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Abstract

This paperproposesa new framework for
a spokendialoguesystembasedon dia-
logue examplesbetweenhumansubjects
andtheWizardof OZ (WOZ) system.Us-
ing this framework anda modelof infor-
mation retrieval dialogue,a spokendia-
loguesystemfor retrieving shopinforma-
tion while driving in a car hasbeende-
signed.Thesystemrefersto thedialogue
examplesto �nd an examplethat is suit-
ablefor generatingaqueryor a reply. The
authorshavealsoconstructedalarge-scale
dialoguedatabaseusing a WOZ system,
which enablesef�cient collection of dia-
logueexamples.

1 Intr oduction

Againstthebackgroundof ever-increasingcomput-
ing power, techniquesfor constructingspokendi-
alogue systemsusing large-scalespeechand text
corporahave becomethe target of much research
(Levin et al., 1998; Young, 2002). In prior re-
search,theauthorshaveproposedaspoken-dialogue
control techniqueusingdialogueexampleswith the
aim of performing �e xible dialogue control dur-
ing information-retrieval dialogueandof achieving
speechunderstandingrobust againstspeechrecog-
nition errors(Murao et al., 2001). This technique
usesinput speechdataandsupplementaryinforma-
tion correspondingto input speechsuchasretrieval
formulas(queries)to form ”examples”that decide

systemaction. A systemusingthis techniquecan-
not runeffectively, however, withouta largevolume
of exampledata. Traditionally, though,collecting
human-to-humandialoguedataand manuallypro-
viding suchsupplementaryinformationfor eachin-
stanceof input speechhasrequiredconsiderablela-
bor.

In this paper, we addressthis problemandpro-
posea new techniquefor constructingan example-
baseddialoguesystemusing,asexampledata,the
dialogueperformedbetweena humansubjectanda
pseudo-spoken-dialoguesystembasedon the Wiz-
ard of OZ (WOZ) scheme. We also describea
speci�c spokendialoguesystemfor informationre-
trieval thatweconstructedusingthis technique.

2 DialogueProcessingBasedon Examples

We �rst provide anoverview of example-baseddia-
logueprocessingthatwe previously proposed(Mu-
raoet al.,2001).

2.1 Model of information retrieval dialogue

Given a scenario in which a human operator
searchesan informationdatabaseandreturnsinfor-
mation to a user, dialog betweenthe operatorand
usercanbe modeledasshown in Fig. 1. The ele-
mentsof thismodelaredescribedbelow.

1. Request The usertells the operatorthe con-
tentsof aninquiry anddemandsreference.

2. Retrieval Theoperatorreceiving theuser's re-
questgeneratesa query after referencingdo-
main knowledgeandcurrentdialoguecontext
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andthenprocessesthequeryindirectly by ma-
nipulating a searchtool such as an ordinary
computer.

3. Search results The search tool generates
searchresults.

4. Reply Theoperatorreturnsa reply to theuser
basedon searchresultsanddialoguecontext.

Setting up information �o w in this way allows
us to view operatorbehavior in the following way.
Speci�cally, theoperatorin Fig. 1 makestwo deci-
sionsin theprocessof advancingdialog.

Decision1: Generatea queryafterlisteningto user
speech

Decision2: Generatea reply after receiving search
results

Here, an experiencedoperatorwould use more
than just the super�cial informationobtainedfrom
user speech. To generatea query or reply that
best suits the user's needat that time, the opera-
tor would alsomakeuseof domainknowledge,di-
aloguecontext, and the searchresultsthemselves.
In otherwords,this kind of dialogueprocessingcan
beviewedasa mappingoperationfrom input infor-
mationsuchasuserspeechanddomainknowledge
to output informationsuchasa query. With this in
mind, we consideredwhethera ”decision” to guide
suchdialoguecouldbeautomaticallyperformedby
referringto actualexamplesof behavior manifested
by anexperiencedhumanoperator. In short,we de-
cidedto storea largevolumeof dialogueexamples,

i.e., mappinginformation,andto determineoutput
informationfor certaininput informationon theba-
sis of mapping information storedin similar dia-
logueexamples.

