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Abstract

This paperproposes hew framework for

a spokendialogue systembasedon dia-

logue examplesbetweenhumansubjects
andtheWizardof OZ (WOZ) system.Us-

ing this framavork anda model of infor-

mation retrieval dialogue,a spokendia-

loguesystemfor retrieving shopinforma-

tion while driving in a car hasbeende-

signed. The systemrefersto the dialogue
examplesto nd anexamplethatis suit-

ablefor generatingaqueryor areply. The

authorshave alsoconstructelarge-scale
dialoguedatabaseausing a WOZ system,
which enablesefcient collection of dia-

logueexamples.

1 Intr oduction

Againstthe backgroundf everincreasingcomput-
ing power, techniquesfor constructingspokendi-
alogue systemsusing large-scalespeechand text
corporahave becomethe target of much research
(Levin et al., 1998; Young, 2002). In prior re-

systemaction. A systemusingthis techniquecan-
notrun effectively, however, without alarge volume
of exampledata. Traditionally, though, collecting
human-to-humardialoguedata and manually pro-
viding suchsupplementarynformationfor eachin-
stanceof input speecthasrequiredconsiderablda-
bor.

In this paper we addresshis problemand pro-
posea hew techniguefor constructingan example-
baseddialoguesystemusing, as exampledata,the
dialogueperformedbetweerna humansubjectanda
pseudo-spoken-diafpue systembasedon the Wiz-
ard of OZ (WOZ) scheme. We also describea
speci ¢ spokendialoguesystemfor informationre-
trieval thatwe constructedisingthis technigue.

2 DialogueProcessingBasedon Examples

We rst provide anovervien of example-basedia-
logue processinghatwe previously proposed Mu-
raoetal.,2001).

2.1 Model of information retrieval dialogue

Given a scenario in which a human operator
searchesninformation databasendreturnsinfor-
mationto a user dialog betweenthe operatorand

searchtheauthorshave proposedspoken-dialogue ;sercanbe modeledasshavn in Fig. 1. The ele-

controltechniqueusingdialogueexampleswith the
aim of performing e xible dialogue control dur-
ing information-retrizral dialogueand of achieving
speechunderstandingobust againstspeechrecog-
nition errors(Murao et al., 2001). This technique
usesinput speechdataandsupplementarynforma-
tion correspondingdo input speectsuchasretrieval
formulas (queries)to form "examples”that decide

mentsof this modelaredescribedelow.

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

2. Retrieval Theoperatoreceving theusersre-
guestgeneratesa query after referencingdo-
main knowledgeand currentdialoguecontext
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Figurel: Information o w of informationretrieval
dialogue

andthenprocessethe queryindirectly by ma-
nipulating a searchtool such as an ordinary
computer

3. Searcch results The searchtool generates
searclresults.

4. Reply Theoperatoreturnsa reply to the user
basedn searchresultsanddialoguecontet.

Setting up information o w in this way allows
us to view operatorbehaior in the following way.
Speci cally, the operatorin Fig. 1 makestwo deci-
sionsin the procesof advancingdialog.

Decisionl: Generatea queryafterlisteningto user
speech

Decision2: Generatea reply afterreceving search
results

Here, an experiencedoperatorwould use more
thanjust the super cial information obtainedfrom
user speech. To generatea query or reply that
best suits the users needat that time, the opera-
tor would also makeuseof domainknowledge,di-
aloguecontet, and the searchresultsthemseles.
In otherwords,this kind of dialogueprocessingan
be viewed asa mappingoperationfrom inputinfor-
mationsuchasuserspeechanddomainknowledge
to outputinformationsuchasa query With thisin
mind, we consideredvhethera "decision” to guide
suchdialoguecould be automaticallyperformedby
referringto actualexamplesof behaior manifested
by anexperiencechumanoperator In short,we de-
cidedto storea large volumeof dialogueexamples,

i.e., mappinginformation,andto determineoutput
informationfor certaininput informationon the ba-
sis of mappinginformation storedin similar dia-
logueexamples.

2.2 Generationof queriesand repliesbasedon
examples

2.2.1 Structure of exampledata

Thetwo "decisions”performedduringthetime of
informationretrieval dialoguebetweerthe userand
operatorcanbe expressedisa mappingbetweerthe
following input andoutputinformation.

