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Abstract

We presenDialogXML —amarkuplanguagepproacho specifyingandrealizingmixed-initiative webdialogson
mobile devices. By capturingthe functionalstructureof the dialogindependenof the modalitiesusedto realize
it, DialogXML facilitatesthe implementationof web interfacesthat integrate hyperlink and speechmodesof
interaction.It enableghe creationof websiteghatadapto the needf usersyet permitsthedesignerne-grained
control over whatinteractionsto support. The framewnork usesan algorithmbasedon stagingtransformations-
anapproactihatrepresentslialogsby programsandusesprogramtransformationso simplify thembasednuser
input. Designmethodologyimplementatiordetails,andtwo casestudiesarepresented.
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1 Intr oduction

Computingpower todayis increasinglymaving away from the desktopcomputerto mobile computingdevicessuch
as PDAs, tablet PCs,and 3G phones. While posingcapacitylimitations (e.g., screenreal estate,memory),such
devicesalsopresenipossibilitiesfor multimodalinteractionvia gesturesspeechandhandwritingrecognition.One
areathatis witnessingremendougrowth in multimodalinteractionis web browvsingon mobile devices.

Many factorshave contrituted to the growing interestin multimodal web interaction. Chief amongthem s
the maturingof commercialspeectrecognitionengineg42] andtechnologiesuchas SALT (SpeechApplication
LanguageTags)andX+V (XHTML plusVoice)thathave usheredn web documentshat cantalk andlistenrather
than passiely display content. Second,speechpermits naturalwaysto perform certaintypesof tasksand help
compensatéor de cienciesin traditionalhyperlinkaccesgwhich cangetcumbersomen smallform-factordevices).
Moreimportantly speech-enablagebsiteshelpimprove accessibilityfor themorethan40 million visuallyimpaired
peoplein theworld today As aresult,usingspeecheadsto thepossibilityof a corversationaliserinterface[25] that
combineghe expressie freedomof voice bacled by theinformationbandwidthof a traditionalbrowser

Ourgoalin thispapeiis to presenDialogXML + amarkuplanguagéo specifyandrealizeexpressie webdialogs
on mobile devices (We usethe word “dialog' hereto meanthe turn taking that occursindependenof the modality
of interaction;therefore dialog' shouldnot be consideredgsynorymouswith “voice'). We focuson database-dren
websiteqd(i.e., siteswhereinteractionis derived from arelationalnavigation schemahplthoughthe basicelementsof
theapproactcanbe adaptedo lessstructuredorms of websites.As the nameindicates DialogXML allows a user
interfacedesigneto specifythe underlyingdialog of human-websiténteractionindependenof the modalitiesused
to realizeit. FurthermorepPialogXML supportamixed-initiative dialogswithout anticipatingthe pointsat which the
shift of initiative canhappen.This enablesisto think of multimodalinteractionnotjustasaway to navigateexisting
site structurevia voice [15] but asa way to supporta e xibility of informationaccessot possiblewith clicking
hyperlinksalone.

Therestof this paperis organizedasfollows. In Section2, we presentour view of multimodalinteractionas
a e xible mixed-initiative dialog betweerthe userandthe website.We carefully de ne thetype of mixed-initiatve
interactionstudiedhereandthechallengesn realizingit in asoftwareframeavork. Section3 coversbackgroundvork
in dialog systems paying speci ¢ attentionto dialog processingalgorithmsand markuplanguages.Our speci ¢
approachs givenin Section4 which rst de nes an intermediaterepresentatioffior dialogsandthen detailsthe
DialogXML markuplanguagehatis designedroundthis intermediateepresentationAlgorithmsto simply dialogs
basedon userinput and implementationdetailsare also provided here. Section5 detailsevaluationstudiesand
Section6 providesa summarydiscussion.

2 Motivating Example

Considetthefollowing dialogsbetweeraninformationseeler (Sallie)andanautomategbolitical informationsystem.

Dialog 1

System: Welcome.Are youlooking for a Representate or a Senator?
Sallie: Senator

System: Democratr Republicaror anindependent?

Sallie:  Republican.

System: What State?

Sallie: Minnesota.

System: Thatwould be Norm Coleman Firstelectedn 2002,Coleman...
(corversationcontinues)
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Dialog 2

System: Welcome.Are you looking for a Representate or a Senator?

Sallie: Senator

System: Democraior Republicaror anindependent?

Sallie:  Not sure,but representthe stateof Indiana.

System: Well, thenit is eithera Democraior a Republicanthereis no Independenfrom Indiana.
Sallie: | see.Whois the RepublicarSenator?

System: Thatwould be RichardG. Lugar Firstelectedn 1976,Lugar ...
(corversationcontinues)
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It is helpful to contrastthesedialogsfrom a corversationainitiative standpoint.In the rst dialog, Sallieresponds
to the questiondn the orderthey are posedby the system. Sucha dialog is called a system-initiateddialog as
the initiative resideswith the systemat all times. The seconddialog is system-initiatedill Line 4, whereSallie's
input becomesunresponsie andprovidessomeinformationthat wasnot solicited. We saythat Sallie hastakenthe
initiative of corversationfrom the system. Neverthelessthe conversationis not stalled, the systemregistersthat
Sallie answereda differentquestionthanwas asled, andrefocuseghe dialog in Line 5 to the issueof party (this
time, narraving down the available optionsfrom threeto two). Sallie now respondgo the initiative andthe dialog
progresse$o completethe speci cationof a political of cial. Sucha corversationwherethe two partiesexchange
initiative is calleda mixed-initiativeinteraction[4].

Whatwould be requiredto supportsucha e xibility of interactionatawebsite?It is clearthatsystem-initiated
modesof interactionareeasiesto supportandarethemostprevalentin webbrowsingtoday For instanceawebpage
displayinga choiceof hyperlinkspresentsuchaview, sothatclicking on ahyperlinkcorrespondso Sallierespond-
ing to theinitiative. Thereadercanverify thatthe rst dialogabove canbesupportedy athree-l&el tree-structured
HTML site presentingoptionsfor branchof congressparty andstate.But how canwe supportthe seconddialog,
allowing Sallieto take theinitiative at a website?This is wherespeecttomesin. If Sallie cantalk into the brovser
shecanprovide unsolicitedinformationusingvoicewhensheis unableto make a choiceamongthe presentedhyper
links. In addition,if the systemcanprocesssuchan out-of-turninput, it cancontinuethe progressiorof dialogand
tailor futurewebpagesothatthey accuratelyre ect the informationgatherecver the courseof theinteraction.We
have designednary suchmultimodalweb interfaces,oneexampleis shavn in Fig. 1 andcorrespondso Dialog 2
above.

Flexibility of turn managementi.e., out-of-turninteraction,as demonstrate@bore is only a simple facetof
mixed-initiative interaction.More sophisticatedormsof mixing initiative mightinvolve intentionrecanition, where
the systemaimsto understandhe intentbehindthe users input, not the speci cs (sothatalternatve optionscanbe
pursued)planning wherethe systembreaksdown acomple taskacrossa sequencef smallersubdialogghathave
to becompletedn turn,andnegotiation wherethe systemanduserngyotiateaboutdialog continuationoptions.

Mix ed-initiatve interactionis easily realizablein multimodal contets, wherethe useris given differentinput
paradigmsfor interaction. For instance,in the mobile web browsing contet, usershave a choiceof hyperlink
versusspeechinput. While hyperlinkaccessnust,by de nition, beresponsie to a currentsolicitation,speechnput
caneitherprovide responsie or unsolicitedinformation. It is this potentiallyunsolicitednatureof vocal input that
effectively helpsusrealizemixed-initiative interaction.

Multimodalinterfaceshave beentraditionally studiedfor theirrole in resolvingambiguityandreducingrecogni-
tion errors[30] but we think of themhereaswaysto supportthe mixing of initiative. Thekey requiremento support
thetakingof initiative (by theuser)is to allow the speci cationof unsolicitedinformation.