2.2 Generationof queriesand repliesbasedon
examples

2.2.1 Structure of exampledata

Thetwo ”decisions”performedduringthetimeof
informationretrieval dialoguebetweentheuserand
operatorcanbeexpressedasamappingbetweenthe
following input andoutputinformation.

� Input/output information in the decision for
generatinga query:

Input Userspeechanddialoguecontext
Output Query

� Input/output information in the decision for
generatinga reply:

Input Userspeech,dialoguecontext, and
searchresults
Output Reply

It is thereforesuf�cient to save thoseitems that
cover suchinput and output information. Speci�-
cally, a large numberof exampledatacan be col-
lectedusingthe following informationaselements
to constructanexampledatabase.

1. Text of userspeech

2. Query

3. Replytext

4. Searchresults

5. Dialoguecontext (pastspeech,groundingin-
formation,conversationalobjects, etc.)

The following describestheprocedurefor gener-
ating a queryor reply with respectto input speech
by referencinganexampledatabase.

2.2.2 Query generationprocess

From among the examples in the example
database,the systemextracts the one most similar
to the input speechandthe dialoguecontext at that
time. It thenadjuststhequeryin thatexampleto �t
theinput speechandgeneratesanew query.



2.2.3 Reply generationprocess

The systemperformsa searchbasedon the gen-
eratedqueryandreceivessearchresults.It thenex-
tractsthe most similar example from the example
databasewith respectto input speech,the dialogue
context at that time, andthesearchresults.Finally,
thesystemadjuststhereply in thatexampleto �t the
currentconditionsandgeneratesanew reply.

2.3 Problempoints

Operating a dialogue system basedon dialogue
examplesrequiresthe constructionof an example
databaseasdescribedabove. Constructinga large-
scaleexampledatabase,moreover, requiresa large
volumeof dialoguetext in which supplementaryin-
formation such as queriesand searchresultshas
beenprovidedwith respectto input speech.

Up to now, we have beenconstructingan exam-
ple databaseby �rst collectinghuman-to-humandi-
alogueand converting speechto text and then as-
signingqueries,searchresults,andthe like to each
instanceof input speech.This,however, is a labori-
ousprocess.In addition,exampledataconstructed
on thebasisof human-to-humandialoguedatamay
have featuresdifferent from those of human-to-
dialogue-systemdialoguedata. In otherwords,we
cannotcall the above approachan optimal method
for constructingexampledata.

3 Construction of an ExampleDatabase
using the WOZ System

We proposethe Wizard of OZ (WOZ) systemas
one meansof ef�ciently collecting dialoguedata
thatincludessupplementaryinformationattachedto
speech.Carryingon a dialogueusingWOZ makes
it possible to collect the information neededfor
constructingan exampledatabasewhile collecting
speechdata.

3.1 WOZ system

Whencarrying on a dialogueusing the WOZ sys-
tem,theuserfeelsthatheor sheis talking to a com-
pletelymechanicalsystemdespitethefact thatahu-
man being is actually being usedfor someof the
elementsmakingup the dialoguesystem. Collect-
ing dialoguedataby WOZ shouldthereforeresultin
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Figure2: Con�gurationof Wizardof OZ system

datathat is closerto dialoguethat would occurbe-
tweenahumanandamachine.

Collectingspokendialoguedatausing the WOZ
systemhas actually beenperformeda numberof
timesin the past(MADCOW, 1992;Bertenstamet
al., 1995; Life et al., 1996; Eskenaziet al., 1999;
San-Segundoetal.,2001;LemmelaandBoda,2002;
Yoma et al., 2002). The objective of thosestud-
ies, however, was to collect, analyze,andevaluate
dialoguedatabetweenpeopleandarti�cial objects,
andin many cases,only oneof thearti�cial-object's
functionswastakenover by a human,for example,
thespeechrecognitionfunction.

