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Abstract. Providing blind userswith accessto graphicaluserinterfacesis still a
verycomplex problem.Existingscreenreadersfacemany obstaclesthatstemfrom
thefactthatenvironmentsareusuallynot designedwith accessibilityin mind.Ex-
pandinguponmany advancesthathave emergedin recentyearsin supportof the
DesignFor All principle,analternativeapproachto providing non-visualaccessto
graphicaluserinterfacesis presented.
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1. Intr oduction

The emergenceof graphicaluserinterfaces(GUIs) causedquite a concernwithin the
communityof blind users[1]. While text-basedscreensweremostlyaccessibleto screen
readers,the new technologypresenteda whole new rangeof challenges.Sightedusers
usuallyconsidera GUI to be more intuitive, whereasblind usersaremorecommonly
hinderedby theuseof primarily visualconcepts.

The popularityof MS Windows-basedsystemsin the workplaceandat home,and
theexistenceof commercialscreenreaderson this platformcausedsomewhatof anar-
ti�cial comfort zone.Somefelt that thecrisishadbeenaverted.Othersystemssuchas
Unix remainedaconcern,but thesewereoftenconsideredto beveryspecialisedenviron-
ments.Remoteaccessto Unix systemsfrom MS Windows workstationswasconsidered
suf�cient.

The increasein popularityof Unix systems,both in work andhomeenvironments,
hasshiftedthe balancein recentyears,raisingthe priority on providing non-visualac-
cessto GUIs on Unix. Mynatt andWeberdescribetwo earlyapproaches:Mercatorand
GUIB [2].

Edwards,Mynatt andStocktonpublisheda paperasearlyas1994[3], stressingthe
importanceof providing accessto GUIs ratherratherthan graphicalscreens,thereby
settingthe stagefor usingnon-visualrepresentationsratherthantrying to interpretthe
visual imageof windows. More recentresearchinto this areafocuseson the speci�c
obstaclesthat blind usersencounterwith GUIs [4], spatialauditory interfaces[5], and
multi-modalinterfaces[6].

Thesimilarity betweenwebformsanduserinterfaces(UIs) drivestheresearchpre-
sentedin this paper. Researchinto webaccessibility[7,8,9] andabstractuserinterfaces
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(AUIs) [10,11] is combinedto provide an alternative approachto non-visualaccessto
GUIs.

The remainderof this paper�rst presentsrelatedwork on GUI accessibility. The
third sectiondescribestheuseof anAUI at thecoreof anaccessibilityframework, while
the fourth sectionfocuseson the integrationwith existing AUI applications.The �fth
sectionconcludesthispaperwith adescriptionof futurework.

2. RelatedWork

User interfacesare a very important topic within the realm of Human-ComputerIn-
teractions.For the purposesof this paper, the work doneat the BelgianLaboratoryof
Computer-HumanInteraction(BCHI) at theUniversitéCatholiquedeLouvainis of great
importance[12]. Theability to abstracttheuserinterfaceof applicationslies at thecore
of themethodsproposedin thispaper.

The“Fruit” system[10] describedby Kawai, Aida, andSaitoaddressestheissueof
UI accessibilityaswell. Ratherthanusingan AUI, an abstractwidget toolkit is used.
The presentationof the UI is handledby a device-speci�c renderingcomponent.The
“Fruit” systemprimarily dealswith representingtheUI on any onearbitrarydevice that
is supportedby thesystem.Two aspectsof accessibilitythatarenotpresentin thesystem
aresynchronisedpresentationin multiplemodalities(e.g.presentingtheUI bothvisually
andauditorily to facilitatecooperationbetweensightedandblind users)andaccessibility
at thewindowing systemlevel to handlewindow managementfunctionality.