A corversationakenginesupportingstructuredhyperlink) aswell asunstructureqspeechjnput of all formsis
an ambitiousundertakingand beyond the scopeof this paper Here,we restrictour attentionto only caseswhere
speechis usedto specifyinformationthatwould have normally beensolicitedfurtherin thedialog(e.g.,in Dialog 2



(a) Sallieclicks on "Senator'. (b) Salliesays'Indiana’.

(c) Sallieclicks on "Republican'. (d) Thedialogis complete.

Figurel: A mixed-initiative interactionwith a multimodalwebinterface. Notethatafterstep(b), ‘Independents's
removedasa possiblechoice,indicatingthatthereareno Independenpoliticiansin Indiana.



above, Sallie suppliesinformationaboutstatein Line 4, whereast is normally speci ed afterparty). We amguethat
eventhis simple “out-of-turninteraction' capabilityhelpssupportpowerful interactionscenariosWe illustrate how
out-of-turnspeectinput canseamlesslygo-exist with a directedform of interactionsuchashyperlinkaccess.

2.1 Out-of-tur n Interaction

We de ne out-of-turninteractionasary interactiorwherethe usersuppliesnput notrequesteét the currentstateof
thedialog(or webpage)but whichwould normallyberequestedt a laterpointin thedialog.

Why is out-of-tur n interaction relevant?

Contectual informationaccessanddelivery is critical to the userexperienceand hastypically beenstudiedalong
dimensionsuchaslocationawarenesge.g.,situatinginformationaccordingto geographicalocation),userpro les
(e.g.,rememberingersonatletails),andpersonalizatiorfe.g.,recommendingontentbasedn prior behaior). Out-
of-turninteractionis anotherapproachto demonstratingontext, becauseét exposesdependencieandrelationships
in away thatreconcileghe users mentalmodelof the taskandthe system$ modelingof the problem.For instance,
usingout-of-turninteractioncapability theusemoticesthatchoiceof state(Indiana)affectsfuturechoicesof party It
is hencamperatve thatwe accommodatpartialinputfrom theuserin variousways,notjustin somepre-designated
order

How do usersknow what to say?

The questionof what canthe usersay and reasonablyexpectit to be processeds a well-studiedissuein speech
interfaces. As Yananlelovich [45] points out, "the functionality of [voice based]applicationsis hidden,andthe
boundarie®f whatcanandcannotbe[said] areinvisible: Thesemantic®f out-of-turninteractionaremorespeci ¢
thanfree-formspeechinput, becauset merelyallows a dialog's interactionsequencéo be realizedin a different
order Therearevarioussolutionsto this problem,mary of theminvolving the carefuldesignof promptingstratejies.

How can we support out-of-tur n interactions?

A typical approacho implementingmixed-initiatve dialogsinvolves anticipatingpointswherethe usermight take
theinitiative andhardwiringmechanismso “trap' andprocesserutterancesUnfortunatelythis approactbecomes
cumbersomén task-orientedlialogs(e.g.,makinga ight resenation) wheretherearesubdial@s wherethe scope
of mixing initiative mustbe restrictedat variouslevels. Whatis neededs an approachwherewe canspecifythe
structuralorganizationof thedialogindependendf how the mixing of initiative is supposedo happen.

Can we specify mixed-initiati ve dialogsindependentof the modality of interaction?

In additionto separatinglialogstructurefrom how the mixing of initiative can/shouldhappenwe mustcontendwith
the multiple modalitiesof interactionpossible. The recentpopularity of devicessuchasBlackberrysandthe avail-
ability of traditionalapplicationg(e.g. addres$ook, email, calendar)on thesedeviceshave reirvigoratedresearch
on dialog notations,especiallywith an eye toward separatingJl detailsfrom dialog structure. In the multimodal
web contet, a usefulgoalis to ensurethatthe notationis independenof the particularmodality (e.g.,voice versus
clicking) usedfor interaction.ls this possible?And if so,have we learnedsomethingn the processhatmightapply
to therepresentationf dialogsindependentlyf presentationanwe applythe sameprinciplesfor multi-platform
dialogrepresentations?



3 Spoken SystemsReseach

A spolendialogsystemcanbe de ned asonein which computersaandhumansnteracton a turn-by-turnbasis,and
in which spolennaturallanguageplaysanimportantpartin thecommunicatiorj25]. Althoughspeechs theprimary
(or only) meansof interactionin the projectssuneyed here theseprojectsprovide usefulinsightinto how they have
tackledproblemssuchasdialogrepresentatioanddialogmanagementThesuney is necessarilyrief; it only covers
thoseefforts that have direct relevanceto the typesof applicationsconsiderechere(multimodalweb browsing) or
canhelpcontrasthe speci ¢ solutionproposedn this paper

3.1 Dialog Management

In the view of [25], a dialog managemplaysrole of a mediatorbetweenthe userand an external application(for

exampleaninformationsystemlik e adatabasegr aknowledgebaseo supporiproblemsolving). It mustdeterminef

sufcient informationhasbeenobtainedrom theuserin orderto enablecommunicatiorwith anexternalapplication,
performthe actualcommunicationandthenreturnthe resultsbackto the user In doing so, it musttacklea variety
of problems:

Natural language processing:Therecognizeditterancemustbe parsedo determinevhatthe usersaid. The
strat@y could be assimpleaskeyword matching,or the dialog managemay usesophisticatealgorithmsto
parseandunderstandhe utterance.

Badly formed, or unrecaynizedutterances: A dialog managemay usesuchstratgies as speechact analy-
sis[44], discoursecontet, usermodels,anddialog structurein orderto interpretthese.ln the caseof failure,
the systemmayfall backon methodssuchasspellingmodeor touch-tonanput.

Veri cation strategy: A dialogmanagemustalsodecideuponaveri cation stratgy for utterancesVeri ca-
tion may be explicit ('Did you saythis?') or implicit asin having the systemincorporatethe users utterance
in the next promptit plays.

Intentionrecanition: Thisinvolvesdeterminingvhattheuseris trying to dobasednthecurrentlyrecognized
utterance.

Dialog contol: The dialog control stratey is a further critical issueand varieswith the compleity of the
application.This involvesdecidingwhatthe usermay sayor not say andwhatto do atthe next turn.

3.1.1 General Strategy

Accordingto Souvignieretal. thegeneralkstratgy followed by a dialogmanagein a spolen systemis oneof slot-

lling [41]. In asystem-dnendialogonly valuesfor speci ¢ slotsareacceptedwhereasn amixed-initiative dialog,
theuseris allowedto supplymuchinformationashewants,possiblywith valuesfor slotsnotin the systemprompt.
Thetaskof the dialogmanagethusis to || asmary slotsto meetthe users dialog goal, while keepingthe dialog
asshortaspossible. The dialog manageiconsultsthe databasefter eachturn to determineif moreinformationis
required. If so, it determineswhich item is to be requestedand may usesuchheuristicsas “solicit input for the
slot with the maximumdisambiguatiorpotential”in the process.In their paper Souvignieret al. alsomentionthe
highlevel dialogdescriptionianguagd7] which allows designerso specifytask-speci caspectsik e slot-de nitions,
guestionsandveri cation stratgiesin adeclaratie way.



Consistencyvithin theturn: Theutterancemay not containtwo differentvaluesfor thesame
slot, unlessoneof themis negated.Also, utterancesvith valuesfor differentslotsthathave
no matchin a consulteddatabasarerejected.

Consistencyvith systenprompt: Correctiongo itemsnotoccurringin the systenpromptare
notaccepted.

Consistencyvith systenbelief: Interpretationshatdo notreferto avalid databasentryafter
beingcombinedwith currentsystenbeliefarerejected.

Figure2: Consisteng criteriathatmaybeappliedby thedialogmanagef{41].

3.1.2 Dialog History

A dialog consistsof informationthatis built-up over several turns, so later utterancesnight containa referenceo
earlierones. This dialog history canbe usedin variouswaysin dialog systemst rangingfrom consisteng checks
to ensurethatthe userisn't contradictinghimself, to switchinglanguagemodelsbasedon the history An example
givenin [41] is adirectorysystemwherethe usersays‘Give mehis e-mail” In sucha case the systemmustlook
up thedialoghistoryandattemptto Il uptheslot his: Fig. 2 shavs threetypesof consisteng checksthatmaybe
appliedwithin adialog(reproducedrom [41]).

