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Abstract
This paperdealswith the way in which datafor multimodal dialoguesystemsare collected. We armgue that for multimodal data,an
iterative datacollection stratey shouldbe followed. Insteadof a single major datacollection effort usinga “Wizard of OZ” (WOZ)
or “prompting” experimentalsetup,several smallerdatacollectionsshouldaccompap the systemdevelopment. We alsodescribethe
“script” experimentaketupwe developed.lt is in betweerthe WOZ andpromptingsetup,andcanbe usedasa costeffective designfor

thefirst datacollectionwithin theiterative datacollectionstrateyy.

1. Intr oduction

The creationof multimodal corporaraisesproblems
which go well beyond problemsraisedby the creationof
spokenlanguagecorpora. The collectionof datafor mul-
timodal dialoguesystemss more expensve thanthe col-
lectionof spolenlanguageesource$SLR), becaus®f the
morecomplex technicalsetuptheincrease@mountof data
to be collected,andthe know-how which is requiredfrom
multiple fields. In addition, asthe constructionof multi-
modaluserinterfacesis not yet a maturefield, changego
thesystemarelikely to occurevenduringaproject. There-
fore cost-efective approachefor thecollectionof dataand
oneswhich foster bestpossibleuse of the dataareto be
preferred.This is even moreimportantsincethe ability to
re-usethe annotateddatais questionable This is not only
dueto differencedn the languageandthe domainasit is
for SLR but alsoto differencesn the modalitiesused.For
example,userinteractionon atouchscreemith afingeror
with a pencandiffer substantiallyor, asanotherexample,
2D gesturdrackingdatacanbeuselesgor 3D trackingjust

like mono recordingsare for microphonearray research.

The choiceof coveredmodalitiesand usedanalysistech-
nologyaddto thevariability thathasto match,soit is even
moredifficult to re-usethe datagainedin oneprojectin a
secondoroject.

Usually datacollectionsusingWzard-of-Oz(WOZ) or
promptingexperimentsareperformedonly oncebeforethe
developmentof a dialoguesystem. We arguetowardsde-
signing corpuscollection stratgies accordingto software
engineeringracticeandintroducetheiterative corpuscol-
lection approach. We claim it to be more useful for the
systemat different developmentstageshan singletonex-
perimentsusing Wzard-of-Oz (WOZ) or prompting ex-
periments. We contrastthose Collect-Once-and-Deelop
(COD) datacollection approachesvith the iterative data
collectionapproach.Also, the iterative datacollectionap-
proachandits first step,the script experiment,are consid-
eredlessexpensve thanthe COD approachwith a WOZ
experiment.

2. The lterati ve Approach

Usually, the data collection is designedduring very
early stageof the developmentof multimodaldialog sys-
tems. This is followed by an extendeddatacollectionpe-
riod. However, changesn the setupof the systemarenot
reflectedn the designof thedatacollection,thusquestion-
ing the usefullnesof the collecteddata. The Smartkom
datacollection(Tirk,2001),alargeeffort in collectingdata
for multimodal dialog systems(Wabhlsteret al., 2001), is
sucha Collect-Once-and-Deelop(COD) approach.

Basically two kinds of experimentsfor acquiringdata
for thedevelopmenbf amultimodaldialogsystemareused
in the COD approach:

¢ Wzard-of-Oz(WOZ) experimentsand

e promptswhich arecommonfor acquiringspokenlan-
guagedata.

In Wizard-of-Ozexperimentsthe subjectinteractswith
aso-calledvizad. Thewizardis ahumanoperatoisimulat-
ing the systembehavior. Ideally, the useris not awarethat
a humangeneratesghe systemoutput. WOZ experiments
aredistinguishedoy the possibilityto acquirequite natural
data. The subjectis not only free to choosethe modality;
the wording andso on, but, e.g.,alsothe planfor solving
atask. However, WOZ experimentsarealsothe mostex-
pensve onesin the preparationand the realizationphase.
E.g.,thewizad needsa detailedschemge.g.aflow chart)
for generatinghe properanswers.If the wizard doesnot
stick to the schemethe datamay be inappropriatefor the
developmentof the system. However, the mostimportant
drawback of WOZ experimentsis the possibility that the
collecteddatadoesnot correspondo the capabilitiesof the
system. This dangerarisesin particularif the datais col-
lected(only) in the beginning of a project. An exampleis
theknown phenomenothatthe wizard hasperfectspeech
recognitioncapabilitieswhereaghe systemevenin the fi-
nal stageof developmentdoesnot have thesecapabilities.



