebeforehand.

4A mora usually consistof a consonantand a vowel. Since
Japanesis amora-timedanguagetherhythmof Japanesplacesa
beaton eachmorain words,whichis calledmoraisochronism.

Tablel1: Examplef phonologicallysimilarword pairs.
kyotofuritsumagyaklo (AR . & F1X)
(Kyoto prefecturalschoolfor theblind)
kyotofuritsurogakko (AR F 37 B 4%)
(Kyoto prefecturakchoolfor the deaf)
rakusaikoko mae (%5 78 =i B Al )

(In front of Rakusahigh school)
rakusuikoko mae(#s 7K FBERT)

(In front of Rakusuihigh school)
kinkaku-jimichi (ZFI=F18)

(Kinkaku-ji templeroad)

ginkaku-jimichi ($8B3F1E)
(Ginkaku-jitempleroad)

0.34

0.36

0.37

numeratoy e.d.(w, w’), denotesthe edit distancé between
the phonemesequences andw’. The edit distanceis cal-

culatedusing DP matching[Navarro, 2001]. In calculating
aneditdistancea costis introducedfor eachinsertion,dele-
tion, andsubstitutiorto reflectthemorastructure Here,C, is

asetof vowels,chokedsoundsandsyllabicnasalsandCs is

asetof consonantandsemi-vowels. If editedphonemedbe-

longto C, the costis doubledbecaus¢he numberof morae
is changed.

The systemextractsword pairswhosephoneticdistances
arelow asphonologicallysimilar words. Examplesof such
word pairsin the Kyoto City Bus Information Systemare
shavnin Tablel.

3.2 Obtaining Candidatesfor Clarifying
Expressions

We describehow to obtain distinctive words as candidates
for clarifying expressiongo distinguishphonologicallysim-
ilar word pairs,which wasdescribedn the previous section.
We focuson difference®f phoneor spellingdifferencede-
tweenthe pairs. The systemobtainsdistinctive words that
includethedifferentspellingor phonedrom multiple knowl-
edgesourcesWe usedfour theknowledgesourceslescribed
later.

First, the systemextracts characterswhich are Chinese
character$ere,or phoneghatarenotcommonbetweercon-
fusing word pairs. Hereafter the first characteror phone
extractedis denotedas <char > or <phone> 8. Their
positionsin confusingwords are denotedas <char Loc>
and<phoneloc> representedsingcommoncharactergor
phones)obeforethe difference. An exampleis shavn belon
for rakusaikoko mae(¥ 7 =15 H1T) andrakusuikoko mae(#
IR AEHT).

<char> =“@", “K”
<phone> ="sd, “su 2
<char Loc> = “after thecharacteraku (¥)” @
<phonelLoc> = “afterthephonegaku’

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

5The edit distanceof two strings, s1 and s2, is definedasthe
minimumnumberof mutationgto changes1 into s2, wherea muta-
tion is a substitutionjnsertion,or deletion.

5Phonesn Japaneseorrespondo the Japanessyllabary



Table2: Specification®f JC1.

difficulty | #words example

AT (low) 2,337 | KT (objection)

A2 2,618 | FZE (main)

B 4,892 | &% (admonition)

C 8,989 | #£¥ (hospitality)

F (high) | 16,239 #3#& (unconstitutionality)

A (sign), <& (Friday), 22X (air),
JKIEH (Wednesday)xf (objection)....

Figure4: Examplesf pairsof Chinesecharacters.

Chinesecharacter natve Japanesesadings

4} (out) soto,hazusuhoka
# (sound) oto,ne

7 (voice) koe, kowa

#t (read) yomu

Figure5: Examplesof Japanesesadingf Chinesecharac-
ters.

(or “at theend”).

The system obtains distinctive words from knowledge
sourcesas candidateghat containthe different spelling or
phones.We will describefour methodscorrespondingo the
knowledgesourcesused.

Method Using Words 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 specificationof JC1arelisted in Table2. We
usedwordshaving thelowestdifficulty to improvetheintelli-
gibility of expressionsThis dictionaryincludes2,337words
with the lowestdifficulty, part of which is shawvn in Figure
4. Thetemplateto generatexpression®f confirmationis as
follows:

“Doesthecharactexchar > in <ccpai r > fol-
low <char Loc>?"