Theauthorsgive the exampleof their PADIS-XXL systemwhich maintainsmultiple systembeliefsby keeping
track of N-bestlists, holding valuesfrom differentdialog turns. At ary giventime, the active part of databasés
restrictedto onewhich containsthe N-bestlists. However this stratgy is only applicableto speechrecognizerghat
areableto provide suchlists of recognizeditterancesogethemwith associatedon dences(e.g.,statistically-based
suchasusinghiddenMarkov models).

Thedialogmanagecanalsolearnasit interactswith anumberof users.For example,in [23] theauthorspropose
areinforcementearningapproacho learningthe optimumdialog sequencdyy observingealusersnteractwith the
system.

3.2 Dialog Modeling

As thecompleity of spolendialogincreasest becomesisefulto modelthedialogmanages behaior analytically
In thissectionwe review two analyticalmodelsfor dialogmanagemerthatsupport e xible mixed-initiatve dialogs.

3.2.1 Construct Algebra

Abella and Gorin [1] proposean analyticalmodelfor spolen dialog managersising an objectorientedapproach.
They proposeencodingtask knowledgeinto objects. The objectsare organizedinto an inheritancehierarchythat
de nestherelationshipghatexist amongtheseobjects.This taskrepresentatiorof thedialogis ananalyticalrepre-
sentatiorof the structureof thedialog.

Thedialogmanagenow usesa collectionof dialog motivatos thatexploit thetaskknowledgeencodedn thisin-
heritancehierarchyto controltheprogres®f thedialog. A setof methodsandoperatoroperateontheconstructsand
togetherform a construct-algbra. The authorsidentify six relations(equality restriction,containmentgeneraliza-
tion, symmetricgeneralizationandcontainmengeneralizationjhatapply to Constructsandthreemain operations
(union, projection,union of heads).This construct-algebraasbeenemplg/edin two very differentspolen systems
— How May | Help You?[16] andVoice PostQueries[11]. With the analyticalmodelfor the dialog de ned, the
systemusesthe dialog controlstratg@y shavn in Fig. 3 until acompleteconstructis obtained which meanghereis
no furtherneedfor adialog.



Repeat
Forall dialogmotivatorsDM
ifDM; appliesto c
PerformactionDM; ¢
Apply Dialog Managerto getc'
Using ConstructAlgebra
Combinec andc' intoc
Until no motivatorapplies
Returnc

Figure3: Dialog controlstratgy from [1].

Theauthorgive usafew examplesof motivators- the disambiguationmotivatordetermine$ therearecon icts
in the usersinput, while "missinginformation' decideswhat piece of information shouldbe solicitedin orderto
completethe transaction. Databasejuerying' is a motivator that decideswhen the systemhasacquiredenough
informationto beableto querythe databaséor somerequestednformation. Construct-Algebras thusa high-level
framework for a dialogmanageandcanmanagadialogsinvolving mixed-initiatve interaction.

3.2.2 History, Domain Objects and TaskHierarchy (HOT)

TheHOT framawvork [17] is speci cally targetedat the developmentof mixed-initiative dialog systems.n orderto
develop a dialog systemwith this framework, a developermustspecify a task hierarchy(which includesthe setof
taskstogethemwith their parameter®rganizedin a hierarchy),a setof domainspeci ¢ objects,andthe interaction
modalitiesassociatedavith thetasks.A taskis a unit of work for a dialog systemandthusthe task-hierarchyorms
a planfor the dialog. Five relationshipsanbe speci ed betweenthe tasksin the hierarchy They are subtasking,
ordering,cardinality inheritance andsubdialog.The taskat the root of the hierarchyprovideswaysto managehe
dialog, handlecon icts, anddisambiguatéhe users utterance At eachturn, the users inputis scoredto determine
whattaskthe userintendsto work on. This taskis saidto ‘receve focus. Thefocusmodelcontrolswhich taskmay
receve focus, henceidenti es the opportunitiesfor mixed-initiatve interaction. Barring con icts, the framewvork
commencegxecutionof thetaskin focus. Within the root task, the developermustspecifysuchdialog aspectas
how to respondf thereareno moretaskseligible for focus,andthe variousback-endshedialogsystenuses.

Taskfunctionalitymaybe catgorizedaspre-backndandpost-backnd[17]. Pre-backndfunctionalityincludes
assessmerandcon rmation of variousparameterso be sentto the back-endandpost-backnd functionality acts
uponthe baclend outcome(requestingurther constraintscommunicatinghe outcome). At every turn, the HOT
frameavork maintainsthe dialog history which includessystemprompt, userinput, and the resultsof eachturn.
Accordingto the authors,the dialog-historysenes as a task-stackasit corveys the setof tasksthat have been
performed.

3.3 Markup Languagesand Standards

While researcthasdemonstrategroof-of-concepvoice andmultimodalapplications|arge-scaleadoptionof these
technologiesequiresindustry standardgor suchtechnologiesandrobustimplementation®f thesestandardsThe
World Wide Web Consortium(W3C) is overseeinghe standardsfforts of industry-leadershroughits numerous
working groups. While advanceshase beenmadein speechrecognitiontechnology the recognitionof free-form
speechis still errorprone,and bringswith it the much larger problemof interpretingthe users utterance. Thus
a commonthreadthat runsthroughall attemptsat voice-enabledtandardss the useof speech-grammasuchas
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the SpeechRecognitionGrammarSpeci cation[19] in orderto constrainthe speech-recognizefhe problemof
understandinghe users utterancebecomesasier asthe developeronly hasto look for wordsthat are part of the
speci edgrammar

3.3.1 Voicestandards

VoiceXML [14] is a popularstandardfor creatingvoice-responsapplications. A VoiceXML documentcan be
viewed asa nite-state machine(FSM), wherethe usermustbe in one of the states(correspondingo dialogs).
Transitiongn thisFSMarerepresentedy URI references$o otherdialogswhich maybewithin thesameVoiceXML
documentor links to otherdocuments.Voice XML provides supportfor two kinds of dialogs- forms and menus.
Formsprovide informationto the user collectthe resultinguserinput andinterpretthe meaningof the input using
XML grammars. Menusallow the userto navigate througha seriesof alternatve choices,and allow the userto
transitionto otherdialogswhichmaybein thesame por in differentdocumentsSubdialogsllow theuserto transition
to anothedialog,andreturnwhen nished (like afunctioncall). A sub-dialogmightcon rm ausersactionor handle
speci c tasks.Developerscancreatdibrariesof reusablesub-dialogdor performingrecurringtasks.

Thedialogmodelof Voice XML canbeusedto createsimpledialogsandinteractionsequencesSysteminitiated
dialogsarecreatedoy activating only the grammarcorrespondingo the currentlyexecutingdialog. Simple mixed-
initiative applicationsare createdby activating other grammarsin additionto the grammarcorrespondingo the
currentlyexecutingdialog. A simpleexampleof a mixed-initiatve dialog would be for the documento actvatea
form-level grammar This would allow the userto specifyary itemin theform irrespectie of whetherthe systemis
currentlysolicitinganutterancdor it. VoiceXML usesheForm Interpretatiomlgorithm (FIA) to interpretthevoice
dialogsdescribedy thedocument.The FIA permitsmultiple slotsto be lled asaresultof auserutterancehence
it permitsout-of-turnandin-turn interactionat the sametime.

<vxml version="1.0">

<form>
<field name="branch">
<prompt>Would you like information about
a Representative or a Senator?</promp t>
<grammar src="politics. gr an'
type="applicatio n/ x- js gf "/>
</field>
<block>
<submit next= "http://newpage/ process. jsp "/ >
</block>
</form>
</vxml>

Figure4: A simpleVoiceXML documentdaptedrom [10]. Noticethatagrammarle is associatedvith aprompt,
yieldinga x ed-initiative application.

Figure 4 is a simple example of a VoiceXML document. It permitsthe userto selecta choiceof branchof
congressandwhenthe users utterances recognized submitsthe form to the next pagein the application. The
documentreferencesan external JSpeectgrammar le [18] (politics.gram)which containsthe list of words for
recognition.A morecomplicatedexampleof a VoiceXML documentthat permitsmixed-initiatve, resultswhenwe
specifyaform-level grammar(not shavn here)in thedocument.

