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ABSTRACT
Many touch screens remain inaccessible to blind uaeds,
those approaches to providing accetisat do exist offer

minimal support for interacting with large touch screens or

spatial data.In this paper, we introduce a set tifree
softwarebasedaccessoverlays intendedto improve the
accessibility oflarge taich screen interfacespecifically
interactive tabletopsOur access overlays arealled edge
projection, neighborhood browsingnd touchandspeak

In a user studyl4 blind users compared access overlays to

an implementation ofAppleOsVoiceOver screenreader
Our results show thatvo of ourtechniques were faster than
VoiceOver that participans correctly answeredmore
questions about thecreenOs layousing our techniques
and that participantsoverwhelmingly preferred our
techniques We  developed several applications
demonstrating the use aiccess overlays, including an
accessible map kiosk amghaccessibldoardgame.
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Figure 1. Access overlays allow a blind user to accurately
locate items on a 2D touch screen map.

Despite this significant problem touch screens are
increasingly found in consumer technologiesuch as
mobie devices homeelectronics and computers in public
spaces(e.g, ATMs, airport ticket kiosks, andhteractive
mapg. The inaccessibility of touch screercan have
profound effects preventing otherwisendependentlind
peoplefrom performingroutine tasks withouhelp, which
can lead to feelings of embarrassmentl?7]. Blind
consumers have responded ttee spread ofinaccessible
technologieghroughpress event§7], and have organized
lawsuits and boycott3]. Furthermore, inaccessibleuch
screensiot onlyimpactmillions of blind people(more than
1.3 million in the U.S. alorf but alsoseniorsand others
with low vision, & well asother people whouse touch
screes eyesfree, such as while muttisking

Fortunately, some touch screen devicesw provide

For blind people, aessing touch screen interfaces remains 2ccessibility features for blindeople Many touch screen

a significant challengeas most touch screerey on visual

ATMs provide an alternative buttdmased interfacand a

interactionand are not usable by touch and audio alone heahonejack for blind users.In recentyears, several
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researctprojects(e.g.,[10,16) and commercialtools such
as AppleOs VoiceOver for i®&nd GoogleOs Eydzee

! http://www.nfb.org/nfb/blindness_statistics.asp
2 http://www.apple.com/accessibility/iphone



Shell for Android have introduced accessibleouch
interfaceghatcombinegesture input witlspeecloutput

While techniques such a¥oiceOver demonstrate that
touch screens can be maalkeleast somewhatccessibleit

is not at all clear thasuch interfaces areoptimal as
performance comparisons o#ccessible touch screen
interfacesare rare Furthermore, as larger touch screen
devices become more commonadditional interaction
challenges emerge. In particularcreased screen sireay
result in increased search time to findsmmeen tegets and
many interactions withlarge touch screest may require a
blind user to understand theasial layout of the screen,

smartphone.Similar interfacesnow appearin consumer
devices such as AppleOs iPhénand Android-based
smartphones Researchers have also explotechniquego
address specific aspead$ blind touch screen interactipn
such astext entry [3,10,36] and gestureselection[18].
However, these ¢chniques have often focused small,
mobile phonesized screensFurthermore many of these
techniqueschangethe fundamental layout of the screen
improve accessibility Thus, our current work addresses
interaction with larger touch scregmndexplaes methods
to preservausersO understanding of the screen layout

Accessible Maps and Diagrams

such as when exploring a map or working collaboratively While sometouch screen accessibility techniquesy on

with a sighted partner.Most current touch screen
accessibility tools are designed femall, mobile phone
sized devices and may not address the challenges of
interacting with larger touch screensuch asinteracting
with two handsand working with spatial data.

In this paper, we introducaccess overlay@-igure 1), a set
of new techniqueghat enable blind people &xploreand
interact with applications orinteractive tabletos. We
describe our formative work in developinghese
techniques, andhtroducethree access overlay$Ve then
describe astudy in which 14 blind computer users
comparedaccess overlasto VoiceOver Our results show
that access overlaysnable uses to perform tasks faster
than VoiceOverimprove usersébility to answer questions
about the screenOs spdtigbut, and arereferred

RELATED WORK

Our work extendsprior accesgechniques forsmall touch
screendyy introducingtechniquedor spatialexploration of
larger touch screensand isinspired by prior approaches to
increase the accessibility virtual mapsand diagrams

Touch Screen Accessibility

Touch screen interfacelsave been popular for over 20
years[5], and concerns about tmwh screen accessibility
have remainedactive throughout this timg4]. Touch
screen accessibility research has considered various devi
form factors. Earlyresearchexplored accessibilityfor
devices such asformationkiosks[29] anddrawing tablets
[19]. These techniques relil upon hardware modifications,

such asaugmenting a touch screen with physical buttons or

placinga physicabverlayatop the screenSuch approaches
may be expensive to install, may limit the flexibility of the
underlying software (by imposinghysicalstructures), and
may interfere withuse bysighted peopleunsurprisingly,
such techniques have not been widely adopted.

