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Browsing documents in the World Wide Web usually offers little
opportunity for real interaction, as user input is often limited to mouse
clicks and to filling out forms. By adding language technolagy, the gap
between navigation and interaction can be bridged, which should lead
to a more symmetric communicative setting. It meansthat freetyped or
spoken utterances can be used as meansof accessto documentson the
Web, in addition to mouseclicks and typed strings asthey are usedto fill
out forms, e.g in seaich engines.

A crucial factor in system design is a sound pre-design study, which
investigaes how userswill usetyped and spoken queries to complement
existing functionality. In this paper, we are goingto describea Wizard-of-
Oz (WoZ2) study which has shown that userstend to prefe multi-modal
input over traditional input modesin seaich tasks conceming German
newspapertexts, and that they were generally faster in completing the
tasks whenever they were allowed to use free typed and spoken input.
Additionally, users were grouped according to previous experiencewith
search enginesand the Internet. It can be shown that non-expert users
expresseda stronger preference for multi-modal interaction than expert
usersand that, with multi-modal interaction, task completion times were
reducedmore significantly among non-experts than among experts users.
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Generally, we interpret these effects as an indication that multi-modal
accesgo the Web may resultin higher usability, especiallyfor non-expert
users.

Keywords: naturd languageprocessing,multi-modality, usability, Wizard-d-
Oz experiments.

1 Intr oduction

While developersof Web pagesmay usearny combnation of text, audio, pictures
andvideoin their presetationsin orderto addessthe usereffectively — thusfully
exploiting the multimediapossibilitiesof the Web — the users’reactiors aremuch
more limited in beingrestrictedmainly to point-and-click opeations. It is to be
expectedthat userscanovercomethis commuicative asymmetrybetterif they are
offereda greder variety of input modes,namelymulti-modalinteractionincludng
free typed and spolen utterances.In the project which is descrited in this paper
we concatrateontherole of multi-modal queriegposedo a searcrenginefrom the
poirt of view of usability andits implicatiors for the systemarchitectue andthe
interface.

Recentlyfirst stepshave beentakenby augmeting the Web by searcrengnes
whichacceptwordsor evenphrasesenteredy the userandwhich arethenmatched
with thestoredinformation. We arguethattheseanputoptionsarestill fartoo formal
andtoo differentfrom naturalconversationgo achiere high useracceptaoe once
moreandmoreinteractionis carriedoutontheWeh

Therearealsostructuralargumentsfor usingfree spolen or written langlage.
Comple typesof actioncannad be handed by mouse clicking andtyping simple
phrasesasthesawo typesof inputusuallyonly referto visible entities. Therdore, it
is notpossibleto expresse.g.indired relatiors occuring throwghou natual speech
furthermoe, simplereferencemodes lik e single-word searchor point-and-clickare
often particulaly inadeaateas a lot of information on the Web is textual which
suggsts alsotextual access.By usingthe latter, the gap betweennavigation and
interactian in a comnunicative settingcanbe bridged. Textual queiesalsoprovide
the adwartage of reachimg through the hypertext structuredirectly to the requred
(textual) information. This freesthe userfrom a dependenceon the docunent
structue offered by the contert provider, which is advartageos becauseoften
users’and contentproviders’ intentionsmay differ. At the sametime, the useris
notrestrictedo ary preddinedwordingof thequery

2 Multi-modal accesdo texts onthe Web

In order for the useractionto be interpretel correctly, the constraintswhich are
imposedby the communicative setting,needto berecogiisedandrepresentedThis
suggstsanactionrcentrednoded which treatsuseraction,beit by spolenor written
input or by point-and-click opeations,asinstancesf informationrequestsin the
specificcomnunicative context. This way, the expressie power of userrequests
is acknavledgedby not restrictingthe userlike in comnmand-arl-cortrol systems.
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At the sametime, regarding useractionin its situationalcontets helpsreducethe
ambiguties and errorswhich are introducedby the resultsof speechrecogtition
(Oviatt, 2000Db).

Researctanddevdlopmernt in speechrecanitionhasrecogiisedtheadwantages
and challengs of multi-modal interaction. Systemdesignhasmostly focusedon
integrating variows input modes, paying specialattentionto speechas the most
relevart one.In thesesystemsbrowsingfunctionalitycanbeaccessetly apprgriate
speeclcommands. This apprachis sensibleg.qg.for offering additiona browsing
functionality over the teleptone andfor providing a restrictedspeechrecogtition
vocahilary, resultingin bettersystemperfomance. Yet thesesystemsare still far
from a real integration of refelenceto form, contert andstructure,asit is natual
for ary interadion in the context of hypertext documents. Therebre, it is the aim
of the describedorojed to point out new waysof integrating speechandlanguage
with classicalaccesamethod, andto investigae the respectie shortcanings and
adwartagesof different combindions of input modes. In contiastto commerdal
systems,not a broal solutionwill be reached Rather a situationwith compex
interactionis createcandanalysedin termsof usability, while the domainis limited
in thisresearctscenario.