Here,<ccpai r > denotesaword in thedictionary Inappro-
priatewordsareremoved from the candidatesfor example,
whenaword extractedfrom thedictionaryis apartof its orig-
inal confusingword pairs,etc.

Method Using Readingsof ChineseCharacters

We usedJapanesesadingsof Chinesecharactergo explain
confusingwords. We adoptedlapanesecadingdf thetarget
ChinesecharactehadotherJapanesesadings.Examplesof
the setof readingsare shawvn in Figure5. The templateto
generatelarifying expression®f confirmationis asfollows:

“Doesthe charactereadas<r eadi ng> follow
<char Loc>?"

Here,<r eadi ng> denotesanothereadingof thetargetChi-
nesecharacter

Chinesecharacter Englishtranslation

5] rain

H yellow
Vel stone
& bridge

Figure6: Examplesf translation®f Chinesecharacters.

phone descriptionwvord
sa sakua (cherryblossom)
shi  shimhun (newspaper)
fu fujisan  (Mt. Fuji)

Figure7: Partof Japanesphoneticcode.

Method Using English Translation of ChineseCharacters

We usedEnglish translationof a Chinesecharacterwhen

a single Chinesecharacterhad a meaningby itself. If a

Japanese-Engligfictionaryhasanindex entry that consists
of a single Chinesecharacter we assumethe entry hasa

meaningtself, andit is usedwith its Englishtranslation We

obtainedl48singleChinesecharacterandtheirtranslations,
afterlimiting themto thosewith thelowestdifficulty. Exam-

plesof the setof singleChinesecharacterandtheir transla-
tionsareshavn in Figure6. Thetemplateto generatexpres-
sionsof confirmationis asfollows:

“Does the character<char >, which means
<t r ans> in English,follow <char Loc>?"

Here,<t r ans> denotesatranslationof atargetcharacter

Method Basedon PhoneticCode

We alsousedthe Japanesphoneticcodeto explain phones
atthe beginningsof differencesA partof thetableis shavn
in Figure7. We useda word in thetableasa distinctive one
to explain a phone. The templateto generateexpressionf
confirmationis asfollows:

“Does the phone<phone> of <descwor d>
follow <phoneLoc>?"

Here,<descwor d> denotesa word describinga phonein
theJapanesphoneticcode.

3.3 SelectingBestCandidatesfor Clarifying
Expressions

We describehow to selectthe mostintelligible expressions
from candidates. As describedin Section2.3, intelligibil-
ity dependon both the difficulty of words andthe easein
hearing. To reducethe difficulty, we only usedwords hav-
ing the lowestdifficulty rankingswhenobtainingcandidates
from dictionariesasdescribedn the previoussection.
Theeasén hearings definedby theuniquenessf thedis-
tinctive word in the clarifying expressionandthe difference
betweerthe distinctive and original words. Here,we define
theuniquenessy;, andthedifferenced;, of distinctve word
W;.
The uniquenessy;, representhiow words are included
that are phonologicallysimilar to word w; in the systems



Table 3: Averagenumberof candidatesand percentagef times
thatatleastonecandidatevasobtainedrom sourcegbussystem).

average percentagef timescandidatevasobtained
# candidatey | I 11 \Y
3.9 44% | 46% | 13% 100%

I usingwordswith severalChinesecharacters
Il usingreadingof Chinesecharacters
Il usingtranslationof Chinesecharacters
IV usingphoneticcode

Table4: Distribution of subjectve labelsof clarifying expres-
sions(bussystem).

A B|] C
labelsfor all obtainedcandidates 113 | 102 | 13
labelsfor selecteccandidates 49 9] O

knowledgesourcessuchassetsof words consistingof sev-
eral Chinesecharactersa Japanese-Englistiictionary and
the Japanes@honeticcode. The userwill not confusethe
word with otherswhenfew similar wordsarein the knowl-
edgesources.