More recent efforts havdocused onusing gesturego

changingthe screen layout to improve usabilityesearcérs
havealso exploredmethodsto improvethe accessibility of
spatialinformation such asmaps[20], walking directions
[25,26], anddiagramg6,22,30] However these techniques
have typically targeed specific domais, and are not
generalizableto all touch screen interfaceBurthermore,
many of these techniquesquirehaptic controllers or other
specialized hardwaréur presentwork exploresmethods
to accesspatial layouts omnmodifiedmulti-touch screens.

DESIGN GOALS FOR LARGE TOUCH SCREENS

When designing new touch screen interfaces for blind
people it is important to considethe criteria for success
Prior approaches have oftesonsidered performance
metricssuch as speed and error rageg(,[3,16]). However,
large touch screens duas tabletskiosks,and interactive
tabletops may introduce additional interaction challenges
related to navigating spatial layoutspllaborating with
others, and using unfamiliar devices in public spaces
Among those issues, our current work focusesamcerns
related topreservingspatial layout,leveraging bimanual
interaction reducing search spageand maintaining
usability inwalk-up-and-usescenarios.

Presering spatial layout.Access techniques that distort or
remove spatial information may neck usersOspatial
understanding and memgorgnaking it more difficult for a

Slind person to understand mapsd diagramsor to

collaborate with sighted peerghus, blind users should be
able to interact with the original spatial layout of an
applicationwhendesired

Leveragng bimanual interaction Most accessible touch
screen interfaces dathsupport bimanual interactipeven

on larger touch screens. Accessible touch screen interfaces
should leverage bimanual interactions on devices that
support themd improve performance.

Reduing search spaceSince blind people must search a

provide blind users with access to touch screens withoutouch screen using their hands, rather than glancing at the

modifying the underlyinghardware.For example,Slide
Rule [16] used multitouch gestures tallow blind users to
browse and explorecontent on a touch screebased

3 http://code.google.com/p/eyéze

screen, the user interface should minimize the distance that
a user needs to covierorderto searclon-screen cornt.

Walkup-and-use. Becausetouch screens are increasingly
found in public spaces, touch screen interfaces for blind
users should be usable in walgR-anduse scenarigsand



shouldnot require userto memorize complex gestures
screen location®r to recognize auditory icons

In addition to the above criteria, there are additional
challenges that are specific to larger touch scresush as
multi-user interaction and interacting with physical objects.
Although our formal evaluation did not specifigahddress
these issues our techniques and applications were
influenced by theseconcerns and can be extended to
address these concerns in the future.

FORMATIVE INTERVIEWS

We began our researddy investigatinghow blind people
organize their workspacesto uncover organization
strategies that could potentially be usex inform the
design oftouch screen user interfaces for blind peope
interviewed8 blind people 4 female,4 male agel 31-66)
in their place of workThe interviewbegan witha guided
tour of the participan©s workspagcefollowed by a
discussion of strategiessedto organize and search that
space. Finally,the participant was presented with
collection of souvenirs provided by theesearchern(e.g.,
postcards, figurinesand coiny and askedhow he or she
would organize those items to show them to a friend.

Organization strategies varied across participanidle
inquired whether participants had
training © help organize their workspgcbut none had
received any sth training. Some participantshad very
rigorous organization structures, such as peesonwho
Oput everything in quadraj@swhile others wemauchless

a dandard applicationWhen activated, an access overlay
gathers information about the location and content of all on
screen targetgnd provide accesgo these targetthrough

a combination of speecand audio feedbaclalternative
gesture input, anddditionaluser interfaceontrols Access
overlays are entirely softwatsased, and do not require
alterations to the underlying touch screen hardware. While
blind touch screerusers would likely benefit fromhe
additional haptic feedbaclprovided by physical touch
screen overlays or by new technologies such as
TeslaTouch[1], these technologies are not yet widely
available. In contrast, access overlays are designed to
improve the accessibility of existing touch screen hardware.

We developed a number of access overlays, and after
iterative design and test, refined three of the most
promising overlays, which we now describe.