Input/output information in the decision for
generatingaquery:

Input Userspeechanddialoguecontext
Output Query

Input/output information in the decision for
generatingreply:

Input Userspeechdialoguecontext, and
searchresults

Output Reply

It is thereforesufcient to save thoseitemsthat
cover suchinput and outputinformation. Speci -
cally, a large numberof example datacan be col-
lectedusing the following information as elements
to constructanexampledatabase.

1. Text of userspeech
2. Query

3. Replytext

4. Searclresults
5

. Dialogue contet (pastspeech,groundingin-
formation,conversationabbjects, etc.)

Thefollowing describeshe procedurdor gener
ating a query or reply with respectto input speech
by referencinganexampledatabase.

2.2.2 Query generationprocess

From among the examples in the example
databasethe systemextractsthe one mostsimilar
to the input speechandthe dialoguecontext at that
time. It thenadjuststhe queryin thatexampleto t
theinput speecrandgenerates new query



2.2.3 Reply generationprocess

The systemperformsa searchbasedon the gen-
eratedqueryandrecevessearchresults. It thenex-
tractsthe most similar example from the example
databaseavith respecto input speechthe dialogue
contet at thattime, andthe searchresults. Finally,
thesystemadjuststhereplyin thatexampleto t the
currentconditionsandgenerates new reply.

2.3 Problempoints

Operating a dialogue system basedon dialogue
examplesrequiresthe constructionof an example
databasasdescribedabore. Constructinga large-
scaleexampledatabasetorewer, requiresa large
volumeof dialoguetext in which supplementaryn-
formation such as queriesand searchresults has
beenprovidedwith respecto input speech.

Up to now, we have beenconstructingan exam-
ple databasdy rst collectinghuman-to-humaudli-
alogueand corverting speechto text and then as-
signing queries,searchresults,andthelike to each
instanceof input speech.This, however, is alabori-
ousprocess.In addition,exampledataconstructed
on the basisof human-to-humanialoguedatamay
have featuresdifferent from those of human-to-
dialogue-systendialoguedata. In otherwords,we
cannotcall the above approachan optimal method
for constructingexampledata.

3 Construction of an Example Database
usingthe WOZ System

We proposethe Wizard of OZ (WOZ) systemas
one meansof efciently collecting dialogue data
thatincludessupplementarinformationattachedo
speech.Carryingon a dialogueusingWOZ makes
it possibleto collect the information neededfor
constructingan example databaseavhile collecting
speecldata.

3.1 WOZ system

When carryingon a dialogueusing the WOZ sys-
tem,theuserfeelsthatheor sheis talking to acom-
pletelymechanicasystemdespitehefactthata hu-
man being is actually being usedfor someof the
elementamaking up the dialoguesystem. Collect-
ing dialoguedataby WOZ shouldthereforeresultin

User The Operatq
{ "\ Speech Input of )

— R —
Information || Tree Structuref] Reply-Statement
Databg‘ e Keywords Bigram

Query
Generatio

Que
Search L_Part | |_,{Touch Panel,|

Executior] an
Part Display

Repl
Speech. Ge'%)a%ion
Speec Symthesi Pat

Output

Reply Tex
The WoZ Software
L
Of
Informgatio

Figure2: Con gurationof Wizard of OZ system

datathatis closerto dialoguethat would occurbe-
tweena humanandamachine.

Collecting spokendialoguedatausing the WOZ
systemhas actually beenperformeda number of
timesin the past(MADCOW, 1992; Bertenstanet
al., 1995; Life et al., 1996; Eskenaziet al., 1999;
San-Sgundoetal.,2001;LemmelaandBoda,2002;
Yomaet al., 2002). The objective of thosestud-
ies, however, wasto collect, analyze,and evaluate
dialoguedatabetweenpeopleandarti cial objects,
andin mary casesonly oneof thearti cial-object's
functionswastakenover by a human,for example,
the speechrecognitionfunction.

