A SystemDesignfor HumanFactorsStudiesof
Speech-Enabled/ebBrowsing

L.J. Adams,R.I. Damper S.HarnadandW. Hall
Departmentf ElectronicsaandComputerScience
Universityof Southampton

Southamptors0171BJ,UK

Abstract

This paperdescribeghe designof a systemwhich will
subsequentlype usedasthe basisof a rangeof empirical
studiesaimedat discovering how bestto harnesspeech
recognitioncapabilitiesin multimodal multimediacom-
puting. Initial work focuseson speech-enableorowsing
of the World Wide Web, which was never designedfor
suchuse. Systemdesignis completeandis beingevalu-
atedvia usabilitytesting.

1 Introduction

Speechechnologyhasnow advancedto the stagewhere
it offersgreatpromisefor human-computeinteractionin
a variety of applicationg[1, 2]. Applicationshave to be
chosenmandengineeredrery carefully, however, with hu-
manfactorsgivenfull considerationif realgainsareto be
achieved|[3, 4, 5]. In particulat the early, popularbelief
that speechwassomeha a ‘universal’ medium- better
in all respectshanall othermedia— is too simplistic. At-
tentionin the researctcommunityis turning toward the
optimal deploymentof speechi/o in multimodal inter
faces[4, 5, 6, 7]. Key findingsare that speech-onlyin-
terfaceshave someproblemsbut that usershave a strong
preferencdor interactingmultimodally [8]. At the same
time, speechis notablefor its absencén currentmulti-
mediasystemd9, 10]. Yet Furui[11] — oneof the most

respecte@peectscientistsn theworld —hascommented:

“Input by speechrecognitionandoutputby text
and graphicsis an ideal combinationin most
interactve systems...” and: “Dialogue mod-
elling in a multimedia ervironmentis a very
new, importantandinterestingresearchopic’

Speechoffers unique advantagesover more corven-
tional media. For instance,the conceptof the every-
citizeninterfacein theUS[12] restsontherealisatiorthat
a large proportionof the populationlacks the computer
literacy (or eventhe linguistic capability)to usecorven-
tional, text-based/o. Also, speeclofferstheuseranother

I/0 channeln acomple, multimodalinteractive system,
soeffectingaclassicakeparatiof modalitiesn termsof
multiple-resourceheory[6, 13, 14, 15, 16]. Oviatt[7, §]
providessomedetailedinformationon how this capabil-
ity canbe utilisedin practicalsystems:sincespeectis a
poormodalityfor definingspatialposition,a pointingde-
viceis usedto specifywhele (in termsof screerlocation)
somethings to be done,while a concurrenspeectcom-
mandspecifieswhatis to be done. Thus,it is a foregone
conclusiorthathypermediaandmultimediasystemcapa-
bilities will beintegratedwith usercapabilitiesn speech
productionandperceptiorin the nottoo distantfuture.

This integrationis currently held back by limited un-
derstandingof human-computespolen interaction. In
the words of Oviatt [7]: “Inadequateresearchrom this
perspectie hasleft agapin ourscientificknowledge hin-
deringour ability to supportrobust speechor real com-
mercialapplications”. Theultimategoalis anall-purpose
systemwith which one can interactcorversationallyas
we do with oneanother But it is partly a cognitive ques-
tion — calling for experimentalresearchon peoples in-
teractionswith physicalsystems- how speechcapabil-
ity canbestbe integratedwith future multimediacom-
puting of the kind ervisagedby Harnad[17] and used
in conjunctionwith other input/output(i/0) modalities.
For mary easilyimaginableapplicationge.g.interacting
with a systemin the dark, while one’s handsare other
wise occupied,or if oneis handicappedr at a remote
site), direct speechcontrol over what we otherwisecon-
trol by keyboardor mouseis essential.But even where
keyboardor mousewould be accessibletheir limited fit
to humancapabilitiesmeansghatit may be more natural
and comfortableto interactcorversationally by speech.
In othercasessuchasoperatingon realor virtual 2-D or
3-D objects,or parallelspatialarraysof graphicalor tex-
tual information,keyboardor mousemay becomehein-
teractive tools of choiceoncetherelevanttactile,interac-
tive skills have beenmasteredYetduringtheearlystages
of use— from completeunfamiliarity, throughthefirst in-
teractive steps,via trial-and-error systematidnstruction
andexample,until independencand masteryhave been
achieved- speechnteractionmayneverthelesbetheop-



timal modalityfor everyone(cf. the “every-citizen”inter-
face[12]). Hence,a key issueis how speeclhis bestused
within a multimodal,multimediasystem.