Edge Projection

One strategysedby prior touch screeaccesgechniques
(e.g.,[16,29) is to convert a twalimensional interface to a
linear list of targets which we call linearization
Linearizationenablesblind uses to quikly scana list of
on-screeritemswithout the need to search the entire screen
butremoves information abotiescreenOs originialyout.

received vocationalThe edge projection overlay (Figure 2) provides the

benefits of linedration while maintaining the original
spatal layout of the screetWhenedge projection iactive
touching anyon-screentargetreadsthat targetOsame In
addition the edge projectionverlaydisplaysan edgemenu

formal. However, participants® workspaces were typicallythat surroundsthe screen.Each omscreen target has a
organized from an egocentngewpoint, sub thatobjects correspondingedge proxyalong each edgef the screen
were arrayed arourttie participantGair. Frequently used Touching the edge proxfgighlightsthe corresponding en
objects were placed netire resting places of participants® screen target and reads its naB#nd userscan quickly
hands while less frequently used objects were moved to thebrowse through the list of targebs/ sliding their finger
corners of the workspace to keep them out of the Magt acrosshe edgemenu Furthermore, because the pasitof
participantsnoted the importance of keeping items in a the edgeproxy corresponds to the or y-position of the
consistent location so that they could be relocated later.  target, userscan dragtheir fingers from an edge proxy

. . . towardtheinterior of thescreen to locate the desired target
Search strategieslso varied acrosgarticipants. Most

participantsremembered the approximate location of an
item, or the drawer it was ifjut notits preciselocation.
Participants would relocate the object by feeling aroand
general area foan item until they recognized it by touch.

McClure
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Becauseat was possible to accidentally bump or knock over ol Sez
an object while searching, participants weeey careful to o
keep fragileobjects in a consistent, eaf-the-way location
such as tuckingwater cupbehinda computer screen ® -

Our presentdesign work was inspired primarily byour
participants® use dftructured spatial layouts in their
workspaces,their use of edges and corners d¢oganize ]
space, and tlireuse of local search to find items

ACCESS OVERLAYS

Access overlaysire accessiblenteraction techniquethat
improve touch screenusability while presering an
applicationOs original spatial layodtccess overlaysare
implemented asemttransparentvindows thatesideabove

Figure 2. Edge projection. Targets are projected to the edge of
the screen.Lines illustrate the correspondence between an
edge proxy and its associated target.

Edgeprojectionleveragesimanual interactioy allowing
usersto locate on-screen targets using two handsor
example,the usermay locate a target on the both edge
with one hand, locate the same target on the right withe



anotherhand, andmove their hands together toward the
interior of the screen téocate thetarget.Our prototype also
supportsa bimanual context menthat allows the user to
locate a teget along one edgend thenbrowse a list of
actiors that can be performed on that target by touclsing
second edgdn another mode, theecond edge cdre used
to select from a group dflosely clusteredargets: touching
acluster of targets along omelge causes the corresponding
edgeproxies tospreadout along the second edge, allowing
usersto more easilyselect thedesiredproxy.

Edge projectiorwas inspired byur interview participantsO
tendencyto placeobjectsin the edgesand cornerf ther
workspace. Edge projectionpreserveghe original layout
of on-screen contentreduces searchpace andleverages
bimanual interaction Edge projection also supports
collaborationby allowingusersto explore thescreen using
the edge closest to theayoiding conflict with other users

Neighborhood Browsing

A major difficulty in exploring a touch screen without sight
is actually finding targets on the screeMost visual
interfaces usempty spacdo separate and group targets.
Without appropriately dggned feedback, a blind person
touching an empty area of a touch scredght not know
where they are touching, or even if tleystem has
registered their touchlLocating targets on the screen
likewise requires navigating through that empty space.

The neighborhood browsingverlay (Figure 3)addresses
the problem of searching a large touch scigeimcreasing
the size of targets and
Neighborhood browsingises avoronoi tessellatior{8] to
define a neighborhoodaround each oBcreen target
Touchinganywhere on the screepeaks the name of the
nearest targetUsers can precisely locate a targeby
touchingwithin a targetOs neighborhoaald performing a
secondfinger tap gesturg¢l6]. The systemthen provides
guided directiongo the nearestarget asdescribed in the
Additional Featuresubsection below.

Figure 3. Neighborhood browsing uses a Voronoi tessellation
to increase target size. Aliasing of the regions is a visual
artifact, and did not affect functionality.

Neighborhood browsingvas inspired by our participants®
tendency to remember tla@proximatdocationof items in

their workspaceandto search locallyin that approximate
locationto find the item and is also inspired by thmibble
cursor[9]. Neighborhood browsingreserves spatial layout
andreducessearch space.

Touch-and-Speak

Blind PC usersoften rely onkeyboard shortcutthat can be
performed witlout sight.Because many touch screbased
devices do not have keyboards, blitmlich screerusers
mustentercommands byrowsing through a speecheny
which may be slow and tediou§he touchandspeak
overlayallows usersto perform actions much moraiigkly
by combining touch interaction witlspoken commands.
Uses initiate a voice command by performing a second
fingertap gesturen the screeand speaking a command

Currently, three commands are supported: (1) sagigtO
reads all orscreen targs from left to right; (2) saying
(nearbyOreads alltargetsin the same quadrant of the
screen as the userfuch; and (3ypeaking the name af
target provides guided directions from the usér@sr to
the namedtarget.Becausespeech commands begivith a
touch gesture, commasdcan be bound to the touch
location,andrecognition accuracgan be improvedty only
considering options relevant to the current locatit.