Theuniquenessy;, of word w; is definedasfollows:

L N
u; = N ;p.d.(wi,wk),

wherep.d.(w;, w;) denotesghe phoneticdistancedefinedin
Section3.1. Wordshaving the k smallestp.d.(w;, wy,) in all
knowledgesourcesaredenotedaswy. Thatis, u; is defined
astheaverageof the N smallesiphoneticdistance®f words.
Here,weset/N = 10.

The differencerepresentdow a distinctive word to be
usedin a clarifying expressiordiffers from the original one.
Theclarifying expressioris neededvhentheoriginal expres-
sionis phonologicallyconfusing. Therefore,it may still be
confusingif the distinctive word is similar to the original
one. Thedifferencerepresentshe intelligibility whenorig-
inal wordsarepresented.

Thedefinitionof thedifferencegd;, of distinctive word w;
is asfollows. Here,wjong andwsnor: denotethe wordswith
moreandlessphoneme®f theoriginalword, w, anddistinc-
tive word w;. Thenumberof phonemesf w;o,g andwsport
are N; and N,. The difference,d;, is definedasthe mini-
mum of the phoneticdistancebetweenws,,+ andall partial
phonemesequence® w;,,, Whoselengthsare V,:

d; = min  {p.d.(Wiong[k + 1 .. k + N, Wshort) },
.=0,..,N;— N
wherew(k .. k'] denotesa partialsequencén w4 fromthe
k-th phonemeo the k&’-th phoneme.

Usingthe abore two criteria,we assumehatthe morein-
telligible candidate®ave largervaluesof uniquenesanddif-
ference.We definea scorerepresentinghe intelligibility of
theclarifying expressiorincludingdistinctive word w; asthe
weightedsumof the uniquenesandthe difference.The sys-
temcompareshescoresandselectshecandidatehathasthe
largestone.

score(w;) = Wy - u; + Wa - d;

Table5: Averagenumberof candidateandpercentagef timesthat
atleastonecandidatevasobtainedrom sourceghotelsystem).

average percentagef timescandidatevasobtained
#candidatey | I 11 \Y
3.3 40% | 48% | 15% 96%

Table6: Distribution of subjectve labelsof clarifying expres-
sions(hotelsystem).

Al B[C
labelsfor all obtainedcandidateg 102 | 60 | 9
labelsfor selecteccandidates 471 5] 0

We settheweightsasWW; = 4 andW, = 1 afterexamining
variousvaluesin a preliminaryexperiment’.

4 Experimental Evaluation

4.1 Implementation into Existing Systems

We appliedour methodto the vocahulary of the Kyoto City
Bus Information System[Komataniet al., 2003. The vo-
cahulary includesthe namesof busstops busroutenumbers,
andnamef famougplacesor publicfacilitiesnearbusstops.
Thevocahlilarysizeis 1,574.

Table3 shaws the averagenumberof candidategpercon-
fusingpairandthepercentagef timesthatatleastonecandi-
datewasobtainedrom knowledgesourcesywhenourmethod
wasappliedto the vocalulary of the bus system.Candidates
for clarifying expressionsvere not alwaysobtainedbecause
eachknowledgesourcemay not a word including different
charactersor phonesbetweenconfusingword pairs. The
methodusingthe phoneticcodecangeneratecandidatesor
all wordsbecausét focuseson phonesanddistinctive words
arepreparedor all phonesn theJapanesphoneticcode.As
aresult,onaverage 3.9 candidatesvereobtainedperconfus-
ing pairfrom theknowledgesources.

We evaluatedvhethertthegeneratedlarifying expressions
wereintelligible or not. We gave labelssubjectvely for each
expression:from A (intelligible) to C (unintelligible). The
distributionsof thesubjectve labelsfor candidatexpressions
andthoseof the selectedexpressionsvith maximumscores
areshawvn in Table4. This tableindicatesthat expressions
with bettersubjectve labelsweremostlychosen.