1At thetime of this writing, a new version(2.1) of the VoiceXML standards beingproposed37].
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3.3.2 Multimodal standards

As explainedearlier the interactionin todays web browvser can be characterizedis predominantlysingle mode

(mouseprndsysteminitiative. W3C, throughits Multimodal InteractionActivity grouphasbeendevelopingstandards
to extendthis userinterfaceto permitmultiple modesof input, suchasvoice, keypad,keyboard,mouseor gestures.
Thework of this groupis still in its infang, but they have alreadyde ned requirementg$or suchstandards.Some

work hasalreadybeendonein multimodalstandardsFor example,SynchronoudMultimedia IntegrationLanguage
(SMIL) is onetechnologythat hasemepged from underthe auspicesf the W3C. It permitsintegration of input

receved from a variety of modalities. Two speci cationsfor multimodalwebinterfacesarealsocurrentlyavailable

throughtheW3C + X+V (XHTML + Voice)andSALT (SpeectApplicationLanguagerags).

XHTML+V oice(X+V)

XHTML+V oice (X+V) [8] is aspeci cationproposediy IBM, Motorola,andOperaSoftware. It combineghe best
featuresof theleadingstandardsn web-presentatioandtelephoy - XHTML andVoiceXML. VoiceXML includes
several featuresas a standalondanguagethat are not requiredfor multimodalusewith XHTML. As a result,the
designerof X+V modularizedvoiceXML 2.0, creatingplatformspeci ¢ moduleso matchapplicationdeployyment
environments[8]. X+V makesXHTML thehostlanguageandusesthe modularizedversionof Voice XML consist-
ing of only thosemodulesthatarerelevantfor web-basednultimodalpresentationThe Voice XML modulesomitted
from X+V includesuchmodulesasVoiceXMLstandalongVoiceXMLforms andVoiceXMLmenusheitherof which
arenecessarjor multimodaluse.Thusanumberof VoiceXML elementsuchasobject,menu,vxml, meta transfey
anddisconnecareabsenin X+V. In adoptingmostof VoiceXML's featuresthe majordesignrationalefor X+V has
beento reducethelearningcune for thelarge pool of webdeveloperswho arealreadypro cient in VoiceXML. The
XML-eventsspeci cation[24] is usedfor eventmanagemenin X+V. The documentimportsnamespacesom all
threespeci cations(XHTML, VoiceXML andXML-events).

SALT

SALT is a speci cation designedoy the SALT Forum led by Microsoft Corp. thatis alsotamgetedat multimodal
devices. It offers a lower level API than doesX+V [34] andintegrateswith the DocumentObject Model [6] of
HTML. The SALT speci cationcontritutesa setof XML tagsto HTML. They include<listen>  for speechnput,
<prompt> for speectoutput,<dtmf> for touch-tonénput,and<smex> for platformmessagingo enableplatform
call-controlandtelephon features EachSALT taghasthe ability to triggerevents,anddevelopersmustwrite code
usingscriptingto handletheseavents.Developersapplythis event-driven modelcomprisingscripting, HTML, SALT,
andSRGS(SpeechRecognitionGrammarSpeci cation;[19]) in orderto write speech-enabledebapplications As
aresultof the lower level API, SALT applicationsmay provide developerswith control over interactionata ner
level of granularitywith the caveatthatthe scriptingnecessaryor dialogcontrolmaygetmessy

An importantdistinctionbetweerthetwo technologieX+V andSALT is thatX+V hasthenotionof adialog. Just
like VoiceXML, X+V allows developergo createsimpledialogswithin aXHTML webpage.TheFormIinterpretation
Algorithm (FIA) is usedto interpretthe dialog. Web developerscanwrite formsinterpretedoy the FIA anddo not
needto provide ary high level dialogmanagemenbgic within the page.SALT have absolutelyno notion of dialog
control, and all dialogsmustbe explicitly scriptedby the developers. SALT and X+V are otherwisefunctionally
identical.

Supportfor mixed-initiatve interactionin both SALT and X+V is identical to VoiceXML, and henceis not
discussedn this suney. Thereadeiis referredto the W3C speci cationdocumentgor SALT [39] andX+V [8] for
moreinformationon how they supportMIl. SeealsoTablel for acomparison.
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Tablel: Summarytableof threeXML basedspeechiechnologies.

Criterion VoiceXML X+V SALT
Supportfor webinterfaces None ThroughXHTML ThroughHTML
Standardizatiostatusat W3C | Recommendation Note Submitted
Supportfor dialogs FIA FIA Scripted
Level of the API High-level High-level Low-level
Eventhandling Dialog-based XML-events ScriptsandDOM
Mix ed-initiative interaction Supported Supported Supported
Designgoals Easeof use VoiceXML compatibil- | Flexibility

ity

4 BasicApproach

While technologiessuchas SALT and X+V enablethe augmentatiorof speechinto browsers,they eitheroperate
at a lower level of speci cationthanthe applicationsconsideredhere,hencesigni cantly increasingorogramming
effort, or areotherwisdimited in their expressie power for creatingandmanagingdialogs[34]. A multimodalweb
applicationmustbuild on thesetechnologiedo provide e xible dialogcapabilities.

Besidestheissuesraisedin Table1, several considerationgmege in thinking abouta software systemdesign
for multimodalweb interaction.First, it is importantto have uniform processingf hyperlinkandvoice interaction
and,whenvoiceis used o introduceminimal overheadn handlingresponsie versusunsolicitedinput. Obsene that
hyperlinkaccessanonly be usedto respondo theinitiative whereasvoice input canbe usedbothfor responding
andfor takingtheinitiative. Furthermorea usermay combinethesemodesof initiative in a given utterancet e.g.,
in Fig. 1, if theuserspeaksRepublicanSenatoMinnesota’atthe outsetheis respondingo the currentsolicitation
aswell asproviding two unsolicitedpiecesof information. Uniform processingf input modalitiesirrespectie of
medium(hyperlink or voice) or initiative (responsie or unsolicited)is thusimportantto supporta seamlessnulti-
modalinterface.Secondit is bene cial to have arepresentatioof thedialogatall times,in orderto determinenow
theusersinputaffectsremainingdialogoptions.Forinstanceijn Line 5 of Dialog 2 above, Independentareremoved
asapossibleparty choice;in additionto pruningthe hyperlink structure(shavn in Fig. 1(c)), we mustdynamically
recon gurethe speectrecognizeto only await theremaininglegal utterancesThird, it mustbe possiblefor the site
designetto exert ne-grainedcontrol over whattypesof out-of-turninteractionsareto be supported And nally, it
is desirableto be ableto automaticallyre-engineeexisting websiteor multimodalout-of-turninteraction without
manualcon guration.

4.1 Dialog Representation

We have designeda framework taking into accountall theseconsideration$40]. It is basedon staging transfor
mations[12] + anapproachhatrepresentslialogsby programsandusesprogramtransformationsgo simplify them
basedon userinput. As anexample,Fig. 5 (left) depictsa representatioof the dialogfrom Section2 in a program-
maticnotation.Thehierarchicahatureof thewebsiteis representedsa nestedorogramof conditionalswhereeach
variablecorrespondso a hyperlinkthatis presenin the site. We canthink of this programasbeingderived from a
depth- rsttraversalof thesite. For Dialog 1 of Section2, the sequencef transformationgn Fig. 5 depictswhatwe
wantto happenFor Dialog 2 of Section2, thesequencef transformation# Fig. 6 depictswhatwe wantto happen.
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if (Representaie)
if (Democrat)
if (California)

if (Independent)
if (Republican)
if (Senator)

if (Democrat)
if (Indiana)

if (Democrat)

if (Indiana)
if (Independent)
if (Republican)

if (Minnesota)
/* Norm Colemart/

if (Minnesota)
/* Norm Colemary/

if (Indiana)
/* RichardLugar*/

/* Norm Colemart/

if (Independent)

i?(lndiana)

if (Republican) /* RichardLugar*/

if (Minnesota)
/* Norm Colemary/

i?(lndiana)
/* RichardLugar*/

Figure5: Staginga system-initiatedlialog usingprogramtransformationsThe userspeci es('Senatal "Republi-
can, ‘Minnesota’),in thatorder This sequencef transformationgorrespondso Dialog 1 of Section2.