In orderto gan insightinto the possibilitiesof speechaccesgo the Web, from
a pradical point of view, the projectis conceredwith building the prototype of an
interactive systemfor Web browsingandsearchwhich integratesthe processingf
spolenandtypedqueries with the usualpoint-and-clickcommars of a GUI.

While the functionality of the GUI part will be standard natural language
gueries cancorcernary combirationof thefollowing:

e whatsomeparticuar pieceof informationrefersto (i.e. conten);
e how thisinformationis presentd (i.e. structue); and
e how thisinformationis conrected(i.e. docunenthierarcly).

Accordngly, we expect the systemto handle (the Germanequialents of)
spolken browsercomnands,e.g.badk, aswell asconten queies, e.g. more abou
soccer andcombindions of the two, e.g.badk to the page abou the soccergame
Naturallangua@ queriesareto be interpretedin the appopriatecontets asthey
canbe derived from the current communicative setting. The languag processing
modue distinguishe queies referrirg to content,structureor docunenthierarcly
anddeterninesthe new appopriatesystemstatesge.g.by displayng text segments.

In the systemarchitectue, on the otherhard, the fundionality of the GuUI is
enharcedandcomplenentedby the possibilityto uselanguge comnands.It seems
plausibleto stipulatethat addingspolen andtyped naturalutteranesto the input
mediaof aWebbrowserwill gererallyleadto ahighe usability Thishypothesisvas
suppotedby theWizard-d-Oz experimentswvhichwerecarriedoutin thepre-cesign
study Therdore, it is veryimportant to integratethe threeinput modesspeechtext
andpoint-ard-click operdionsin a way thatis perceved asnatual by the user in
orderto achieve high usability Thus,the cortrastive functiorality (Oviatt& Olsen,
1999 of theinput modes corcerninginteractionwith the systemis consideed.
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3 The Wizard-of-Oz Study

31 Aims
In the context of theprojed, the pre-cesignstudyaimsatthreemaingoals:

e researclontherole of speechnputin amulti-modal system;
e theadapationto userneed; and

o thecreatia of acorpts.

A prominentaim in usability testingis the investigationof mode prefaence
and coordnation. Geneally, researchrs agreethat a contrastve funcionality of
severd inputmocdesincluding speeclyuarateeshighestperfamanceaswell asuser
acceptaoe(Oviatt& Olsen,1994. Theexperimentsaredesignedo investigatehow
systemfunctionality is addressedby the input modeandwhich functionis fulfilled
by speectwith respecto theothervariants.

Theinvestigaion pardlels researcton speechinput asoppasedto otherinput
mocksin the domainof maptasks(Cohenet al., 199), dialogLe agerts (Litman,
1998) andmulti-modalaccesgo timetableinformation(Quafordt, 1998.

Expeiencewith multi-modalinterfacesintegratingspeecthasgeneally shavn
thatonly acyclic develgpmentprocessresultsn ausablesystemgf. (Mariani, 1997).
At several stagesf the developmentprocesspuserresposeshave to be corsidered
andevaluated

Furthemore, it is anotler important aim of usability testingin the proposed
prgect to collect a corpusfor userinteractionin the specificdomainof German
searcltrequestsfor news texts onthe Weh

It wasdecidedo useWizard-of-Oz experimentyFrase& Gilbert,1991) in the
predesignstudy Wizard-ofOz experimentsimply thatthe testpersonsare given
tasksfor interactionwith a systemput they arenot awareof thefactthatthe system
is atleastpartly simulatedby human(s) thewizad(s). Wizard-d-Oz expelimentsare
oftenusedn thedevelopmentof NaturalLanglageProcessingystem$ecauseavith
them, it is possibleto testfunctionality, userbehaiour andinterfacesfor systems
which have not yet beenfully implemerted. The resultsof the Wizard-d-Oz tests
canthenbeincomoratednto thedesignof theactualsystems.