Our study, however, goesfurther thantheabove.
In particular, we create special software (called
WOZ software)that allows a humanbeing to per-
form the functionsof interpretinguserspeech,gen-
eratingqueriesandexecutingsearches,andgenerat-
ing replies. We thenproposea framework that en-
ablesthe operator(wizard) to carry on a dialogue
with theuserwhile operatingthis WOZ softwareso
that obtaineddatacanbe usedlater to perform di-
rect control of a dialoguesystem. Speci�cally, we
con�gure a pseudo-spoken-dialoguesystem(WOZ)
consistingof WOZ softwareandan operator, hold
information retrieval dialoguebetweenthis system
andhumansubjects,andsave thequeries,searchre-
sultsandreply statementsgeneratedat this time as
log information. We thenusethis log information
and text-convertedspeechto constructan example
databasethatcanbeusedfor dialoguecontrol.

3.2 Systemcon�guration

Figure2 showstheentirecon�gurationof theWOZ
systemthat we constructed. In this con�guration,
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the WOZ software, which was createdusing the
C++ language,runson a personalcomputerunder
Windows2000. It consistsof a screenfor generat-
ing queries(querypart)anda screenfor generating
replies(reply part). Figures3 and4 show sample
screensof theseparts. This GUI adoptsa touch-
panelsystemto facilitateoperations— an operator
only hasto toucha button on oneof thesescreens
to generatea query, searchaninformationdatabase,
generatea reply, or outputsynthesizedspeech.

WOZ softwaremust featurehigh operability to
achieve naturaldialoguebetweenthe WOZ system
anda humanuser. WhendesigningWOZ software
on the basisof a human-to-humandialoguecorpus

thatwe previously collected,we usedthefollowing
techniquesto enablethe systemto operatein real
timewhile carryingon a dialoguewith theuser.

First, the querypart arrangeskeywordsin a tree
structureby searchtype so that appropriatekey-
wordscanbeselectedata touchto generatea query
andretrieve informationquickly 1 . Searchresults
aredisplayedat thebottomof thescreenin list form.

Second,thereply partdisplaystext-input buttons
for generatingreplies and a list of searchresults.
Thetext-inputbuttonscorrespondto words,phrases,
andshort standardsentences,andpushingthemin

1Queriesthatdealwith context in regardto inputspeechare
currentlynot de®nedfor thesakeof simplicity in softwareop-
eration.



�n Hungry, but not enough time.

�n You want to eat Chineese noodle.

�n Search Japanese food restaurant.

Figure5: Examplesof promptingpanels

an appropriateordergeneratesa reply in text form.
The arrangementof thesetext-input buttonson the
screenis basedon connectionfrequency between
text elements(reply-statementbigram)aspreviously
determinedfrom thehuman-to-humandialoguecor-
pus mentionedabove. In other words, eachtext-
input buttonrepresentsa text entryhaving thehigh-
estfrequency of following theimmediatelyprevious
text entryto theleft, whichmakesfor quick genera-
tion of a reply. Furthermore,to enablequick input,
thesectionof thescreendisplayingthesearchresults
hasbeendesignedso that thenameportionof each
resultcanbetoucheddirectly andautomaticallyin-
cludedin thereply. Thegeneratedreply in text form
is �nally outputin voiceform via thespeechsynthe-
sissectionof thesystem.

Switchingbackandforth betweenthe queryand
reply parts can be performedas neededusing a
switch button. The reply part also includesbut-
tonsfor instantlygeneratingwordsandshortphrases
of con�rmation andencouragement(e.g., ”yes,” ”I
see”)while theuseris speakingto createasnatural
a dialogueaspossible.