Many researcherske into accountherecognitioncapabil-
ities of thesystemg.g. by artificially imposingrecognition
errorson thewizard. But still, for mary applicationst can
not be foreseerhow goodthe recognitionrate will be for
thedevelopedsystemsothe suspecte@rrorrateat the be-
ginning of a projectcanbe drasticallywrongandskew the
collecteddata.

In promptingexperimentghe usergetsa descriptionof
whatto corvey to thesystemandhow to dothat,e.g.,which
modality to choosewhich wordsto useandsoon. Onthe
onehand,this kind of experimentis very usefulfor speech
and gesturerecognitionexperimentswherethe phonolog-
ical or the spatialrealizationare studied, i.e., prompting
experimentsareideal for the recognitioncomponent®of a
system.On theotherhand,datacollectedin promptingex-
perimentscannotbe usedfor the semanticand pragmatic
componentof sucha system,becauséhe semanticsand
pragmaticsof the users utterancesare fixed beforehand.
The userdoesnot have ary choice with respectto these
levels.

It is commonpractice(andwe believe this to beinher
ited from the speecthrecognitioncommunity),to designa
datacollectionin the beginning of a developmenteffort,
collect dataand usethis datain the designand develop-
mentof the dialoguesystem We wantto call thisapproach
the Collect-Once-and-Deelop(COD) approach.

Next, we want to illustrate the COD approachwith a
qualitatvefigure (Figurel), and,afterintroducingouriter-
ative approachye contrasthe COD approactwith aqual-
itative figure depictingour proposal.Thebarsin thefigures
represenversionsof systemghatoccurduringthe process
of systemdevelopment. The figuresare strongly oversim-
plified in mary respectsfirst of all, they assumdunction-
ality is measurablasa singlescalar Next we differentiate
only threeclasses:S standingfor system,F standingfor
fake,andl standingfor instructionandimagination.

Figure 1 depictsthe COD approactutilizing a Wizard
of Oz experiment. In the figure, we seetwo systems:a
simulatedsystemat the beginning of systemdevelopment
andtheimplementedsystematthe end. In thefirst system,
thel containse.g.thetaskdescription(in our scenariothis
couldbe: choosea mavie from tonight’s TV program)and
implicit restrictions(in our scenariog.g. only a certainlist
of movies could be displayedfor selection;the perceved
(or imaginated)functionality could be ary list of movies
onary day),theF containgheactionsanddecisiongaken
by the wizards,but alsofor examplethe preparedscreens
thatthe wizardscanplay backetc. Someof thefunctional-
ities thatthewizardscantriggeraredoneespeciallyfor the
WOZ experiment(thosewould be coveredby the F-block),
while other functionality is asit is usedin the final sys-
tem,e.g.thewizardcouldreactonwhatanalreadyexisting
speectrecognizehasunderstoodpr make useof otherex-
isting componentdik e a renderingengine;this is covered
by the S block. We wantto notethatin this informal nota-
tion, WOZ couldbe characterizedsa systemwith someF
functionality, wherea humanoperatordeliversall or some
percentag®f the F functionality. In theimplementedsys-
tem on theright, the developershave removedall F func-
tionality, thereis muchmoreS functionality now, however,
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|

time

Figurel: WOZ approach

dueto somereasonsthe functionalityis somevhatbehind
thefunctionality of thewizard-operatedystem.