Our study, however, goesfurtherthanthe above.
In particular we create special software (called
WOZ software)that allows a humanbeingto per
form the functionsof interpretinguserspeechgen-
eratingqueriesandexecutingsearchesandgenerat-
ing replies. We then proposea framavork that en-
ablesthe operator(wizard) to carry on a dialogue
with theuserwhile operatingthis WOZ softwareso
that obtaineddatacan be usedlater to perform di-
rect control of a dialoguesystem. Speci cally, we
con gure a pseudo-spoken-diogLe system(WOZ)
consistingof WOZ softwareand an operatoy hold
information retrieval dialoguebetweenthis system
andhumansubjectsandsave the queriessearchre-
sultsandreply statementgeneratedt this time as
log information. We thenusethis log information
andtext-corvertedspeechto constructan example
databas¢hatcanbe usedfor dialoguecontrol.

3.2 Systemcon guration

Figure2 showstheentirecon guration of the WOZ
systemthat we constructed. In this con guration,
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the WOZ software, which was createdusing the

C++ languageyunson a personalcomputerunder

Windows2000. It consistsof a screenfor generat-
ing queries(query part) anda screerfor generating
replies(reply part). Figures3 and4 shov sample
screensof theseparts. This GUI adoptsa touch-

panelsystemto facilitate operations— an operator
only hasto toucha button on one of thesescreens
to generatea query searchaninformationdatabase,
generata reply, or outputsynthesizedpeech.

WOZ softwaremust feature high operability to
achieve naturaldialoguebetweenthe WOZ system
anda humanuser WhendesigningWOZ software
on the basisof a human-to-humanlialoguecorpus

thatwe previously collected,we usedthe following
techniquedo enablethe systemto operatein real
time while carryingon a dialoguewith theuser
First, the query part arrangeskeywordsin a tree
structureby searchtype so that appropriatekey-
wordscanbeselectecht atouchto generatea query
andretrieve information quickly * . Searchresults
aredisplayedatthebottomof thescreerin list form.
Secondthereply partdisplaystext-input buttons
for generatingreplies and a list of searchresults.
Thetext-input buttonscorrespondo words,phrases,
and short standardsentencesand pushingthemin

!Queriesthatdealwith context in regardto input speectare

currentlynot de®nedfor the sakeof simplicity in softwareop-
eration.



n Hungry, but not enough time.

n Search Japanese food restaurant.

n You want to eat Chineese noodle.

Figure5: Examplesof promptingpanels

an appropriateordergenerates reply in text form.
The arrangementf thesetext-input buttonson the
screenis basedon connectionfrequengy between
text elementgreply-statemerigram)aspreviously
determinedrom the human-to-humadialoguecor-
pus mentionedabore. In otherwords, eachtext-
input buttonrepresentsa text entry having the high-
estfrequeng of following theimmediatelyprevious
text entryto theleft, which makesfor quick genera-
tion of areply. Furthermoreto enablequick input,
thesectionof thescreerdisplayingthesearchresults
hasbeendesignedso thatthe nameportion of each
resultcanbe toucheddirectly andautomaticallyin-
cludedin thereply. Thegeneratedeplyin text form
is nally outputin voiceform viathespeecltsynthe-
sissectionof thesystem.

Switchingbackandforth betweenthe queryand
reply parts can be performedas neededusing a
switch button. The reply part also includes but-
tonsfor instantlygeneratingvordsandshortphrases
of con rmation and encouragemer(e.g.,"yes, "I
see”)while the useris speakingo createasnatural
adialogueaspossible.

3.3 Collecting dialoguedata by the WOZ
system

We targetedshop-informationretrieval while driv-
ing a car as an information-retrizal application
basedon spokendialogue,and collecteddialogue
databetweenthe WOZ systemandhumansubjects
(Kawaguchiet al., 2002). This datawas collected
within an automobiledriven by subjectseach of
whom actedasa usersearchingor information. A
personalcomputerrunning the WOZ softwarewas
placedin the automobilewith the "wizard” sitting
in the backseat.All spokendialoguewasrecorded
usinganothempersonatomputer

Data collection was performedaccordingto the
following procedurdor adurationof about vemin-

Tablel: CollectedWOZ data

Numberof Spe(?::]e)ngth SpeechJnits
SESSIONS MGser[ WOZ | User | WOZ
487 499 | 791 | 13,828| 12,487

utespersubject.

A promptingpanelsuchasshowvnin Fig. 5is
presentedo the subject.

The subjectcorversedreely with WOZ based
onthe promptingpanelshown.