3.3 Collecting dialoguedata by the WOZ
system

We targetedshop-informationretrieval while driv-
ing a car as an information-retrieval application
basedon spokendialogue,and collecteddialogue
databetweentheWOZ systemandhumansubjects
(Kawaguchiet al., 2002). This datawascollected
within an automobiledriven by subjectseach of
whomactedasa usersearchingfor information. A
personalcomputerrunning the WOZ softwarewas
placedin the automobilewith the ”wizard” sitting
in thebackseat.All spokendialoguewasrecorded
usinganotherpersonalcomputer.

Data collection was performedaccordingto the
followingprocedurefor adurationof about� vemin-

Table1: CollectedWOZ data

Numberof
Speechlength

SpeechUnits
sessions

(min.)
User WOZ User WOZ

487 499 791 13,828 12,487

utespersubject.

� A promptingpanelsuchasshown in Fig. 5 is
presentedto thesubject.

� The subjectconversesfreely with WOZ based
on thepromptingpanelshown.

The wizard operatesthe WOZ systemwhile lis-
teningto thesubject,that is, thewizardperformsan
appropriatesearchandreturnsa reply usingspeech
synthesis2 .

Table1 showsthescaleof collecteddata.

3.4 Constructing an exampledatabaseusing
WOZ log information

WOZ softwarewasdesignedto outputdetailedlog
information. This information consistsmainly of
thefollowing items.All log informationis recorded
with timestamps.

� SpeakerID (inputby thewizardwheninitiating
adialogue)

� Querygeneratedfor the input speechin ques-
tion

� Searchresultsreturnedfor thegeneratedquery
(numberof hits andshopIDs)

� Text of reply generatedby the operator(wiz-
ard)

A savedWOZ log canbeusedto ef�ciently con-
structan exampledatabaseby the following proce-
dure.To begin with, a written recordof userspeech
is madebasedon thevoicerecordingof spokendi-
alog with time informationadded. Next, basedon

2Thewizardgeneratesqueries,performssearches,andgen-
eratesrepliesto theextentpossiblefor speechto which de®ned
queriescanbeapplied.If a querycannotbegenerated,thewiz-
ard will not keeptrying andwill generateonly an appropriate
response.
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Table 2: Con�guration of constructedexample
database

Numberof Numberof
sessions examples

243 1,206

thetime informationin thelog outputby WOZ soft-
ware,a correspondenceis establishedbetweenuser
speechandqueriesandbetweensearchresultsand
replies.

We constructedanexampledatabaseusinga por-
tion of dialoguedatacollectedin theabove manner.
Table2 summarizesthedatausedfor thispurpose.

Queryandsearch-resultcorrespondenceswerees-
tablishedfor about20%of all userspeechexcluding
speechoutsideof the task in questionand speech
outsideof queryspeci�cations.

4 SpokenDialogueSystemusingDialogue
Examples

We heredescribea dialoguesystemthat runsusing
theexampledatabasethatweconstructed(see(Mu-
raoetal.,2001)for details).Thetaskis to searchfor
shopinformationwhile insidean automobile.This
systemwas implementedusing the C++ language
underWindows2000.Figure6 shows a screenshot
of thisexample-baseddialoguesystem.

4.1 Systemcon�guration

Thefollowing describesthecomponentsof this sys-
temwith referenceto Fig. 7.

Dialogueexampledatabase(DEDB): Consistsof
dataconstructedfrom dialoguetext andlog in-
formation output from WOZ software. Dia-
loguetext is subjectedto morphologicalanal-
ysis3, andwordsessentialto advancingthedi-
alogue(e.g., shop name,facility name, food
name)are assignedword classtagsbasedon
classesgiven to thesewords beforehandac-
cordingto meaning.

Word ClassDatabase(WCDB): Consists of
words essentialto the task in questionand
classesgiven to them accordingto meaning.
Wordclassesaredeterminedempiricallybased
on dialoguewithin thedialoguecorpus.