We also applied our methodto anothersystem: a hotel
searchsystem[Komataniet al., 2001]. The vocahulary in-
cludes865 names:thoseof wider areasthanthe bus system
usesfacilitiesof hotels,etc. In thisdomain,candidatesvere
generatedrom eachknowledgesource and3.3 weregener
atedon averageasshowvn in Table5. The selectionmodule
alsofunctionswell without modificationsasshownn in Table
6.

4.2 Listening Experiment for Generated
Confirmations

We alsoevaluatedwhethergeneratedonfirmationsactually
improvedthe easen hearingthe differencebetweerphono-

Although we setthe valuesbasedon the bus systems vocalu-
lary, it workedwell in the hotelsystemdescribedater.



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: Resultof confirmationusingclarifying expressions.

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. The procedureof our exper
iment is asfollows. Here, we denoteeachphonologically
similarword pairasword; andwords. First,auserwasdis-
playedword; astext. Secondhe/shdistenedto thefollow-
ing confirmationgeneratedy a TTS system,andanswered

LIS

“yes”, “no”, or“l cannotell”.

| amnot surewhetheryou saidword; or words.
Did yousay X ?

whereX waseitherword, or words, determinechtrandom.
Then,if his/heranswerwas“l cannottell”, he/shealsolis-
tenedto thefollowing confirmationgeneratedyy a TTS sys-
tem,andansweredimilarly:

| amnot surewhetheryou saidword; or words.
(confirmationwith clarifying expressiondor X)

He/Shecouldlistento eachconfirmationup to threetimes.

We addedbackgrounadhoiseto the TTS sound becauseve
assumehat the systemwill be usedin noisy ervironments.
Thevolumeof noisewassetto equalthatof the TTS sound,
andwe usedbackgroundhoisesfrom shoppingmalls. Five
subjectslistenedto 55 confusingword pairs that had been
automaticallyextractedfrom thebusandhotelsystenmvocab-
ularies.

The resultsof the first confirmationfor confusingword
pairs“Did you say X?" areshavn in Table7. Almost half
theword pairscouldnot bediscernedlthoughuserswereal-
lowedto listenupto threetimes.Word pairsthatcouldnotbe
discernedn thefirst confirmationwere confirmedagainus-
ing theclarifying expressionsTheresultsarein Table8 shav
that69% of the word pairsthatcouldnot be discernedn the
first confirmationbecamaediscernibleusingthe confirmations
with clarifying expressions.Thatis, our methodimproved
the intelligibility of confirmationsfor phonologicallysimi-
lar word pairsthatcould notbediscernedisingcorventional
confirmationsHowever, 26%of theword pairsstill remained
unintelligible afterthe confirmationausingclarifying expres-
sions.Oneof thereasondor thisis thatthe distinctive words
usedn theclarifying expressionsemanticalljnadnothingto
dowith the context andcouldnotbe expectedby users.

5 Conclusion

We describeda methodof generatingclarifying expressions
to preventconfusionbetweerphonologicallyconfusingword
pairsin systemvocahularies. A framewvork of our method
canbe appliedto variousdomainsbecauseconfusingpairs
areextractedautomaticallyand candidatedor clarifying ex-
pressionsare automaticallygeneratedand selected. There-
fore, we cangenerateclarifying expressionsithout prepar
ing themfor eachdomain. We experimentallyverified that
clarifying expressionsouldimprove listenerabilitiesto dis-
criminatebetweerphonologicallysimilarwords.

Becauseour target languagewas Japanesewe adopted
Chinesecharacter@asunits andgeneratedlarifying expres-
sionsto explain them. If appropriatemorphemescan be
definedfor otherlanguagesphonologicallyconfusingword
pairs can be distinguishedby preparingknowledgesources
includingthe morphemesThis would be helpful evenwhen
userscannotaccuratelyspellwords.

The intelligibility of clarifying expressionsalso depends
onusercharacteristicandthe contect. Thedistinctive words
may be unrelatedo the contets. Theintelligibility will im-
prove further if suchwordswere more familiar, which de-
pendson individual users. Confirmationsfor the remaining
31% of wordsthat could not be discernedn our experiment
wouldbemoreintelligibleif clarifying expressionsveregen-
eratedadaptvely for individual users.
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