We contrastthe COD approachwith an iterative ap-
proachof collectingdata.Speakingn softwareengineering
terms,we follow the spiral modelfor datacollection: in-
steadof developingafull featuredWOZ designatanearly
stageof the project,followed by one datacollectionphase
for theimplementatiorof the systemwe wantto have sev-
eral datacollection campaignswherewe graduallymake
use of more and more functionality of the systemrather
thanto deploy wizardfunctionalityto allow for morenatu-
ral interactionthanbefore.At thestartof a project,thesys-
temusuallydoesnot have ary functionality sothatuserin-
teractionscannotbe capturedsemi-)automatically How-
ever, this is not true if the developmentof the systemis
moreadwanced. In this caseuserinteractionscanbe cap-
turedmoreor lessautomatically thusreducingthe costof
the annotation. If we do not wantto put too much effort
in the expensve wizard functionality, we have to be more
restrictvein thefirstiterations thatis, severalpropertiesof
the datalik e dialoguestructureandtaskplanningarefixed
in thefirst experiments.n thefollowing iterationsthe sys-
temwill take over moreandmorefunctionality, e.qg.,it will
be possibleto handledialoguestructureby the system.

Next, with Figure2, we discussanexampleof ouritera-
tivedatacollectionapproachAs thisapproachriesto min-
imize extra effort (F functionality), it startsoff with more
| (instructionandimagination)functionality andwith less
total functionality. Therecanstill be somelimited F func-
tionality in thebeginning,for examplewe generate¢H TML
pagesthat mimicked GUI outputof our hypotheticalsys-
tem. Characteristiof the iterative approachis thatit uses
severaliterations startswith reducedotal functionalityand
avoids F-functionality. We think a strengthof the iterative
approachs thatmoredatais collectedwith atleastpartof
thefinal systemhopefullyit is morerealisticthenasit takes
into accountilsoweaknessesf thesystem.However, there
is of coursealsothe dangetthatsubjectsadapttoo muchto
therestrictions(e.g.,usersdo not usemodalitieswhich are
not yet coveredcompletelyor usersrestrictthemselesin
theirvocahulary becausehey guesshatsimplecommands
areunderstoodetterthancomplicatedsentences)So, it is
necessaryo controlfor thatphenomenonOneinteresting
paradigmhatcouldbehelpful hereis the hybrid Wizard of
Oz paradigm(Cheyer et al., 1998), wherean experienced
user(knowing the systemlimitations) translateghe inter-
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Figure?2: Iterative approach

actionsof anaive user Of coursethis paradigncanonly be
appliedat anintermediateor late stageof thedevelopment.
Thenecessityto startwith a hybrid Wizard of Oz paradigm
canbededucedrom the obsenationthatsubjectdbehaior

is significantly differentin the beginning and towardsthe
endof asession.

In the next sectionwe have a closerlook at the script
experiment,a setupwe developedfor the first collection
campaigrwithin theiterative approactwhereno prototype
systemis available.

3. The Script Experiment

We developedthe’script’ experimentasa cost-efective
meandor bootstrappinghesystemin thefirstiterationstep
of ouriterative paradigm.We wantedto have a setupwhich
is not asexpensve asWOZ experimentsbut still provides
naturaldataof humancomputerinteraction. The 'script’
experimentcombinesfeaturesof WOZ and promptingex-
periments.The subjectgetsa scriptwith taskdescriptions,
whereeachtaskcorresponds$o onedialogstep. Thesede-
scriptionscanbe promptedo thesubjectasfor SLR. How-
ever, the descriptionsneither contain the modality to be
usednor thewordsto be said,sothatinteractionsetween
spokenlanguageandgestureganbestudied.In contrasto
the simplepromptingsetup,it is alsopossibleto acquirea
rathernaturalvocatulary.

It is worthwhile to notethatthe threekinds of experi-
mentscanbecharacterizetly thegranularityof instruction.
An overview over therestrictionsin thethreeexperimental
setupsgs givenin Tablel (notevery possibldevelis shown,
in namingwe alsostuckto theterminologyusedin thelan-
guageand speechcommunity). Thereare restrictionsfor
all threekinds- evenin WOZ experimentsthe application
areais fixed, and subjectsreceve a concretetaskdescrip-
tion. In promptingexperimentsonly the phonologicakeal-
izationis variablewhile all higherlevels of processingare
fixed. The granularityof instructionfor the script exper
imentis in betweenWOZ and prompting— phonological
realization Jexical andmodalitychoicearevariable,sothat
it is possibleto usethesedatafor developingthesystem Of
thethree,only WOZ experimentsare suitablefor research
ondialoguestructureandtaskplanning.As aconsequence,
if usingthescriptexperimentastheinitial datacollectionin
theiterative datacollectionapproachgdatafor researcton
dialogstructuremustbe collectedwithin alatercampaign.