if (Representate)
if (Democrat)
if (California)

if (Independent) if (Democrat)

if (Republican) if (Indiana)

if (Independent) if (Democrat)

if (Senator)
if (Democrat)
if (Indiana)

if (Republican) /* RichardLugar*/

if (Minnesota)
/* Norm Colemart/

if (Republican)
/* RichardLugar*/

if (Independent)

if (Indiana)

if (Republican) /* RichardLugar*/

if (Minnesota)
/* Norm Colemart/

if (Indiana)
/* RichardLugar*/

Figure6: Staginga mixed-initiatve dialog usingprogramtransformationsThe userspeci es('Senatal “Indiana,
"Republican'),in thatorder This sequencef transformationgorrespondso Dialog 2 of Section2.
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The rst sequencef transformationgorresponds$o simply interpretingthe programin the orderin whichit is
written. Thus,whenSallie clicks on “Senator'sheis specifyingthe valuesfor the top-level of nestedconditionals
("Senator'is setto one,and "Representate' is setto zero). This leadsto a simpli ed programthat now solicits
for choiceof party The sequenc®f Fig. 6, on the otherhand,correspond$o “jumping ahead'to nestedsegments
andsimplifying out inner portionsof the programbeforeouter portionsare even speci ed. This transformations
well known to be partial evaluation a techniquepopularto compilerwriters andimplementorsof programming
systemg20]. In Fig. 6 whentheusersays Indiana'atthesecondstep the programis partially evaluatedwith respect
to thisvariable(andvariabledor otherstatessetto zero);thesimpli ed programcontinuedo solicit for party, but one
of the choicesis prunedout sinceit leadsto a dead-endNotice thata given programwhenusedwith aninterpreter
correspond$o a system-initiatedlialogbut morphsinto a mixed-initiatve dialogwhenusedwith a partialevaluator!

Thisis theessencef thestagingtransformatiorframevork: usinga programto modelthe structureof thedialog
and specifyinga programtransformerto stageit. Notice that this achiezes our crucial goal of separatinglialog
structurefrom the speci cationof mixing of initiative. We write the rst dialogas:

I
branch party state

wherethel denotesninterpreteri.e.,thetop portionof thespeci cationindicateghe stagerandthebottomportion
indicateshe slotsover which the stageroperatesSimilarly, the seconddialogis representeds:

PE
branch party state

wherethe PE denotesa partial evaluator An interpreterpermitsonly inputs that are responsie to the current
solicitationandproceedsn astrict sequentiabrder;it resultsin the mostrestrictive dialog. A PE,onthe otherhand,
allows utterance®f any combinationof availableinputslotsin thedialog. It is themost e xible of stagers.

We will introducea third stager calleda curryer (C) that permitsutteranceof only valid pre xesof the input

arguments.Thedialogrepresentetly
C

branch party state

allows utterancef either brancH, or ("branch, “party"), or Cbranch, "party “state’).In otherwords,if we aregoing
to take theinitiative ata certainpoint, we mustalsoansweithe currentlyposedguestion.

Thesestagercanbe composedn a hierarchicafashionto yield dialogscomprisedf smallerdialogs,or subdi-
alogs.Thisallowsusto make ne-graineddistinctionsaboutthe structureof dialogsandtherangeof valid inputs.In

this sense,
PE

Q
e
(g
o

is notthesameas

jv)
m

E
ab cd

Theformerallows all 4! permutation®f f a; b;c; dg whereaghelatterprecludesutterancesuchas cabd

At thispoint,thereademwill noticethatwe have alreadyseparatetheslotsin the dialogfrom how thedialogwill
be staged We caneasilyprototypenew dialogsby usingthe basicelementsabore, for instancea pizzadialog:

o
m
|'U

PE
stc

whichindicateghatthe dialogis comprisedf promptss (for size),t (for topping),andc (for crust). Consideramore
complicateddialog,involving orderingbreakastover a hotel service.Let us supposehatthis involvesspeci cation
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of af eggs,coffee,bakeryitemg tuple. The usercanspecifythesetemsin ary order but eachiteminvolvesasecond
clari cation aspect.After the userhasspeci ed the choiceof eggs,a clari cation of “how do you like your eggs?'
might be needed Similarly, whenthe useris talking aboutcoffee, a clari cation of “do you take creamandsugar?'
mightberequired,andsoon. This form of MIl is known assubdial@ invocation[5]. We specifysuchdialogsusing
multi-layeled compositionof constructsandwhich canbe subsequentlgtagedusinga diversemix of stagers.So,

thebreakfstdialogis de ned as:
PE

C C C
e1eC b by

wheree; ; e areegg speci cationaspectsgs ; ¢, areassociatewvith coffeespeci cation,andby; b, specifythebalery
item. Noticethatthedialogstagedoy PEis itself a sequentiatialogcomprisef stagingdy a curryer(C).

The stagingtransformationgramevork also speci es a setof rulesthat dictatehow a (dialog, stager)pair is
to be simpli ed basedon userinput. Notice that this is not as straightforvard asit looks asit might requirea
globalrestructuringpf the representationAssumethat we stagethe breakfstdialog usingthe interactionsequence

CL€e1C ; the occurrenceof ey is invalid accordingto the dialog speci cationabove, but we will not know
thatsuchaninput is arriving at the time we are processing:;. Soin responsedo the input ci, the dialog mustbe
restructuredsfollows:

PE _ C
C C C =) C _PE
e1eCC by cp C _C

ey ez by by
By replacingthetop-level PE stagemwith a C, it becomeslearthatthe only legal input now possiblemusthave c».
Oncethe coffee subdialogis completedthe top-level stagemwill revert backto a PE. Suchdialogrestructuringsre
necessaryf we areto remainfaithful to the original speci cation.

Why is the stagingtransformationspproactuseful?While our actualdialog processingngineis implemented
atopa databaseystem(seebelav), stagingtransformationgonstitutesa powerful representationdasisto design
dialogs:it hasa uniformvocatulary for denotingspeci cationaspectge.g.,eachof theslotsabore couldbe lled via
hyperlinkclicks or voice),it helpsusenforceacceptabilitycriteriaon theinput (by analyzingthe structureof therep-
resentation)andits useof stagerdelpsusspecifythe mixing of initiative in avery precisenanner Noticethatthese
adwantagesrebroaderthandialogmanagemerfunctionality andalsoemphasizeéhe easeof dialogspeci cation.

4.2 DialogXML

In orderto make the stagingnotationmachine-readableye have de ned an XML representationf dialogscalled
DialogXML. DialogXML provides elementsfor de ning the slots associatedvith a dialog, the textual prompts
associateavith eachslot, the accompaying vocal promptsandary taperingof themover the courseof interaction,
con rmatory characteristic§whetherthe users responseneedscon rmation), and constructsor combiningbasic
dialog elementsto createcomplex dialogs. While DialogXML borrows ideasfrom sometagsin the VoiceXML
standard14], thestructureof the DialogXML documenis morecloselymodeledaftertheideaof stagers.

Theroot of a DialogXML documentis the dialog-specelementwhich may have oneor moredialog elements.
Oneof thedialoghasattributeid="top”, andthisis the rst dialogthatis interpreted A dialogmaybealeafdialog,
in which caseit containsa setof dialog-items, or a branchdialog, in which caseit compose®therdialogsusing
the dialog-ref element.An optionalattribute ‘'next' identi es the next dialogin the chainto beinterpreted.Thusan
abstracwiew of the DialogXML documenis oneof alinkedlist of hierarchicaldialogs. Every dialogis associated
with a stagerwhich refersto a programtransformatioroperationthat controlsthe o w of thatdialog. The various
elementgogethemwith their attributesarede nedin Table2.

2It hasbeenrecentlybroughtto our attentionthat thereis a similar technologywith the samename[29]. This work, however, is an
extensionof the VoiceXML standardor voiceinterfacesanddoesnot addressnultimodalinteraction.