TheVisualisationandInteractive SystemsGroupof theUniversityof Stuttgart de-
scribeda systemfor black-boxUIs [13]. Their work wasaimedat replacinga userin-
terfaceby meansof interposinglibraries.Thepresentedsolutionfor non-invasive adap-
tationof UIs is usefulfor capturingwidget toolkit functioncalls for testingpurposes.It
couldalsobeusedto enablelegacy applicationsto useimprovedor adaptedversionsof
agivenUI toolkit.

3. Accessibilityand AUIs

Oneof themorecomplex aspectsof GUIsonUnix systemsis thequitecommonpractice
of simultaneouslyusingapplicationsbuilt upondifferentwidgettoolkits.Screenreaders
onUnix thereforemusthandlethedifferentwidgettoolkits.Figure1 showspartsof three
differentapplicationUIs: Firefox, XFig, andGAIM. The top snapshotsboth containa
menubar, while all threecontainbuttons.While thelook of themenubarsandthebuttons
is quitedistinctly differentbetweenthesnapshots,usersintuitively know thatall menu
barsessentiallywork thesameway. Thesameappliesto thebuttons.Functionalityis the
commonfactor.

The Gnomedesktopenvironment [14] provides accessibilityfor various widget
toolkits providedthatthetoolkits implementan“accessibilitybridge” thatcaninterface
with theAssistiveTechnologyServiceProvider Interface(AT-SPI).HanemanandMulc-
ahy provide a detailedarchitecture[15] diagramfor theGnomeAccessibilityArchitec-
ture, describingthis dependency (seeFigure 2). The applicationlayer in the diagram
coversboththeactualapplicationcodeandthewidgettoolkit implementation.Applica-
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Figure1. Partsof UIs usingvariouswidgettoolkits:Firefox (upperleft), XFig (upperright), GAIM (bottom)

Figure2. TheGNOMEDesktopAccessibilityArchitecture
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Figure3. AbstractingtheUI: Schematicoverview

tionsmustbeimplementedwith accessibilityin mind,by callingspeci�c functionsin the
widgettoolkit.

The well known developmentparadigmto separatepresentationand application
logic makesit possibleto avoid the widget toolkit speci�c accessibilitybridge.Rather
thanconstructingtheUI by meansof functioncalls into a speci�c widgettoolkit, appli-
cationswill implementtheir UI by meansof an AUI de�nition. This de�nition canbe
constructedprogrammaticallyusingspeci�c UI creationtoolsthatgenerateadescription
of the UI in a standardformat (e.g.UsiXML [12]). The visualisationof the UI is then
delegatedto widgettoolkit speci�c AUI interpreters,while non-visualpresentationof the
UI is behandledby alternative AUI interpretersthatcanserve screenreaders.Figure3
providesa schematicdescriptionof this approach.For this techniqueto be successful,
theAUI mustbeableto representbothdataandadescriptiononhow to presentthatdata,
assuggestedby Trewin, Zimmermann,andVanderheiden[11].

Mynatt and Weberdiscussfour importantHCI designissues[2] that needto be
addressedaspartof any non-visualpresentationof GUIs:

� Coherencebetweenvisualandnon-visualinterfaces
Collaborationbetweensightedand blind usersrequirescoherencebetweenthe
visualandnon-visualinterfaces.Thementalmodelof theUI mustbesubstantially
similar to both usergroupsto allow clearcommunicationabouthow to usean
applicationto accomplisha speci�c goal,andoneusershouldbeableto observe
theactionsof another.
By abstractingtheUI andvisualisingit by meansof speci�c AUI interpretersco-
herenceis guaranteed.Both thevisualandthenon-visualpresentationsaregen-
eratedfrom asinglesourcethatprovidesbothadescriptionof theUI andthedata
presentedin it.

� Explorationin anon-visualinterface
Non-visualmodalities(auditoryandtactile)arelimited in their ability to provide
informationto theuserin partdueto their largely serialnature,whereasa visual
UI canprovide informationin parallelin averyef�cient way.
Thescreenreaderimplementationmustprovide speci�c non-visualmechanisms
to explore the non-visualinterface.Given that the GUI is capableof providing
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informationby meansof spatialpropertiesof UI elements,oftenbeyondthescope
of asingleapplication,non-visualalternativesmustalsobeprovided.