Prompts| Scripts| WOZ
phonologicakealization + + +
lexical choice — + T
modality choice - + +
dialoguestructure — — +
taskplanning - — +
task/domain - — _

Tablel: Granularityof Restrictions

Figure3: Settingin the RecordingStudio

4. A casestudy —iterati ve data collectionfor
EMBASSI

Toillustratetheiterative approachyve reporton our ex-
periencewith the collectionof a corpusof multimodalhu-
man machineinteraction. The investigateddomainis the
living room scenariooneof threeapplicationareasof the
EMBASSI project (http://www.embassi.de) Here, a net-
work links differentdevicesto an integratedsystemwith
acommonmultimodaluserinterfaceutilizing speechges-
ture, but alsoa remotecontrol. We reporton the first two
campaignsfollowing the script experimentandthe proto-
type evaluationexperimentrespectiely.

4.1. First Data Collection Campaign

In the first campaignwe followed the cost effective
script experiment. Subjectswere promptedfor dialogue
stepausingwritteninstructiongdisplayedontheTV screen.
During the subjects interaction,the TV shaved eithera
still picture indicating normal TV operation,or a static
on-screerGUI, both generatedy a PC shaving prepared
HTML pages.

The subjectswere recordedin a soundtreatedroom
at the Sory AdvancedTechnologyCenter Stuttgart. We
tried to achiese a more realistic living room atmosphere
by putting armchairs,table, floor lamp, sideboard,a TV
set,a set-top-boxandtwo VCRsinto theroom (Figure 3).
User utterancesvere recordedby several microphonesa
camerawasregisteringthe faceandlips andtwo cameras
wererecordingpointing gestures.In addition, the subject



had a standardinfrared remote control at their disposal.
Seven channelaudio was routed through a digital mixer
andrecordedboth on ADAT tapesandon harddisk. The
faceimagewasrecordedon DV tapeandon the harddisk
of anothePC. The datais usefulfor lip readingaswell as
faceand gazetracking experiments. Two additionalPCs
were usedto recordthe uncompressetivo video streams
shaving thepointinggesture®n harddisk. Everythingwas
controlledby two operatorsusing an extendedversion of
Sory’s speechrecordingsystemthattriggeredthe prompt-
ing PC,therecordingof thevideosequenceandthelog of
theremotecontrol.

This architecturewas chooserbecausét allows a dis-
tributed preparationof the recordingsoftware. A simple
protocolwasjointly definedand small trigger senderand
recever programswere distributed to develop and check
functionalityindependentlyBy this, we couldbuild onthe
experienceof selectingappropriateecordinghardware,in-
terfaceit to acomputerandaccesdt from softwareto write
datato files.

In consequencehe datacollectioncampaigncould be
organizedn lessthan2 months.Therecordingstudiowas
occupiedfor aboutthreeweeks. During the two weeksof
intensive recordingswe collectedmultimodalinteractions
of 41 agegroupbalancedsubjectg19 m, 22f). Eachsub-
jectattendedhe studiofor aboutonehour. They actedon
oneto five scriptseachor 172 scriptsin total.

Althoughwe limited therecordingsof thetwo cameras
for the gestureto only thosepromptswherea gesturewas
likely to occur, we hadto handlemorethan 153 GB that
were written (in chunksof about15 GB) to DDS-4 tape
over night betweenwo recordingdays. If the datacollec-
tion would have just considerednonospeechrecordingst
would have easilyfit into a half gigabyte.

4.2. Seconddata collection campaign

For the seconddatacollectioncampaignwe exhibited
anearly prototypeto the subjectslt couldtreata smallbut
core part of the system(browsing an electronicprogram
guide(EPG)andselectinga programfor recording),either
by GUI, speeclor a multimodalcombinationof both. Au-
dio wascapturedasfor the first campaign.As the people
interestedn the vision aspectshad enoughdatafrom the
first campaignwe could avoid handlinghugedatamasses
andwereablejust to recordthe overall sceneon DV tape
and MPEG-4 for annotationpurposes. For annotationof
the systems actiities we developedan XML-basedcen-
tralizedloggingfacility.