The wizard operateghe WOZ systemwhile lis-
teningto the subjectthatis, thewizard performsan
appropriatesearchandreturnsareply usingspeech
synthesis .

Table1 showsthe scaleof collecteddata.

3.4 Constructing an exampledatabaseusing
WOZ log information

WOZ softwarewasdesignedo outputdetailedlog
information. This information consistsmainly of
thefollowing items. All log informationis recorded
with time stamps.

SpeakeltD (inputby thewizardwheninitiating
adialogue)

Querygeneratedor the input speechin ques-
tion

Searchresultsreturnedfor the generatedjuery
(numberof hits andshoplDs)

Text of reply generatedby the operator(wiz-
ard)

A sared WOZ log canbe usedto efciently con-
structan exampledatabasédy the following proce-
dure. To beagin with, awritten recordof userspeech
is madebasedon the voice recordingof spokendi-
alog with time informationadded. Next, basedon

2Thewizard generatesjueries performssearchesandgen-
erategepliesto the extent possiblefor speectto which de®ned
queriescanbeapplied.If aquerycannotbegeneratedthewiz-

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 correspondencis establishedbetweenuser
speechand queriesand betweensearchresultsand
replies.

We constructecan exampledatabasesinga por-
tion of dialoguedatacollectedin the abose manner
Table2 summarizeshe datausedfor this purpose.

Queryandsearch-resultorrespondencegerees-
tablishedfor about20% of all userspeechexcluding
speechoutsideof the taskin questionand speech
outsideof queryspeci cations.

4 SpokenDialogue Systemusing Dialogue
Examples

We heredescribea dialoguesystemthat runsusing
theexampledatabase¢hatwe constructedsee(Mu-
raoetal., 2001)for details).Thetaskis to searchor
shopinformationwhile insidean automobile. This
systemwas implementedusing the C++ language
underWindows2000.Figure 6 shows a screershot
of this example-basedialoguesystem.

4.1 Systemcon guration

Thefollowing describegshecomponentsf this sys-
temwith referenceo Fig. 7.

Dialogue exampledatabase(DEDB): Consistsof
dataconstructedrom dialoguetext andlog in-
formation output from WOZ software. Dia-
loguetext is subjectedo morphologicalanal-
ysis3, andwordsessentiato advancingthe di-
alogue (e.g., shop name, facility name, food
name)are assignedvord classtagsbasedon
classesgiven to thesewords beforehandac-
cordingto meaning.

Word ClassDatabase(WCDB): Consists of
words essentialto the task in questionand
classesgiven to them accordingto meaning.
Word classesredeterminecempirically based
ondialoguewithin the dialoguecorpus.

ShopInformation Database(SIDB): Consists of
acollectionof informationon about800restau-
rants and shopsin Nagoya,the sameas that
usedin the WOZ system.

SpeechRecognition: Uses “Japanese Dictation
Toolkit(Kawaharaet al., 2000)”. The lan-
guagemodel was createdfrom the previously
collectedhuman-to-humaudialoguecorpus.

8Using ChaSenmorphological-analysisoftware for the
JapaneskanguaggAsaharaandMatsumoto2000).
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Query Generation: Extractsfrom the DEDB the

example closestto currentinput speechand
conditions,modi es the queryin thatexample
accordingo currentconditions,andoutputsthe
result.

Search execution: Accessesthe SIDB using the

generatedjueryandobtainssearctresults.

Reply Generation: Extractsfrom the DEDB the

exampleclosestto input speecrandsearchre-
sults, modi es the reply in that example ac-
cordingto currentconditions,and outputsthe
result.

SpeechSynthesis: Outputs replies in voice form

using a Japanesd TS (Text To Speech)soft-
ware“EleganTalk Ver. 2.1” by Saryo Electric
Co.,Ltd. .

4.2 Operation

The following describessystemoperation(seeFig.
8 for aspeci c operationexample).