Touchandspeak was inspired byur formative interviews
andby prior work that used speeclommanddo improve
pointing precision27]. Touchandspeak preserves spatial
layout, andreduces search space by allowumsgrsto find
any target from any screen locationThe simple voice

reclaiming empty space.commands also suppavialk-up-anduse scenarios.

Additional Access Overlays

We prototyped several other access overlays, including
several types of area cursord35], a grid overlay that
divided he screen into a regular gridnd a world-in-
miniature overlay that presented moverview of the entire
screenin one corner. Pilot participants had difficulty using
these overlays, and see omittedthemfrom our user study.

Additional Features
In addition to the accessoverlays describedabove our
prototypeprovidesseveral other accessibility features.

Auditory Touch Feedback

Some touch screen applications present vifemdback to
let usersknow that a touch event has been recognj3&i
Our techniques provideudible feedback of touch events,
emitting a lowbeep whenever a touds detected.This
feedbackhelpsto prevent errar in which the usetouches
the screen too lightly to be detected.

Audio Dividers

One advantage afsing a large touch screenthe ability to
divide the screen intsubregions.In a visual interface,
these regions are typically denotby drawingbordes or
assigningdifferent backgroundsOur techniques use soft
looping background sounds to differentiate regions of the
screen This allowsusersto identify when they have moved
between regions, and identify the boundariesf a region.



Our current prtotype uses white noisedps, filtered at
different frequencies, to differentiate regions.

Guided Directions

Both neighborhood browsing and towahdspeak offer
guided directions fronthe userOsurrent touch locatiomo
an onscreen targeDirections ae createdby an algorithm
that generatestraight linepaths betweethe userOs finger
(Xu, Yu) and theon-screen targd(x, y;) as follows:

1. If y; <y, movedownto point &, Yo);
2. If ! %, moveleft or right to x;;
3. If y; >y, moveupto y:.

Generated paths first mowown {.e., toward the user) if
possiblejn order to keep the majority of movemetdse to

many as 100,000 blind peop]28]. The study examined
both overall performancevhenusingthe interfaceas well
asparticipantsO spatial understandinthefscreen layout

Participants

We recruitedl4 blind computer userg¢7 male, 7 female),
with an average age of6.4 (SD=12.6). All participants
used a screen readeFEive participants werecurrent
VoiceOver users, antivo otherparticipants hagbreviously
tried VoiceOverbut did not regularly use a touch screen
No other participants regularly used a touch screen.

Apparatus

The study was conductedsing a Microsoft Surface
tabletop computewith a 24inch by 18inch multi-touch
screen,running Windows Vista.Becausethe Microsoft

the user, reducing the need to stretch and the likelihood oSurfaceOs touch scregassurrounded by a bezel tht

colliding with physical objects on the surfacBiagonal

movementsare avoided because pilot subjects found it

difficult to accurately follow diagonal pathshowever,
participants were capable of followingorizontal and
vertical paths If a physical object is present alp the path,
the system identifiests bounding box andisesA* [12] to
routearound theobject Figure 4showsan example path

L} é =

Ocean

Figure 4. Path from the userOs finger to an estreen target.
Directions are provided via sppech feedback at each segment
of the path, e.g., QRight 8 inches.O

Audio feedbacks providedasspokendirections (up, down,
left, and right), and distances (in iref) While some prior
systems have used mappings between tonel@mectionto
guide users(e.g., [15,22), spoken directions aresable
without training and are thus idedbr walk-up-anduse
scenarios.The system first readshe direction to and
distance of the next point in the paghg, ORight4 inches.O
As a user continues on the patlime or shereceives
continuous feedback to continue in that directieng,
ORight, right, rightEO When the path changes direction,

identical to the touch screen itseMfe addecklectrical tape
around the screeto make it easier for paécipants to find
the edge.We also added an external microphone and
speakersNo other hardware modifications were made.