2 Speech-Enabled Web Browsing

As afirst stepin answeringhequestionsdentifiedabove,
we havedesignedandimplementedispeech-enablesy/s-
tem which will subsequentlype usedas the basisof a
rangeof empiricalhumanfactorsstudies.Initial work fo-
cuseson browsingof the World Wide Web[18].

The advantagef speechalmostcertainly dependon
the degree of constaint [19] imposedon usershy the
systemand/orapplication. Loosely speaking,constraint
is inverselyrelatedto size of responseset. The cornven-
tional meansof navigating the Web provides an exam-
ple of a high-constraintinterface. Herethe useris pre-
sentedwith a documentin which the authoror the sys-
tem hashighlightedlinks to otherdocumentsor applica-
tions: theserepresenthe main or sole possibilitiesfor
navigation. An exampleof a low-constraintapplication
would be the morequery-basedhteractionwith a hyper
media system, as embodiedby genericand compute-
link facilities(e.g.MiIcrocosm [20, 21]), andwherethe
userrequestsnoreinformationabouta topic thatmay or
may not be highlightedas a button (e.g. “Tell me more
aboutelephant¥). We hypothesisahat speechwill be-
comeincreasinglyusefulasthedomainbecomesesscon-
strained.Thus,we intendeventuallyto studyhumanper
formancefactorswith bothhigh-andlow-constraininter-
facesandto applytheresultsto subsequendevelopment,
in the spirit of usercentered;participatory’ design[22].
For the moment,however, we will concentrateon high-
constrainWebbrowsing,basedn MicrosoftInternetEx-
plorerversiond (MSIE4)usingobjectlinking andembed-
dding(OLE).

3 System Design

CurrentWeb browserswere not designedo acceptspo-

ken commandaor were they designedto facilitate hu-

man factorsexperimentation. Hence,significanttechni-

cal effort mustbe expendedn systemdesignandimple-

mentationfor our purposesMany of the problemswhich

ariseare novel and challenging: they relateto assump-
tionsmadeby implementorgegardingthe way their soft-

ware productswill be usedandwhich do not anticipate
ourrequirements.

Theexperimentabkystems basednthelBM ViaVoice
speechrecognise(Version4.1)—alarge-vocahulary, con-
tinuous speech,spealer-dependentevice. Software is
written in VisualC++ (version5.0), to exploit the well-
known adwantagesof the object-orientedparadigmand
for compatibility with the speechapplicationprogram-
ming interface (API), provided by ViaVoice (which is

written in C). The applicationhandlesspeechinput by
using specificcalls to the SMAPI SpeechManagemro-
vided by ViaVoice. The softwaresystemis ratherlarge.
Hence,the Rational Rose CASE (computeraided soft-
ware engineering)ool is usedto manageprogramcom-
plexity automatically Details of this CASE tool canbe
foundat:

http://ww. rational.co.jp/products

The completesoftware systemis divided into three
modules: Interface Design; Basic Navigation; and En-
hancedNavigation. A formal (context-free) grammarin
Backus-Nauform is usedto definethe commandsyntax.
This allows for easymodificationand automaticgenera-
tion of the executablegrammarmodule. The grammaris
deliberatelyrestrictedto reducethe cognitive load placed
ontheuserwhile learningto usethesystem.

The systemdesign usesfour diagrammaticobject-
oriented representationspsing the Unified Modelling
LanguaggUML) methodology[23]. The modellingrep-
resentationsisedare usecasesglassdiagram,statedia-
gramandinteractiondiagrams. The classdiagram(fig-
urel) givesaconceptuabverview of thesystem.

4 Navigation by Speech

Thegoalwasto allow theuserto controlby speectasub-
setof thenavigationfacilitiesofferedby MSIE4. Specifi-
cally, thesewere:

e basictoolbarcommands- bad, forward, stopand
refresh

¢ URL loading—usingaform of ‘spokenbookmark’.