The campaignwas combinedwith an evaluation of
the influence of different output stratgies (Kramer and
Nitschke, 2002),so peoplehadto fill in questionnairesis
well duringtheir1.5hourstay Differentsubjecigroupshad
to interactwith threeversionsof the system,eachhaving
specificoutputcapabilitiesj.e. GUI only, GUI andsynthe-
sis,GUI andsynthesisandanimatedace. Thewereasled
to solve 3 task: recorda specificprogrammeprowseand
selectary interestingprogrammefor recording,andagain
recorda specificprogramme. This time, we recorded65
ageand genderbalancedsubjects. As we recordedmore
subjectsthis time, we scheduledhe recordingsover three

weeks.An experimenteintroducedhesubjectdo thetask,
andtwo peoplecontrolledthetechnicalequipment.

4.3. Dataannotation

The annotationof both collection efforts was doneas
follows: In parallelto subsequentecordingsor after the
collectionwasfinished,the orthographidransliterationof
speechwasdonemanually Next, anautomaticsggmenta-
tion into word, syllable and phonemefiles was performed
using the systemreportedin (Rapp, 1995). Schmids
part-of-speecltiagger(Schmid,1995)wasappliedto yield
morpho-syntactiénformation.

All of theseautomaticallyderived annotationswere
then corvertedinto XML. In doing so, relateddatafrom
differentlevels (like phonemeswords andturns)wasdis-
tributed on differentfiles, with the relationsbetweenele-
mentsbeing representedby meansof standof annotation
(Thompsonand McKelvie, 1997) (a notion introducedby
(Ide andPriest-Dorman]1996)asremotemarkup. In this
techniqueembeddingf oneelementwithin anotheris ex-
pressedhroughaspeciakttributeof thelatter, whichhasas
its valuethe ID of the embeddecdlementandwhichis in-
terpretedasa pointerto this element.Apart from the prac-
tical advantageof directly supportingthe collaborationof
diversesiteson the samedata(asoutlinedabove), keeping
apartdatafrom differentlevelsof descriptionis preferable
for methodologicateasonsiswell. For displayandannota-
tion, the original datais reconstructedrom the distributed
files. For thispurposeatool (Miller andStrube 2001)was
developedwhich directly supportsstandof annotatiorcre-
ationandresolution.With thistool, our multimodalcorpus
wasmanuallyannotatedor coreference.

5. Conclusionsand Future Work

This paperexplains the designconsiderationdor the
datacollectionstrateyy for a multimodaldialoguesystem.
Thekey pointof theiterative approachs thatwe do several
small campaigngatherthan one single large datacollec-
tion. We reportedon the experiencethatwe gainedin the
firstiterationfor whichwe developecdthescriptexperiment,
thatstanddetweertheWizardof Oz andthepromptingex-
perimentsWe did nottry to hidefrom theuserghefactthat
the dialoguestructureandtaskplanningis totally fixed by
the script. Yet, somesubjectsseemto be unaware of the
fact that all systemreactionswere totally predetermined,
asone of the subjectsmentionedafter the recordings. In
thesecondcollectioniterationwe exhibiteda (functionally
severelylimited) prototypeto subjectsandcouldcollectre-
alistic dataof the coretask.

Characteristicof the iterative approachs thatit starts
with reducedotal functionalityandavoidsfictive function-
ality. Thecorpuscollectioncanbeaccomodatetb changes
duringdevelopmentsotherisk of producinga large quan-
tity of (partly) unrealisticdatais reduced Anotherstrength
is that more datais collectedwith at leastpart of the fi-
nal systemsothatweaknessesf the systemarealsotaken
into account. However, thereis alsothe dangerthat sub-
jectsadapttoo muchto the restrictions(e.g., usersdo not
usemodalitieswhich arenot yet coveredcompletely).



We have decidedto follow theiterative approachn the
EMBASSI project,andareconfidentof adheringto the it-
erative paradigmin future projects.
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