Participants tested eachechnique using a custom
application referred to here agrid-map (Figure 5) This
applicationpresented grid-alignedmapcontaining random
points of interestEachgrid cell was 2 inches square, and 5
items wereshown on the map at any tinfef the 108 cells,

44 cells were excluded as they overlapped portions of the
access overlays@er interface To avoid confounds points

of interest were randomly placednd usedrandomly
generatechames consistingf a place type@arOCCafZO
(Hotel Oor Cstoreg) and a letterg g, OCafZ Z0).

the system speaks the direction and distance to the next path Figure 5. Grid-map application used in the experiment.

point. If the uer diverges from the path beyond a certain

threshold the systenguidesthe user back onto the original

Highlighted squares indicate points of interest on the map.
The study software recorded the start andarehch study

path. All pilot testers and study participants were able to trial, as well aghe start time, end time, and position of each

follow these directions effectivelyand sme participants
could easily estimatelistance moving their finger to the
next path point in one fluid movementrather than relying
upon continuouaudiofeedback

EVALUATION

We conducted a usestudy of thethree access overlays
described aboveThe access overlays were compai@en
implementatiorof AppleO#/oiceOver which is used by as

touch on the screercalculatedusing the Surface SDK
Study data wasaved to a log lé. Participant feedback was
recorded by the experimenter is@parateext file.

Procedure

Participants used each of the techniques to perfioren
distinct tasks using the gridmap application To address
both traditional performance metrics and spatial
understanding, aisks involved both selecting targets and



answering questions about the MaplayoufThe following
tasks were used:

¥ Locate Given the name of target the participanwas
requiredto touchthe grid cell containing thaarget

¥ Count The participant wasaskedto reportthe number of
targets on screen of a specified typey, hotels.

¥ Relate.The participant wagiiven the names dfvo on
screen targets, and was asked to name the topmost
leftmost of thetwo targets(randomly chosen).

Data Collection

Eachparticipantperformedb5 trials of the5 tasksfor each of
the 4 techniqguesBecause theelocate task featured two
steps, twdrials were recorded for that taskneparticipant
was unable to testoiceOverdue to time constraintsA
total of 1650 trials were recorded.For each trial, we
recorded the start timeend time all touch eventsand
participantresponsgfor thecount relate, andselecttasks.

Qfompletion Time
Because triatcompletiontime wasnot normaly distributed

¥ Select. The participant selected a target, either by directly (ShapireWilk W=0.75,p<.01), we used the nonparametric

touckhing it or by some other method, such astouching

Aligned Rank Transforn(ART) [13,24,33]on completion

its edge proxyWhen a target was selected, the systemtime. The ART enables parametric-tésts to be used on

spokethe targemame and a randombelected®pening
time O The participant wassked to report the opening
time.

¥ Rdocate This task consisted dfvo steps Five targets
were randomly placed on the map. During the fitef
the participaniocatedeach targetas in thelocate task
During the secondtep the participant located elatarget
a second time

These tasks coved traditional target acquisitionsélec},
browsing speedcpun), spatial understandindotate and
relate), andspatial memoryrglocate.

Participants performethe studytasks using the following
techniques edge projection, neighborhood browsing
touchrandspeak,and VoiceOver To reduce learning time,
bimanual context menuswvere excluded from edge
projection and thenearby command wasexcludedfrom
touchandspeak. We adaptetppleO¥oiceOver technique
to the Microsoft SurfaceVoiceOver enablessers toselect
targets by touching them directly, &y moving an on
screen cursor througllist of targets using swipe gestures.

Each participant performefie trials of each tasKor each
technique Locate court, relate, and select tasks were
presented in random order within each technigjoek The

relocate task waspresented last within each technique

block. Map locations were randomized for ealdtate
count relate, and selecttrial, and were randomizedonce
pereach techniquelock fortherelocatetask. Trials began

nonparametric datawhile preserving the correctnesd
interaction effectsAfter using the ART, the resulting data
was analyzed using a mixedffecs REML mode| which
preserves large denominator degrebfreedom but
compensates withwider confidence intervals Pairwise
comparisonsisedHolm-Bonferroni orrection[14].

We found significant effects dfechnique(Fz159:=43.47,
p<.0001) andtask (Fs1s85=133.95 p<.0001) on completion
time, as well as aimteraction betweetechniqueand task
(F15158=15.55 p<.000]). The averageompletion timefor
eachtechnique is shown in Figu& Pairwise comparisons
revealed thatouchandspeak was faster thavioiceOver
and neighborhood browsg (Fi1s9266-26.05 p<.01;
F11580.0591.32 p<.01) and thatedge projectiorwas faster

than  VoiceOver and neighborhood browsing
(F1,1502.6627.96 p<.01; F1 158005 94.96 p<.01).
33.0 33.5
24.4 25.8 . .
Touch-and-  Edge projection Neighborhood VoiceOver
speak browsing

Figure 6. Task completion time across all tasks in seconds.
Lower is better. Error bars show +1 SE.

We also computed pairwise differences for each: task

¥ Touchandspeak was faster thaWoiceOver for the
locate, count,and select tasks F;2~=21.07, p<.05;

when the participant first touched the screen, and ended p, »67=10.04,p<.05; F; ,6=8.05,p<.05).

when the participant tapped Finish Taskbutton in the
lower left corner of the screen.