¢ URL spelling— allowing the userto composea spo-
kenbookmark.

o following hyperlinks— seebelow.
e pageprinting.

Giventhe spacerestrictionsof this paperwe limit our-
selveshereto describingperhapghe mostimportantfea-
ture— the ability to follow hyperlinksby speech.Thein-
tentionis thatuserssimply speakthe commandollow or
tell meaboutfollowed by the word(s) on-screerassoci-
atedwith thehyperlink. Thebrowserthenloadsthedesti-
nationlocation(URL) andretrievesthe document.How-
ever, the softwareimplementatiorwasfraughtwith prob-
lemsresultingfrom the wide variety of HTML document
layouts, parsingthe documentdor hyperlink extraction,
‘cleaning’ the hyperlink text by removal of spuriousand
out-of-vocalulary text, lack of supportin the MSIE4 ob-
jectmodulefor spoleninteraction etc.

Accessdirectly to hyperlinksthroughthe MSIE4 ob-
ject model or to the raw HTML documentfor hyperlink
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Figurel: Classdiagramfor the speech-enabled/ebbrowser illustratingthe conceptuatiesignof the system.

searchingvererequiredbut proveddifficult. After much
effort, the former approachwas abandoned. The final
implementedolutionuseshreadprogrammingor back-
grounddocumentetrieval andprocessingDuring appli-
cationinitialisation,aneventtimeris instantiatedo cause
a functionto be invoked onceper second.This function
thendeterminesf the currentURL hasbeenchanged If
so,anew threadof executioninitiatespageretrieval ready
for subsequenprocessing.The pageis thenstoredin an
hashtable,sothatit remainsavailablefor browsingwith-
outreprocessing/reloading.
Thespeech-enabled/ebbrowserhasbeenextensiely
testedby white-boxtestingthroughthe courseof imple-
mentationandby black-boxtestingattheend[23].

5 Usability Testing

This hasonly juststarted- thereis muchmoreto bedone.
At this stage,four subjectsonly (including the first au-
thor) have participatedin informal testing. After enrol-
menton thefirstauthor's voice subjectsverethenasked
to enterthe basiccommanddfive), exercisingthe basic
functionalityof thebrowser After ashortperiodof famil-
iarisation,thesecommandsvererecognisedvith greater
than95%accurag. All participantsemembere@ndun-
derstoodhe commandgrammarquickly andeasily
Subsequentlythe compositionof spolen-bookmarks
andfollowing-hyperlinksfunctionswereexercised.This
naturallyled to mary more errors(recognitionaccurag
falling to somethingik e 60%) aswe are switchingfrom
atightly-controlledcommandgrammarto arbitraryword

recognitionon arbitrary strings(which don’'t conformto
Englishn-gramword grammar) Also, theViaVoiceis not
truly spealerindependent.Oncebookmarksaretrained
assinglewordsor shortphraseshowever, recognitionac-
curag improvesdramatically

The main stratgy for errorrecovery is userconfirma-
tion, the level of which is in usercontrol by clicking in
adialogbox. This provedto be a usefulandpopularap-
proach. The URL spellingfacility wasfoundto be awk-
ward and time-consuming. It was widely disliked with
participantspreferringto enterarbitrarytext on the key-
board.

Generally subjectsfelt thatspeechwould take time to
get usedto, but eventually would make a valuablead-
dition to keyboard/mouseénput devices, allowing them
to performthe moresimplefunctionswithout distraction
(e.g.swappinghandpositionfrom keyboardto mouse).

6 Conclusions

A speech-enabletiveb browsing systemhas beende-
scribed, basedon IBM’s ViaVoice recogniserand Mi-

crosofts InternetExplorer Many technicalproblemshad
to be solved and mary remain: thesearise becausehe
World Wide Web hasnot so far evolved in a way which
anticipatesandsupportsspeechnteraction. A small, in-

formal usability study has beenundertalen. This re-
vealsthat speechhas potential for future incorporation
into a multi-modal interfacein which userscan exploit

its uniquepropertiesvhenappropriateandignoreit when
not. Futurework will concentraten moreformal evalu-



ationsto confirmtheseinitial findings.
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