ShopInf ormation Database(SIDB): Consists of
acollectionof informationonabout800restau-
rantsand shopsin Nagoya,the sameas that
usedin theWOZ system.

SpeechRecognition: Uses “Japanese Dictation
Toolkit(Kawaharaet al., 2000)”. The lan-
guagemodelwascreatedfrom the previously
collectedhuman-to-humandialoguecorpus.

3Using ChaSenmorphological-analysissoftware for the
Japaneselanguage(AsaharaandMatsumoto,2000).
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Query Generation: Extractsfrom the DEDB the
example closestto current input speechand
conditions,modi�es thequeryin thatexample
accordingto currentconditions,andoutputsthe
result.

Search execution: Accessesthe SIDB using the
generatedqueryandobtainssearchresults.

Reply Generation: Extracts from the DEDB the
exampleclosestto input speechandsearchre-
sults, modi�es the reply in that example ac-
cordingto currentconditions,andoutputsthe
result.

SpeechSynthesis: Outputs replies in voice form
using a JapaneseTTS (Text To Speech)soft-
ware“EleganTalk Ver. 2.1” by Sanyo Electric
Co.,Ltd. .

4.2 Operation

The following describessystemoperation(seeFig.
8 for a speci�c operationexample).

Step1: Extracting similar examplefor query
For a speechrecognition result, the system
extracts the most similar example from the
DEDB. The robustnessof the similarity cal-
culation betweenthe input utteranceand the
utterancein the DEDB shouldbe considered
againstthespeechrecognitionerror. Therefore,
a keyword matchingmethodusing the word
class information is adopted. For a speech
recognitionresultcombinedwith amorpholog-
ical analysisresult,independentwordsandthe

Input:   Etto, spaghetti no omise ni ikitai na.
            (I'd like to go to a spaghetti restaurant.)

Keywords: [10: spaghetti],[omise (shop)],[iku (go)]

 1st:  U: <10:Curry> no [omise] ni [iki]tain desu kedo            
(I'd like to go to a curry restaurant. )

         Q: search KEY=<10:curry>
 2nd: U: <10: Ramen(noodles)> wo <tabe> ni [iki] taina        

(I'd like to eat noodles.)
         Q: search KEY=<10:ramen>
 3rd: U: [10: Spaghetti] de <yu-mei> na <tokoro> ga iidesu 
            ( I prefer a popular resutaurant for spaghetti.)
         Q: search KEY=<10:spaghetti>

Step1: Extracting similar example for query

Step2: Query Modification
Query in the similar case:      search KEY=<10:curry>
   Matched keywords pair:       ( <10:curry> , <10:spaghetti> )
                 Output Query:      search KEY=<10:spaghetti>

Step3: Search
  Iutput Query:      search KEY=<10:spaghetti>
 Search Result:     RESULT=NONE

Input:   Etto, spaghetti no omise ni ikitai na.
(I'd like to go to a spaghetti restaurant.)

Keywords: [10: spaghetti],[omise (shop)],[iku (go)]

1st:   U:<10: Ramen(noodles)> wo <tabe> ni [iki] taina 
(I'd like to eat noodles.)

        Q: search KEY=<10:ramen>
        S:<10:Ramen(noodles)> no [omise] wa chikaku ni arimasen 
              ( There are no noodle restaurants near here.)
        A: RESULT=NONE
2nd:  U:<10:Curry> no [omise] ni [iki]tain desu kedo   

(I'd like to go to a curry restaurant. )
        Q: search KEY=<10:curry>
        S:Hai, Curry no omise wa 5-ken arimasu           
             (Well, I found 5 curry restaurants.)
        A: RESULT=5, ID1=120,..,ID5=565

Step4: Extracting similar example for reply

 Search Result:     RESULT=NONE

Similar cases

{Similar cases

Step5: Reply Modification
     Reply in the similar case:  
                   <10:Ramen(noodles)> no [omise] wa chikaku ni arimasen 
                       ( There are no noodle restaurants near here.)
       Matched keywords pair:  

                  ( <10:Ramen(noodles)> , <10:spaghetti> )
                      Output Reply:  
                  <10:spaghetti> no [omise] wa chikaku ni arimasen
                       ( There are no spaghetti restaurants near here.)