Following each technique block, participans rated the
techniqueusing Likert-type scales (described belowifter
all techniques had been testeparticipans ranked the
techniques in order of preferencand provided general
feedback.Questionnaires were administered verbadind
the experimenterecordedthe answersn a text file The
experiment toolbetweenl.5and2 hoursto complete

Results

We present performance results forleat the techniques
participantsO ratings for each of the techniqased, our
observations of common interactionlstyand challenges

¥ Touchandspeak was fastehan neighborhood browsing
for the count and select tasks (F 267=145.95, p<.05;
F1’257:8.67,p<.01).

¥ Touchandspeak was faster than edge projection for the
counttask(F; ,67=10.08,p<.01).

¥ Edge projection was faster than VoiceOver forlttate
andrelate tasks F1 267=12.75,p<.01;F; 26=8.77,p<.01).

¥ Edge projection was faster than neighborhood browsing
for thecounttask €, 26=79.32,p<.01).

¥ Neighborhoodbrowsing was faster than VoiceOver for
thelocatetask F167=11.38,p<.01).

¥ VoiceOver was dster than neighborhood browsing for
thecounttask €, ,6=75.37,p<.01).



There wasa marginatime difference between thvo steps Likert ratings wee analyzed wusinga Friedman

of the relocate task §1516~=3.68 p=0.056). For the first nonparametric test, with Wilcoxon siggirank tests for
step, touckandspeak, edge projection, ametighborhood  pairwise comparisonsBecause one participant did not
browshg were all significantly faster than VoiceOver complete allfour techniques, that participantOs data was
(F1267=8.94, p<.01; F;6~8.10, p<.01; F;,+~=10.10, excluded from this analysisSignificant results were found
p<.01). On the second step, tleewas no significant effect for the following measuregnjoyable fast useful,andeasy

of techniqueon task time(F;26~=1.01 p=.38, n.s). Note to understand"23,N:13:1527, p<.01; "23,N:13:13.53 p<.01;

that while VoiceOver was significaly slower than the — "%y-15=8.74 p<.05; "%p-15=8.31, p<.05). Pairwise
other techniques at first, it approached the speed of theomparison found the following significant differences:
other techniques for the second stémure 7 shows the touchand speak was significantly more enjoyable than

average taskompletiontime for therelocatetask. VoiceOver g=2.85, N=13, p<.05), andtouchandspeak
First *Second 30.82 was perceived adaster than Voic®ver =2.85, N=13,
92 55 2295 2204 2109 p<.05). No other pairwise differences wedmnd
2018 17.14 18.27 I Participants also ranked each of the techniques that they
* T I tesed from most to least favorit& Friedman test revealed
a significant effect oftechniqueon rank("23,N:13:15.92
p<.001). Pairwise comparison showed that towidspeak

. - ) . and edge projection were ranked significartigtter than
Tot;;f;:;d Edge projection Nekl)?g\t:’c;:god VoiceOver VpiceOver ¢=3.00,N=13, p<_05; Z=3.25,N=13, p<.Q5). _
Figure 9 shows the number of first and second choice picks

Figure 7. Task completion times in seconds fahe two steps of per each tehnique.

relocate. Lower is better. Error bars show =1 SE.

7 7 i
Correct Answer ® First ®Second
Each trial was marked as correct or incorréair locate 3 3 3 3

and relocate tasks, a trial was correctif the participant - - 0 o

touched the specifiergeton thescreen. For other tasks, a ;
trial was comect if the participant provided the correct Touch-and-  Edge projection Neighborhood ~ VoiceOver
response to the questioAs with completion time, we _ SPeak N browsing _
performed an ART procedure and analyzed the results using'9ure 9- Number of participants who chose each technique as
a mixedeffects REML model.There wasa significant their first or second preferred choice.
difference in correct answers lbgchnique(Fs1596=131.34 General Observations and Participant Feedback
p<.0001) andtask (Fs1s585=77.70, p<.0001) as well as a In general, participantsvaried widely in their search
significant interaction betweentechnique and task strategiesHowever, we noticed a numbefrchallenges that
(F15158=23.11 p<.000]). Pairwise comparison showed were commonly experienced when using the touch screen
that there were significantly more incorrect answers wheninterfaces. Regardless of theechnique usedsearching the
using VoiceOver than vén using touctandspeak, edge entire screen to find an item was difficult, tirnensuming,
projection, or neighborhood browsingF; 6q.357=7.31 and often appeared to frustrate participaimgerestingly,
p<.05; F11601.357235.2Q p<.05; Fy16a.35=27.7Q p<.05). many participants seemed to adopt ardhere to
Figure 8 shows the overall correct percentage by technique suboptimalsearchstrategies. Most participangsplored the
screen in A unsystematiaandom fashion, causing them to
93.8% revisit places that they had already explofddre than half
of the participants explode the screen by tapping
i repeatedly, rather than dragging their finger over the screen,

which sometimes caused them passover and miss a

97.9% 98.3% 98.1%

Touch-and-  Edge projection Neighborhood  VoiceOver target while tleir finger was raisedThese strategies may
~ speak browsing have beeradopteddue to participants® lack of familiarity
Figure 8. Correct answer percentage by techniquéiigher is with touch screensyr may havematctedtheir strategies for

better. Error bars show + 1 SE. searching a physical spade( by Geeling around).
Subjective Ratings