14



Table 2: Elementsof DialogXML.

Element Description Attrib utes
dialog-spec| Thisis thetop-level elementof a dia- welcome: The welcomepromptplayedto
log speci cation. The dialog element theuserthe rst time sheviews thepage
is achild of this element.
dialog Thisis thebasicunit of dialogcompo- id: anidenti er for adialog
sition. Theseelementscanbe of two
types - leaf dialogs contain dialog- stager. the stager for the dialog
item elements, while node dialogs (pe/currier/interpretg
composeother dialogs using dialog- , _ ,
ref element. next: theidenti er for the dialogto follow
this dialog;
type: whetheraterminaldialog (leaf/node)
dialog-item | This elements thebasicunit of inter name The nameof the slothariableto be
action, andrepresents variablethat lled.
the systemis soliciting aninput from
theuserfor. con rm: Whetherthe variableneedscon-
rmation.
vprompt | The taperedvoice promptassociated id: Theidentifying numberfor the tapered
with eachdialog-item. Qneor more prompt. Promptsareplayedby order
vprompts can be associatedwvith a
dialog-item andareplayedin orderof text The text associatedwith the voice
theid attribute. prompt
tprompt The text promptassociatedvith each text Thestringfor thetext prompt.
dialog-item. Eachdialog-item may
have only onetext prompt
dialog-ref | A referenceo adialog-item element. link: Thevaluefor theid attributethatthis

This elementmay be usedasa child
of the elementdialog if the dialogis

of typebranch.

dialog-refis pointingto. Mustbeavalid id
for adialog-item.
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<?xml version="1.0" encoding="UTF-8 "?>
<dialog-spec>

<dialog id="top" stager="pe" next=""  type="leaf">
<dialog-item name="topping" confirm="yes"/ >
<dialog-item name="size"/>
<dialog-item name="crust" confirm="yes"/ >
</dialog>

</dialog-spec>
Figure7: DialogXML documenfor apizzadialog.

Fig. 7 isasimple,barebonesxampleof theDialogXML notationusedby the out-of-turninteractiormanagement
systemlt is equivalentto the mathematicaiepresentatior;ni—c. It is aleafdialog,anddoesnot have a next dialog.

A morecompleteexampleof the sameDialogXML includesthe varioustext andvoice promptsthatare played
whenthe dialogis staged.An expandedversionof the DialogXML for the samepizzascenarias shavn in Fig. 8.
Notethateachdialog-itemcanincludemultiple voice prompts.Thesearetaperedsoice promptsthatareusedin case
thereis anerrorrecognizingheusers utterance.

4.3 Software Ar chitecture

Dialogsde ned in DialogXML canbe renderedn eitheran applicationweb portal (suitablefor small form-factor
handheldspr avoice portal(suitablefor acceswia cell phones) Bothrealizationsanalyzehecurrentstructureof the
dialogateachstep,anddeliver appropriatecontentto a client multimodalbrowser In the caseof thewebportal,the
contentis deliveredasHTML augmentedvith SALT (SpeectApplicationLanguagerags)markupandin the caseof
the voice portal, the contentis deliveredusingVoiceXML. Basedon userinput, the portal simpli es the dialogand
presentpersonalizedontentjncludingfacilitiesfor continuingthedialog.

An integratedsoftware framevork for this purposeis shawvn in Fig. 9. Operationallyit can be divided into
four modules: (i) seedingdialog representationd(ji) stagingdialogs, (iii) input and output processingand (iv)
databaseonnectiity. The ideaof seedingdialog representations to take a dialog speci ed in our DialogXML
notationand createan internal representationsuitablefor staging. The stagingtransformatiorframework is then
usedto handledialogmanagementThe embodimenbf thesedialogsmustcontendwith voicerealizationshencea
signi cant portionof theframeawvork is devotedto generatinggrammargor speecloutputandvalidatingvoiceinput.
The frameavork currentlyusesthe SALT and SpeechHRecognitionGrammarsstandard$o handlevoice interaction.
Finally, the databas@perationanodulemanagesandstreamlineghe delivery of content. Every end-applicationis
organizedasa databas¢hatthe userinitially selectdor explorationvia mixed-initiatve interaction.Eachrecordin
thedatabaséenti es a uniqueinteractionsequencaccordingto the variousaddressablattributes.

Whentheinteractionbegins, the dialog manageusesthe parsedialogXML andmetadatdrom the database¢o
initialize therepresentationl hedialogmanagemustthendecidewhatcontentto presenttheitemsto offer theuser
for selection,andthe speechpromptsto play for the currentslot. In addition,the dialog managemustdetermine
what aspectghe usermay specify out-of-turn. Throughan analysisof the dialog representatiomnda setof SQL
gueries,it determineghis informationandgenerateg HTML pagethat containsrelevant SALT XML objectsand
referenceso a suitablygenerate(6RGSgrammayor a VoiceXML document.The grammatidenti es all thelegally
speakablaitterancesor the displaeddocument.

Userinput from arny modality (currenthyperlink and speech)s uniformly handledby the UtteranceValidator
moduleof the system.Uponreceving anutterancdrom the user themodule rst determinesvhetherthe utterance
containsllings for multiple slots,andwhetherthe utterances valid. If partor whole of the utterancewvasinvalid,
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<?xml version="1.0" encoding="UTF-8 "?>
<dialog-spec welcome="Welcom e to Joe's Pizza">
<dialog id="top" stager="pe" next=""  type="leaf">
<dialog-item name="topping" confirm="yes">
<tprompt text="What topping would you like for your pizza?"/>
<vprompt id="1" text="What topping would you like?"/>
<vprompt id="2" text="I'm sorry, | didn't understand  you.
What topping would you like again?"/>
<vprompt id="3" text="I'm having trouble  understanding you.
Please try again, or click on the
topping of your choice"/>
</dialog-item>

<dialog-item name="size">

<tprompt text="What size pizza would you like?"/>

<vprompt id="1" text="What size would you like?"/>

<vprompt id="2" text="My fault, please tell me what size you'd like."/>
</dialog-item>

<dialog-item name="crust"/>
<tprompt text="Please select a crust for your pizza"/>
<vprompt id="1" text="Tell me what crust you would like."/>
<vprompt id="2" text="l didn't understand. What crust do you want?"/?

<vprompt id="3" text="My fault again. Please select a crust."/>
</dialog-item>
</dialog>
</dialog-spec>

Figure8: CompleteDialogXML for the examplepizzasite.

thenthe systemacceptghe valid utterancesandrejectsthe invalid utterances An appropriatepromptis displayed
andplayedto the user Having tokenizedthe users utterancento its constituentllings, the dialog managethen
callsthe stagingtransformemith the valuesfor the llings in the orderthey werereceved. After therepresentation
is simpli ed, thedialogmanagenppliesa suiteof dialog motivatos [1] (discussedbelon) to thedialog. If thedialog
is not completedcontentcreationandspeectgrammairgeneratiorresumes.

Theseaspectarediscussedn detailnext.

4.3.1 SeedingDialog Representations

Recallthatthe program'scripts'in the stagingtransformationspproachdo not de ne the dialog o w, they merely
capturghestructureof thedialog. Dialog controlis operationalizedisingprogram-transformatiotechniquesywhich
aresaidto stege thedialog. A setof rulesareusedto systematicallyeducethe dialogrepresentationsingprogram
transformatiorsequencesTheserulesarereproducedrom [12] in Fig. 10. For purpose®f brevity, rulesinvolving
interpretation(l) arenot shavn.
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Figure9: Mix ed-initiatve interactionframework architecture.

In orderto facilitatethe descriptionof theserules,the following notationis used.