We are well aware of the problens associatedvith WoZ experimentsin a
speechervironmen, particdarly the simulationof speechrecogiition erras (Aust
et al.,, 19%; Oerder& Aust, 199%) and possibly the lack of relation to real-
world tasks. Yet, testingthe usability of the interface and obtaininga corpus is
animpottantimpuse for the devdlopmentof the system. For the experiments,we
decidel to simulatealmostperfectspeechuncerstandingNaturally, erroisin speech
uncerstandingandrecogqition arean important aspectin userinteractionwith the
system(andin usability). Yet, it is very difficult to adeqately simulatespeech
uncerstandingerrors, particdarly speechrecoqition errors,and consegently, we
decidel notto modé this partof systembehaiour.
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3.2 The Setup of the experiments

Thefour perfomancedimensios in the evaluatian aretaskcompletio (deternined
in retrospet), task completion speed(which will be measued), compleity of
interaction(delivedfrom logging theinteractian) andtheuserrespoiseto thesystem
(evaluatedby meanf questiomaire-tasedsatishctionratings (Litman, 1998)).

Thesubjects utterarceswererecoded,andtypedinputandmouseclicks were
logged in orderto assessask compexity. Thesesourcescanbe synchonisedvia
time stamps Varianceamongthe perfaoamancedimensios is evaluatedaccordng to
standardnethod of empiricalevaluation(Preeceetal., 1994.

The interface was built using NetscapeNavigator 4.73 as a brovser The
interface consistsof two frames. One frame was simply usedfor displayirg the
resulting pagesas provided by the more important contrd frame. To avoid the
activationof links in thedisplayframeby theuser the contol framehadto intercep
all sortsof unwartedevertsthatcouldaccidentallybetriggeredby theuser Thiswas
achieved by the useof anapplet a Java progam associatedavith the page.Because
the applethadto copewith all sortsof everts which are usually handed naturally
by the browser and also becase we wantedto limit userinterference the editor
wasmadevery simple. Theappletwasalsorespomsiblefor triggeling acommeral
speechsynthesigool. It usesthe Java SpeechApplication Progammerlinterface,
which allows for smoothinteractian with commergal speectprodicts. The applet
was also resposible for producing a log file containirg the users and wizards’
keyboard actions(the wizard's actionswere limited to displayingWeb pagesand
errormessagesothtriggeredby key combirations).

The Wizard-d-Oz effect was producedby anothe computer connetedto the
samenetwork asthe computer usedby the testperson A freely available progam
calledPC Remoteallowedthe wizardto view andcontrd the users interfacevia a
setof keys. Thetestpersos’ spolenutterancesvererecodedusinga freesoftware
calledSTX, from the AustrianAcadeny of Sciences.

3.3 Test persons

43 testpersongarticipatedin the expetiments. Beforethe start of the tests,they

filled out a questiomaireaskingfor informationon previous experiencewith search
engiresandthe Webin geneal. Accordng to the degreeof familiarity with search
engires andthe Web, userswere groupedas expertsand nonexperts Familiarity

wasmeasuredvith thehelpof questionsconcening expettisewith traditioral search
engires, mainly concening knowledge and use of logical operadors. As is has
beerpostuatedthatespeciallynon-expertusersdenefittrom multi-modalinteraction
(Oviatt,200(),for aWizard-of Oz studyin ourcortext, thesgwo userggroupswere
evaluatel compaatively in addtion to the compehensie evaluation of all users.
Overall, expetts aswell as non-epertshad various professionalbackgounds and
belorgedto all agegroypsbetweernl8and62.

3.4 Tasks

Eachtestpersm wasassigned 2 tasks.In eachtask,onenewnspafer text hadto be
searchedn alarge databasesf Germannewspagr texts. The docunentslooked
like texts on the Web but werestoredlocally on our sener andwherenot changd
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|| geneal reaction | dialogue| interface| overal |

non-eperts 1.6 1.8 1.9 1.8
experts 2.1 2.3 2.4 2.3
average 1.9 2.1 2.1 2.0

Table 1: Userratingsconceriing generatopics.

Systeml System?2 System3
spolen+ mouse | spolen+ written + mouse | written + mouse

non-perts 1.77 1.90 1.93
experts 2.00 2.13 2.34
average 1.88 2.01 2.10

Table 2: Userratingsconcening systems.

during the courseof the expetiments.In the specificatiorof thetasks,eachtext was
summaisedin two sentencesndthetestpersonadto formulateadequatgueries
basednthesesummaisations.

The twelve taskswere grouped accordimg to comhbinations of input moces,
during the course of the expeiiments,all tasksappeagd with all input modes. We
calledthethreedifferent combinations’systems’.Onesystemaccepteanly spolen
input andmouseclicks, onesystemaccepteanly typedinputandmouseclicks, and
onesystemacceptedpolenandtypedinputaswell asmouseclicks.