� Conveying graphicalinformationin anon-visualinterface
GUIscommonlypresentinformationin astrictvisualway: icons,attributesonUI
elements,appearanceof UI elements,. . .
Dueto thenatureof theAUI mechanism,visualaspectsof UI elementsarehan-
dledby theAUI interpreters.Thenon-visualinterpretercanprovide information
to thescreenreaderconcerningthepropertiesof UI elements.It is the responsi-
bility of thescreenreaderto presentthis informationin ausableway.

� Interactionin anon-visualinterface
Interactionin a GUI is oftenbasedon visual idioms(clicking a button,moving a
slider, . . . ) whereasablind userrequiresspeci�c non-visualformsof interaction.
The screenreaderis responsiblefor providing modesof interactionthat canbe
translatedinto theirequivalentvisualmodes.TheAUI componentis thereforenot
only responsiblefor thepresentationof theUI, but alsofor abstractinguserinput
(whereneeded).An exampleof this functionality would be translatingspeci�c
key combinationsinto mouseoperations.

An additionaladvantageof beingableto interpretanAUI in a non-visualway can
befound in centralisedcomputingenvironments.Executinganapplicationon a remote
systemanddisplayingtheUI on thelocalsystemis averycommonpractisein theUnix-
world. Programmaticallyde�ned GUIs typically requirethescreenreaderto issuefunc-
tion callsacrossthenetwork in orderto queryattributesof speci�c UI objects.A screen
readerbasedon an AUI could requestthe currentstateof (part of) the UI in a single
remotefunction call and interpret it locally. Experimentswill show whetherthis is a
signi�cant advantage.

4. Integration with existingAUIs

While this paperproposesabstractingthe UI of applicationsasa solutionto providing
non-visualaccessto application,it is unlikely thatdeveloperswill beinterestedin adopt-
ing sucha techniquepurely for the purposeof supportingaccessibility. On the other
hand,thepotentialfor user-selectable“look andfeel” by specifyingwhich visualisation
shouldbeusedmaybeanattractive featureof this technique.

Past[10] andcurrent[11,16] researchon abstractuserinterfacesexpandsuponthe
separationof presentationandapplicationlogic, andthe observation that the talentre-
quiredto developUIs is quitedifferentfrom thetalentrequiredto write applicationlogic.
An areathat receivesa lot of attentionis the developmentof UI creationtools,gener-
atinganabstractdescriptionof theUI. Ratherthantrying to provide multiple layersof
abstraction,it is proposedthatexisting UI descriptionlanguages(suchasUsiXML) are
extendedto provide theinformationneededfor non-visualpresentation.

5. Conclusion

Thispaperpresentsanalternative techniquefor providing non-visualaccessto graphical
userinterfaces,by meansof an abstractionof the userinterface.While the technique
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is theoreticallyfeasible,only anactualexperimentalimplementationcantruly put it to
thetest.In thecomingmonths,aninitial AUI descriptionwill bede�ned alongwith the
implementationof a visual renderingagentbasedon existing widget toolkits. Building
uponthatwork, a non-visualrenderingagentwill beimplementedtogetherwith a basic
screenreader. Throughoutall researchanddevelopment,experimentalimplementations
will bepresentedto blind usersfor feedbackonthetechniquesusedandits effectiveness.

Variousquestionsremainunanswered,andwill requireadditionalresearchin coming
months.The interpretationof the AUI for non-visualpresentationrequiresmappings
from mostly visual metaphorsto non-visualone.Properintegrationwith existing AUI
frameworks is required,becausethis techniqueheavily dependson the adoptionof the
AUI applicationdevelopmentparadigm.
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