PE
X
This expressiorrepresents dialogscriptX beingstagedwith a partialevaluator Likewise,

C

X
representslialogscriptX beingstagedwith acurryer In eachof thesenotationsthe X couldbeeither:

(a:mT)

meaninghatthedialogscriptis a simplescriptconsistingof oneattribute a to beinputfrom theuser andthata is of
aprimitive inputtype T. An exampleof a primitive inputtypeis a partynameor a branchof congresspeci cation.
Suchadialogscript,givenanappropriaténput a, would be simpli ed by rule2to , theemptydialog. In addition,
X couldbe:
(x : PEJCJT)

meaningthatthe dialog scriptcould be oneof threeoptions: (i) a comple scriptbeingstagedoy a partial evaluator
(PE), (i) acomple scriptbeingstagedoy acurryer(C), or (iii) asimplescriptwith oneattribute asdescribedabove.
We alsousetheKleenestaroperator to representepetitionsof thesebasictypes.Precedencmattersvhenapplying
therulesin Fig. 10 sothey areshavn in orderof decreasingrecedence.

As anexampleof theserulesin operation)et us stagethe breakbstdialog presenteaarlierandassumehatthe
usersinputarrivesin theorder:.fcy; ¢p; br; €1; Ip; €1; 0. Notethatthe rst occurrencef e; is aninvalid input. The
sequencef transformationareshavnin Fig. 11. Each=) in Fig. 11 describestransformatiorbasednuserinput
andeach ! describessimpli cation of thedialogstructure.Therule numberdrom Fig. 10 areshavn alongside
thereductions.

4.3.2 An Ef cient StagingAlgorithm

In orderto stagedialogs,the systemusesan interpretationof the stagingtransformatiorrulesdescribedn Fig. 10
tailoredto operationgperformedon the XML DOM representationThe algorithmthatis usedto procesghe users
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Figure10: Reductiorrulesfor curryingandpartialevaluationstagersAdaptedfrom [12].

utterancas speci edin Fig. 12. Thisalgorithmis possiblyexecutedmultiple timesfor multiple userutterancesThe
algorithm res thecomplete-dialogvent(explainedlater)whenthe users dialogis complete.

Whenthe userselectsa databasé¢o explore, the systenretrievesthe DialogXML correspondingo the database
andparseshe document.The DialogXML canbeviewedasa linked list of trees,with eachtreecorrespondingo a
hierarchicallystageddialog. Thelist of dialogsarestagedn the sequencehey areparsed.As aresult,the system

rst stageghe rst dialogin thelist. The systemmustnow identify whatquestionto askthe user andwhattheuser
may sayin responseo the question.This is doneusinga recursve pre-processingtepthatis depictedin Fig. 13.
As aresultof this step,the systemnow knows whatitemto offer the useraspartof the system-initiatedlialog. This
item, togetherwith legal valuesthat be usedas lling for thatitem, is sentto the HTML+SALT generatomwhich
generatevalid HTML for the page. The HTML pagealsocontainsSALT markupidentifying a URI that contains
the SRGSgrammai{19] thatde neswhattheusermaysay The setof itemsthatcanbe said,togethemwith a data-
structurerepresentationf thegrammaistructures sentto the Grammaigeneratqrwhich generatethegrammarle
on demandDetailsaboutgrammargeneratiorarecoveredlater

Uponrecognitionof theusers utterancethe SALT-compliantorovsersubmitstherecognizeditteranceo the Ut-
terancevalidatorusingtheHTTP POSTrequestThevalidatortokenizegheutterancentoits constituenslot/ llings,
sendghemto the stagerswhich employ the dialog stagingrulesto procesghe representatiosequentially Multiple
passeshroughthedialog-processinglgorithmmaybe madeif multiple utterancesverereceved from theuser The
dialog sequencendswhenthe null dialog ( ) is reachedpr if the userhasexplicitly requestedhatthe dialog be
ended,andthe collect resultsoperatorbe invoked. In sucha case the systemtransferscontrol to the view-results
module,which displaysdetailsaboutthe collectedresults.
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Figurell: Inputinducedransformationsnthebreakfstdialog. Thetransformatiorwhererule 7 is appliedindicates
aninputthatcouldnot Il arny currentlyapplicableslot,andwould presumablyeadto anerrormessageyut doesnot
resultin asimpli ed dialog.

4.3.3 Dialog motivators

The only aspectof the architectureto be coveredare the dialog motivatorsand the grammargenerators.Dialog
motivatorsareusefulnuggetof processindhathelp streamlinghedialogat every userutterance We usefour main
motivators:

1. prune-dialog: This motivator decidesif the internaldialog representatiorran be prunedasa resultof the
previous utteranceby the user For example,if a useris interestedn "New York' and Senatorsthereis no
longera needto promptfor party sincebothsenatorgrom New York arefrom the DemocratidParty. Thusthe
partyslotcanbeautomaticallylled with "Democraatandremovedfrom thedialogrepresentation.

Fora lling recevedfor slotnodeb
In current-diala, locatethenode(nodeb )
If nodebnotfound,theutterancevasinvalid. return.
locatethe parentGodep of nodeb
deletenodeb
if nodephasmorechildren,return
else current-dialg needso be changed.
nd the rst ancestogng of current-dialog , deletingall dialogswithout children
current-dial@=anc;
if ancnotfound,thedialogis complete.Triggerdialog-complete
return

Figurel12: Stagingtransformatioralgorithm.
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while therearemoredialog-element@ the currenttree
begin
for thecurrentdialog
call thestagelin the currentdialogon the elementsn the currentdialog.
thisreturnsthefollowing informationstoredin globalvariables-
—thesetof itemsthatcanbesaid
—theitemthatmustbe presentedo the user
—data-structureepresentatioof the grammaito be usedfor validation
end

Figure13: Processingo generatggrammar

2. complete-dialog: This motivator decidesf a dialogis complete.A dialogis completeif a uniquerecordin
the databas&/IEW beingusedhasbeenidenti ed, or if thereareno moreitemsleft to solicit input for in the
dialog. In suchcasestheunnecessarglotsareremovedfrom therepresentatioriNoticethatcomplete-dialog
is a specializatiorof prune-dialog.

3. con rm-dialog: This motivator appliesif theitem hasbeendesignatedn the DialogXML asonefor which
con rmation mustbe sought.In arealapplication,con rmation would be soughtfor utteranceshathave been
recognizedwith alow valueof con dence;howvever SALT doesnot provide uswith the hooksto learnabout
con dencevaluesof recognizedutteranceshencewe specify the needfor con rmation in the DialogXML
markup.

4. collect-results: This motivator appliesif the userexplicitly requestedvia a”Shav meresults'utterance}hat
thedialogbeterminatedn orderto view a at listing (of therelevantremainingrecords).

4.3.4 Grammar generation

Grammargeneratiorin the voice portal usesNuances GSL grammarformat andrequiresno specialhandling. In
the web portal, grammargenerationnvolves a careful division of labor betweenthe brovser utterancevalidator
andtheembeddedpeectgrammarghemseles. For instancethe systemgeneratedavaScriptto handlesometypes
of interactionon the client sidewithin the browseritself. Con rmation of the users utterance, Whatmay | say?,
and Shav me somethingelse'type of questionsareexamplesof interactionshandledoy JasaScript. Theembedded
SRGSgrammarsare usedfor encapsulatingite-speci clogic andarefaithful to the C andl stagerspeci cations.
Generatinggrammarragmentsorrespondingo theP E stagemwill resultin anexponentialenumeratiorof utterance
possibilities,so we usea lessrestrictve grammarand allow the invalid utterancedo be caughtby the Utterance
Validatorinstead.

4.4 Implementation Details

The web portal instantiationis implementedas a Java web applicationusing JSPsand Servlets. The application
runsinside the Tomcatservletengine. The systemusesthe ApacheHTTPd web-serer with a WARP connector
to connectto the Tomcatservletengine,andfunctionslike a proxy-serer. A PostgreSQldatabaseener senes
the exampledatabasesve usein this paper The web-applicationconnectso the databasesener usingthe Java
DatabaseConnectiity (JDBC) API. It usesa meta-dataAPI to learnaboutthe structureof the datapresentn the
databaseAn SQL queryinitially helpscomputea VIEW thatsenesasthe startingpoint for thedialog. This VIEW
is usedfor all futureinteractionsandhelpsreinforcethata useris alwaysworking with a personalizedview' of the
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informationspace.The useof VIEWs canbe usedto increasesystemef ciency asthey canbe sharedacrossmary
users. We testedthe systemusing the Microsoft SALT plug-in for the InternetExplorer 6.0 browseron a system
runningWindows XP.