Figure8: Exampleof queryandreply generation

importantwords to which the word classtags
are assignedaccordingto the information in
the WCDB areregardedasthe keywords,and
their similarity is calculatedas follows. For
eachtranscriptionof a user's utterancesin the
DEDB, the numberof matchedwordsandthe
numberof important words which belong to
the sameword classareaccumulatedwith the
correspondentweight and the result is treated
as the similarity. The utterancewhich marks
the highestsimilarity is regardedas the most
similar one.

Step2: Query Modi�cation The query for the ex-
tractedexampleis modi�ed with referenceto



the input utterance. The modi�cation is per-
formedby replacingthekeywordsin therefer-
encequeryusingword classinformation.

Step3: Search TheSIDB is searchedby usingthe
modi�ed queryandasearchresultis obtained.

Step4: Extracting similar examplefor reply
The systemextractsthe mostsimilar example
from theDEDB, by takingaccountof not only
the similarity betweenthe input utteranceand
theutterancein examplesbut alsothatbetween
the numberof items in the searchresult and
that in the examples. Here, a total similarity
scoreis computedby performing a weighted
summationof two values: the utterancesim-
ilarity scoreand the search-resultssimilarity
score obtained from the difference between
the number of searchresults in an example
andthatobtainedin Step3. Thesearch-results
similarity scoreis computedasfollows.

When the number of search resultsby mod-
i�ed query is 0: Give the highestscoreto
examplesin theexampledatabasewith 0 num-
berof searchresultsandthelowestscoreto all
otherexamples.

When the number of search resultsby mod-
i�ed query is 1 or more: Give the high-
estscoreto examplesin the exampledatabase
with thesamenumberof searchresultsandan
increasinglylower scoreas differencein the
numberof searchresultsbecomeslarger (use
heuristics).

For example,if notevenonesearchresultcould
beobtainedby themodi�ed query, examplesin
theexampledatabasewith not evenonesearch
resultconstitutea match.

Step5: Reply Modi�cation The reply statement
for theextractedexampleis modi�ed with ref-
erenceto theinput utterance.Themodi�cation
is performedby replacingthewordsin theref-
erencereply statementby usingword classin-
formation. Thena speechsynthesismoduleis
usedto producea replyspeech.

4.3 Adding, modi�cation, and deletionof
exampledata

This systemallows exampledatato beadded,mod-
i�ed, anddeleted. Whena failed operationoccurs
while carryingon a dialogue,for example,buttons
locatedat the bottomof the screencanbe usedto
modify existing exampledata,add new examples,
anddeleteunnecessaryexamples.

5 Conclusion

This paperhasproposedan ef�cient techniquefor
collecting example data using the Wizard of OZ
(WOZ) systemfor thepurposeof guidingspokendi-
alogueusingdialogueexamples.This techniquehas
thefollowing effects.

� Knowledge buried in the WOZ system log
(conversionsfrom input speechto query and
reply, etc.) can be usedas dialoguesystem
knowledge.

� Becausedialogueis collectedusing the WOZ
system,the examplesso collectedarecloseto
dialoguethat would occur in an environment
with anactualdialoguesystem.In otherwords,
dialogueexamplescanbecollectedundercon-
ditionscloseto human-to-machinedialogue.

� The labor involved in recordingspeechneces-
sary for constructionof an example database
canbereduced.

In future research,we plan to evaluatedialogue-
processingperformanceandcontext processingus-
ing exampledatabasesconstructedwith the WOZ
system.
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