Participants ratedeach technique by indicating their
agreement with a series of statements using-goint
Likert-type scale(1=strongly disagree, 7=stronglygeee).
The following statements we used:this technique was _ DL
enjoyable this technique wagfast this technique was had moved pastit by the time its name had been tésets
accurate this technique waustrating this technique was ~ 1€n sometimes struggled to locate the target again.

useful this technique waseasy to understandthis  Although participants were told that they could ese or
techniquehelpedmeto understand the map two hands, most used onbne hand at a timedowever,

Participantsalso varied considerably in the speed with
which they moved their hands. In some cases, moving too
quickly could be confusingsuch as when usemovedtheir
hand quickly across the screen and througtamet but



someparticipants used theiron-dominanthand to tap the
Finish Task button, while others used theinon-dominant
hand to Omeasuréit® distance betweedargetsduring the
relate task. In othercases, participants rested their non
dominant hand at the edge of the scrdaum, sometimes
were confused when they accidentally touclieel screen
and performed some unintended action

Edge projectionoverlay. Participants often commented
positively abaut this technique while using itMost
participants relied primarily on the bottom edge closest to
thenmselves which seens reasonableas it required them to
stretch the least, although one {b&nded participant
primarily used the left edgeParticipants sometimes
Omissed@n itemwhen browsing along the edge because
they startedheir searchfrom an arbitrary point along the
edge rather tharfrom the corner One reason for this
behaviormay have been to avoatcidentally activatinghe
Finish Taskbutton, although participants were told that
nothing addwould happen ithey did accidentally press
the button Very few participants used two hands to
triangulateon-screen targetd-urthermore, although it was
possible to use thposition of the edge proasto quickly
find the leftmost or topmogargetin the relate task most
participants did nodiscoverthis advanced strategy, and
instead located each targetparatelyn thescreen.

Neighborhood browsingverlay. Although neighborhood
browsingwas popillar with participantstfiree chose it as
their favorite technique, and anothtéreechose it as their
second favorite)participants often were slow in using this
technique Neighborhood browsingvas especiallyslow for
counttasks,asthe participant neded to explore thentire
screen to courdll of the itemsOne possible explanation is
that participants had difficulty creating the proper mental
model for the screen layouAlso, participants often used
more than one finger or their whole hand to skeahe
screen(consistent with prior resear¢g4]), and in sadoing
accidentally activated the guided directions featDespite
these difficulties,the guided directions were extremely
popular, and participants were overall quite effective in
following them Many participants commented positively
about this featurefor example, one participant state@l
just love the coaching tanid things on scree®

Touchandspeakoverlay. This technique was populaand
participants could use this technique quickKs with
neighborhood browsingparticipants enjoyed following the
guided directionsSome participants unsuccessfully tried to
invent additional commands, such as sayiiigt hotelsO to
list only the heels on the map, or performedatural
language queries such as OWhat time doesStore X0
open?CHowever, these problems were quickly resolved.
Many participantsiotedthat theyliked this technique but
would not use it in all situations, such as in noisy
environmentsor in public placegdue to privacy concerhs

VoiceOver Participantexperienced several problems when
using VoiceOver Participants found the two selection

modes (wiping to move through the list dfrgets, and
directly touching a targeto select it) to be particularly
confusing and were often unsure which of the two actions
they had takenOften participants would perform a swipe
gesture, hear the name oftargd that theyhad selected
and then be puzzled about how to actually locatetérget

on the screenSwipe gestureswere also performed with
considerable variation, and thus were sometimes
misrecognized. Althoughhe list of targetswas ordered
from left to right, and thus participants cousavipe through
the list toquickly answerrelate questions, fewdid sa

In general, becaus&oiceOver provided no additional
support for locatingargets tasks that required participants
to locate orscreen targetse(@., locate and relocate were
particularly challenging. Participants described this as Oa
painO and one participant was forced to give up locate

task afer beingunable to find the target

DISCUSSION

As mentionedpreviously using touchscreen intedces
remains a significant and sometimes intimidating challenge
for blind people. At the start of the study session, numerous
participants mentioned their lack of skill with touch
screens, and one participant stated that she was Oterrified of
touch screen®Improving the usability, accessibility, and
approachability of touch screens couldherefore
significantly help this currently excluded population.