5 CaseStudiesand Evaluation

Severalapplicationshave beencreatedusingthe out-of-turninteractionframewvork presentecgbove. The rst is an
interfaceto the ProjectVoteSmarivebsite(http://wwwvote-smart.ay) andan exampleinteractionhasbeenalready
describedn Fig. 1. This interface provides detailson about540 politicians comprisingthe U.S. Congressandis
modeledafterthe ProjectVoteSmartite (http://Aote-smart.ag). In additionto party branchof Congressandstate
information,we modeleddistrict andseatinformation,in theform of aPEover ve speci cationaspects.

Two otherapplicationscoveredin [40], involve atour applicationfor WashingtorD.C visitorsandaninterface
to the fuel economyguideat the environmentalprotectionagenyg (EPA + http://wwwfueleconomyov). See[40]
for moredetails.

The evaluationof out-of-turninteractioninterfacesis atopic of interestin itself. Two importantissuesare: does
the supportfor out-of-turninteractionmake sometaskseasierand do usersactually utilize out-of-turninteraction
for suchtasks?The answerto the rst questionis clearlyin the af rmati ve. For instancejn the examplefrom the
introduction,beingableto say Indiana’ out-of-turnis advantageoudecauseét shavs the inapplicability of one of
the party choices Withoutthis capability Salliewould have to manuallybrowvsethrougheachpartyanddeterminaf
sheobtainstheinformationshewasseeking.

To investigatewhetherusersutilize out-of-turninteractionfor suchtasks,we are conductingseveral userstud-
ies, with several applications. Preliminaryresultswith the US Congressapplicationare describedin [31]. The
studyinvolved 25 userswho were assigneceightinformation- nding tasks. Four of the taskswere non-oriented
meaningthey could be completedwith or without out-of-turninteraction;the remainingfour of themwere out-of-
turn-oriented meaninghey would becumbersoméo completewithoutthe capabilityof out-of-turninput. However,
userswverenottold whichtasksfell underwhich category. Onanalyzingtheresults we learntthatall usersemployed
out-of-turninteractionwhenpresentedvith an out-of-turnorientedtask,indicatingthatthey areadeptat discerning
whensuchinteractionis necessaryMany userssuccessfullyinferredthat out-of-turninteractionis suitablewhen
we have a speci ¢ goalin mind andnot somuchwhenwe areconductingexploratorybrowsing. See[31] for more
detailsof this study

6 Discussion

Theabove applicationshave highlightedthe key featuresof our softwareframework. The stagingtransformerdiave
beenprimarily responsibléor dialogcontrol,specifyingwhattheusermaysayatary giventime. Thedialogmanager
has streamlinedthe dialog, pruning it when necessaryand triggering the appropriateactions. Our modularized
implementatiorapproacimakesit easyto construcispeech-enabledterfacesto database-dren sites.

By using a combinationof stagers(PE, I, and C), our dialog representations independendf in-turn versus
out-of-turninteractionand, mostimportantly the modality usedfor interaction. This, in of itself, is a signi cant
contritution of ourwork. Theuserinterfaceresearcltommunityhasbeenexploring the separatiorof representation
issuefor mary years.For example, userinterfacemanagemergystems{(UIMS), atermcoinedby Kasik [21] (circa
1982),refersto the studyof softwarearchitecturegor building interactive systemg28]. Oneof the explicitly stated
goalsof the UIMS communitywas "achieving dialogindependencd33]. The focusof the researclwasmainly to
automaticallygeneratehigh quality userinterfacesfrom abstractrepresentationsThis approachdid not nd wide
acceptancéecausanostof the generatioriools availablewerebasedn heuristicghatmadethe generatiorprocess
unpredictablendhardto control[27].
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Lately, abstractuserinterface speci cations(also knowvn as model-basedpproacheshave receved renaved
attentiondueto amultiplicity of devicesandthevarietyof interactionpossibilitieswith them.While someapproaches
have createddlomain-speci clanguagesuchasSISL[9] andWebML [13], othersarestill exploringthegeneraidea
of having auniversalspeci cationlanguagdor building interactve applications Szelely [43] presentsretrospectie
of themodel-base@pproacheandhow they have evolved overtime.

Still morerecentwork hasfocusedon userinterfacerepresentationtr multiplatformuserinterfaces. The goal
is to specifytheuserinterfacein partsor models(e.g. presentatiomodel,datamodel,dialogmodel)sothatmoving
the userinterfaceto anotherplatform requiresminimal modi cations. Despitea lot of attentionto this area,the
researcttommunityhasnot yet corvergedupona dialog representatiothatis independenof the task-detailof the
userinterface.For example, TERESA[26] usesenablingoperatorsaspartof ataskmodelrepresentationJIML [2]
usesanevent-baseanodelthatis closelytied to the presentationXIML [35] usesa separatalialogmodel,but it is
derived from the taskmodel. USIXML [22], arecentadditionto the XML-basedUI representationsasa separate
representatiofor dialoguesbut it is not clearhow well their approactcould handleout-of-turninteractionasin our
work.

Furthermoremostexisting abstrachotationgequiresomeform of explicit representatioof dialog o w. Ouruse
of stagingtransformerge.g.,the PE stager)avoids suchexplicit enumeratiorof dialog o ws andpromisedo sene
asa modelfor building multi-platformuserinterfaceq3]. Thisis oneof our ongoingdirectionsof futurework.

In general,our work helpsdemonstratéhe viability of our view of the speech-enabledeb + namely thatof a

e xible dialog betweenthe userandthe systemwhich allows the userto take the initiative in controllingthe ow
of the dialog. Rosenfeldet al. [38] have arguedthatspeechinterfaceswill becomencreasinglyubiquitousandwill
be ableto supportsmallerform-factorswithout comprisingusability The applicationspresentedherevalidatethis
viewpointandhelpillustratetheimportanceof usingvoiceto supplemeninteractionin mobile devices.

It is helpfulto contrasburrepresentation-bad approaclwith otherwaysof specifyingdialogs,notablyVoice XML.
While they sharesomesimilarities,our DialogXML notationis purelydeclaratre andcapturesonly the structureof
thedialog. Controlis implicitly speci ed usingprogramtransformationswhich makesthe processf dialog speci-

cation lesscumbersoméor the designerFurthermorewhile Voice XML permitsmixed-initiatve dialog sequences
too, it doesso moreasa resultof how its form interpretatioralgorithm(FIA) is organized.Using a combinationof
programtransformatiorconstructsaandhierarchicallycomposedlialogs,we areableto specifythe natureof out-of-
turninteractionin amannemot preciselyexpressablén VoiceXML (se€[36] for moredetails).Furthermorein [36],
we have shawn thatbarringa few side-efects,the FIA is a partial evaluatorin disguise andhencemixed-initiatve
applicationgealizableusingVoice XML area propersubsebf whatcanbe achieved with the mary stagersvailable
in DialogXML.

Thedesignemphasi®f VoiceXML hasbeento enablecreationof reusabladialog elementswvhich canbe com-
posedo createcompletevoice applications Developerscancreatecomplex dialogsusingconstructsuchaslooping
and subdialogsin conjunctionwith the FIA. The VoiceXML interpreterinterpretsthe VoiceXML documentand
implementgheFIA.

The successfulmplementatiorof a dialog-basedystem[41, 46] requiresmary morefacetssuchaslanguage
understandingaskmodeling,intentionrecognitionandplanmanagementyhich arebeyondthe scopeof this work.
We arenow exploring seseraldirectionssuchasnaturallanguagespeechnput andextendingthe speci cationcapa-
bility of DialogXML. We arealsoconductingusability studiesfor our multimodalinterfacesandcarefullyassessing
the role of speechasan out-of-turninteractionmedium. Especiallyimportantis addressindhe veritable ‘hov do
usersknow whatto say?' problem[45] for multimodalwebbrowsing.

This work is an initial explorationinto the useof multimodalinterfacesto websites. As the useof brovsers
thatsupporttechnologiesuchasSALT, X+V grows, theimportanceof softwareframeavorksto supportmultimodal
interactionwill only increase.
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