Eachtest personwas given an instructionsheet,but was advisedto usefree
spolenandtypedinput. The interfacewas explained, but no demamstrationswere
given. Assistancevasavailableon demaml, but only help concening the interface
or formal issueswasgiven Error messagesveredisplayedwheneer testpersams
mixedupthesystemsr formuatedreqlestscompetelyirrelevart to thetasks.This
way, testpersonsverediscouragdto explore thelimits of the’system’asthiswould
haveledto prodemsfor theevaluation

After completian of all tasks,the testpersos filled out anotrer questiomaire.
This questiomaire focusedon usability of the systemas a whole as well as the
different comhinations of input modalities. This way, it is possibleto compae
users’prefeenceswith task completion times unde different constraims for the
input modalities.

35 Reaults

Overall, the test persors statedthat they considerthe systemusable(cf. Table 1).
On a scalebetweenl (highest grade)and 5 (lowest grack), the meangradeis
2.08. Generally nonexpertsliked the systemmore than experts. This suppats
the hypothesisthat the combination of traditioral input modeswith free typedand
spoleninput is appealiig particularlyto non-expett usersasit is amorenatual way
of interactim (cf. Table2).
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Systeml System2 System3

spolen+ mouse | spolen+ written + mouse | written + mouse
non-eperts
averagge numberof interactions 24 22 22
averggetimein seconds 553 514 1000
experts
averagge numberof interactions 26 25 26
averggetimein seconds 593 427 758

Table 3: Numberof interactionsandtime used.

SystenB

Figure 1: Numberof interactiongdmean).

25 23 24

Systenil Syste

Regardng specific aspectsof usability of the system, the results can be
compmredto the overall grades given to the system. Efficiency receved the grade
2.05in ovenall average

Furthemore, it canbe saidthat on average testpersonsmeededesstime for
thecompletian of thetaskif they wereallowedto usespolenor spolenandwritten
langlage.Generallytaskcompetiontimeswerelonge if thetestpersmsonly used
writteninput (cf. Table3). Expet userdamprovedlessby theuseof spolenlangwage
thannonexpetts usersdid. For Systeml (spoleninput andmouseclicks), thereis
nosignificantdifferencebetweemonexpet andexpeat usersFor Systen® (spolen
andwritteninput aswell asmouseclicks), thereis asignificantdiffererce. Thesame
canbe saidfor System3. Generally expert andnon-expet userswerefasterusing
all threeinputmodes (cf. Table1 andTable2).

So far, resultsindicae that multi-modal interaction can provide a usableand
efficient accessto docunentson the Web, especiallyfor nonexpeits. Further
analysisof the expeiimentswill focus more on the role of free spolenandwritten
input. It hasto be determired which functiors theseinput modes tendto fulfill:
whetherthey arefall-bak modes,agenerhalternatve or meanf gettinga shortcu
to the requestedinformation. In our tests,only a fraction of usersreplacedmouse
clicks with spolen commaunls. Someextremely unexperierced users, however,
relied solely on spolen commands and chosenot to use mouwse clicks. Search
commadswereusuallyspolenratherthantyped Therewasa significantgrowth
in competene for the usersduring the tests. Again, theseresultsshav that using
multi-modal interactian is an efficient meansof accessinghe Web, particdarly for
non-expet users.
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Figure 2: Numberof minutes(median).

4 Conclusion

The Wizard-d-Oz studyhasshowvn thatusers particdarly nonexpet users prefer
multi-modal interactionover traditional written input modes and point-and-click
opeationsas they are usedin Graphcal User Interfaces,at leastin the domain
of searchingnewspapertexts and underidealisedspeechrecogition conditiors.
Furthemore, it canbe shavn that userstendto perform fasterif they areableto
usespoleniangua@ queries, andalsothen,non-expertusershada greatergainin
taskcompletian times. Thisis crudal asdocunentsin the Interret have becane an
importantsourceof informationin bothprofessionalandprivatecontets, andaccess
shouldbeasefficient,openandnaturalaspossiblenotonly from atechnicabut also
from a communicatve poirt of view.

The resultsfrom the Wizard-d-Oz experimentsare consideed in the design
of the system,andusers’commers will influencea new versionof the interface
While thereareresultsof Wizard-ofOz expeimentse.g.for multi-modal accesgo
timetables(Quarfadt, 1998, thereis no soundempiricd foundation for usable
interaction schemesaccessingpagesin the Weh  Emgirical evidence from
this doman will cortribute to researchon multi-mocal interfacesand speech
uncerstandindor differentapplicatiors. Fromthepoint of view of naturallanguag
processingthe obtainel empiricaldatahastwo interestingdimersions. On theone
hand thecorpuswill provideimportantinsightsinto thestructureof comnunication
in this casethe interadion with the Web asa multi-modal ervironmern, andhow it
is mirroredin useraction(speechtyping, pointandclick). Ontheotherhand from
a moreapplicationorientedpoirt of view, empiricalresultscanprovide a valuabie
link betweematual languageundestandingcommnentsandobjectives of software
usability.
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