Stepl: 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 should be considered
againsthespeechecognitionerror. Therefore,
a keyword matching method using the word
class information is adopted. For a speech
recognitionresultcombinedwith amorpholog-
ical analysisresult,independentvordsandthe

Stepl: Extracting similar example for query

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

Similar cases

—

1st: U: <10:Curry> no [omise] ni [iki]tain desu kedo
(I'd like to go to a curry restaurait.
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
(| prefer a popular resutaurant for spaghetti.)
Q: search KEY=<10:spaghetti>

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

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

Output Query:  search KEY=<10:spaghetti>

lutput Query:  search KEY=<10:spaghetti>

Step3: Search
Search Result: RESULT=NONE

Step4: Extracting similar example for reply

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

)
Similar cas{s Keywords: [10: spaghetti],[omise (shop)],[iku (qo)]

‘Search Result: RESULT=NONE ‘

Y
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 restaurait.
Q: search KEY=<10:curry>
S:Hai, Curry no omise wa 5-ken arimasu
(Well, | found 5 curry restaurants.)
. A:RESULT=5, ID1=120,..,ID5=565

Step5: Reply Modification
Reply in the similar case:
<10:Ramen(noodles)> no [omise] wa chikaku ni arima
( 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.) Y

Figure8: Exampleof queryandreply generation

importantwordsto which the word classtags
are assignedaccordingto the information in

the WCDB areregardedasthe keywords,and
their similarity is calculatedas follows. For
eachtranscriptionof a users utterancesn the
DEDB, the numberof matchedwordsandthe
numberof importantwords which belongto

the sameword classare accumulatedvith the
correspondentveight and the resultis treated
asthe similarity. The utterancewhich marks
the highestsimilarity is regardedas the most
similar one.

Step2: Query Modi cation The queryfor the ex-

tractedexampleis modi ed with referenceto



the input utterance. The modi cation is per
formedby replacingthe keywordsin therefer
encequeryusingword classinformation.

Step3: Seach The SIDB is searchedby usingthe
modi ed queryandasearchresultis obtained.

Step4: Extracting similar examplefor reply

The systemextractsthe mostsimilar example
from the DEDB, by taking accountof not only
the similarity betweenthe input utteranceand
theutterancen examplesbut alsothatbetween
the numberof itemsin the searchresultand
thatin the examples. Here, a total similarity
scoreis computedby performinga weighted
summationof two values: the utterancesim-
ilarity scoreand the search-resultsimilarity
score obtained from the difference between
the numberof searchresultsin an example
andthatobtainedin Step3. Thesearch-results
similarity scoreis computedasfollows.

When the number of seaich resultsby mod-
ied query is 0: Give the highestscoreto
examplesin the exampledatabasevith O num-
berof searchresultsandthe lowestscoreto all
otherexamples.

When the number of seaich resultsby mod-
ied query is 1 or more: Give the high-
estscoreto examplesin the exampledatabase
with the samenumberof searchresultsandan
increasinglylower scoreas differencein the
numberof searchresultsbecomedarger (use
heuristics).

For example,if notevenonesearchresultcould
beobtainedby themodi ed query examplesin
the exampledatabaseavith notevenonesearch
resultconstitutea match.

Step5: Reply Modi cation The reply statement
for the extractedexampleis modi ed with ref-
erenceo theinpututterance Themodi cation
is performedby replacingthe wordsin theref-
erencereply statemenby usingword classin-
formation. Thena speechsynthesiamoduleis
usedto producea reply speech.

4.3 Adding, modi cation, and deletion of
exampledata

This systemallows exampledatato be added mod-
i ed, anddeleted. Whena failed operationoccurs
while carrying on a dialogue,for example, buttons
locatedat the bottom of the screencan be usedto

modify existing example data,add nen examples,
anddeleteunnecessargxamples.

5 Conclusion

This paperhasproposedan ef cient techniquefor
collecting example data using the Wizard of OZ
(WOZ) systentor thepurposeof guidingspokerdi-
alogueusingdialogueexamples.Thistechniquenas
thefollowing effects.

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

Becausedialogueis collectedusing the WOZ
system,the examplesso collectedare closeto
dialoguethat would occurin an ervironment
with anactualdialoguesystem.In otherwords,
dialogueexamplescanbe collectedundercon-
ditionscloseto human-to-machindialogue.

The laborinvolvedin recordingspeecheces-
sary for constructionof an example database
canbereduced.

In future researchye planto evaluatedialogue-
processingperformanceand contet processingus-
ing example databasegonstructedwith the WOZ
system.
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