Our currentresearch began with our assertidratt touch
screen interfacegan be made more effective foblind
people We introducedthree new accessible touch screen
interaction techniquethatimprove upon current techniques
in several waystwo of the three techniques performed
significantly faster thama popularcommerciakechniqueall
threetechniqus resulted in greater spatial understanding of
the screen layout, arall threetechniquesvere preferred to
the commercialtechnique for interacting with a large touch
screen application.

In spite of this general success, it is difficultdeclare a
clear winner from our current evaluatiowhile touchand
spe& was preferred by participantnd performed faster
overall, many participants stated that they would not be
comfortable usingthat technique in some contexts. In
addition, edge projection wasnaminally faster for the
relatetask.lt is possiblethat there is no ObestO solution, and
that different accessoverlays may be appropriate rfo
specific scenarios, much &C-based screen readehave
multiple modes.When asked to choose their preferred
technique, multiple participants said that they would most
prefer the ability to combine or to switelmongtechniques.

Design Recommendations

We designedaccess overlays to support the criteah
presewing spatial layout leveragingbimanual interaction
and reducing search spacen walk-up-and-use scenarios
Our study results reaffirm thienportance ofthese criteria
for developing usable touch screen interfaces for blind



Figure 10. Board game (left) and bulletin board (right) applications, made accessible using an edge projection overlay.

people. In addition teupportingthesecriteria, our study

results and observations suggest
guidelinesfor accessible touch screen

¥ Allow users to quickly switch between linearized and-two
dimensional navigation.Neighborhood browsingwas
especially slow for tasks such aunt because it
provided no easy way to scdiwaugh onscreen targets.

additional design

¥ Avoid implicit mode switchingswitching between modes
should be cleaand deliberateln VoiceOver whichused
both direct touch andswipe gestures, participants

Bulletin board.The bulletin board application allowssers
to explorenotes, calendargnd images on eirtual bulletin
board This interface, built using a modified versiontbé
Microsoft SurfaceOs scatter view control, could be irsed
the futureto organize and shaother types oflocuments.

FUTURE WORK

The results of our studguggestseveralopportunitiesto

refine our existing access overlayNeighborhood browsing
might benefit from a more robust layout algoritiemg.,

Starburst [2]). Touchandspeak might beefit from

sometimes accidentally performed one or the other, andtdditional commands, such as searching within a-user

were confuse by the result.

¥ Avoid distinctions based on the numberfiofjers used.
Participants often used multplfingers to explore the

defined region or searchirigr items of aspecific type.

In addition to extending existing overlays, the system of
access overlays could albe extendetb utilize additional

screenor inadvertently brushed the side of their hand feedbackchannels such asmultiple synthesized voices,

against the screeMulti-finger gestures such as sptap
shouldnot ke used to change modes shouldrequire
some type o€onfirmationto avoid accidental activation.

New Accessible Touch Screen Applications

As access overlaysffer new opportunitiegor blind people
to interactspatially with touch screens, we are depeig a
number of applications to demonstrate these technigdes.
describe three suchapplications two of which are
illustrated in Figure 10

Map. We developed an interactive map thdbws users to
explore citiescountries and points of interesising each of
the access overlay$n the city view, users may request
walking directions tdocal points of interestndsend these
directions to their phone viaSMS. This prototype was
recently demonstrated @he 2011 CSUN International
Technology and Persams with Disabilities Conference,
where it wagestedby approximately a dozen blind people.

Board gameWe haveadded access overlaisa prototype
board game application, specificathe Scrabblerossword
game Currently, blind game players are oftestricted to

individualized audio feedg11,21] or physical adebns
such asSLAP widgets [31]. Combining welldesigned
audio feedback with additional feedback modalities could
significantly improveoverallperformance.

Current access overlays support limited bimanual input, but
do not provide appropriate output when the user is touching
the screen with both hands. Some study participants used
both hands to search the screen, but were unsure which
hand (or part of the hand) touched an item. Following such
an encounter, one participant stated, Ol touched it, but |
dondt know where | touchedOit This problem may be
resolved by providing richer feedback about where items
are on the screen when they are touched.

Currently, access overlays assume thatsareen targets
remain in place while the user explores the scrébe user
is not notifiedwhenon-screentems move. Future versions
could enable users to track the movement ofsaeen
objects over time, enabling access to dynamic content.

While large touch screens are often used collaboratively by
multiple users, access overlays are currentsigied for a

specialized Braille versions of board games, and many oingle user. In the future, access overlays may be extended

our study participants were excited about the possibility of
using a touch screen to play games.

to support collaborative use, either between multiple blind
users or between blind and sighted collaborators.



Finally, access overlaysmay be extendedo general
applications on the Mrosoft Surface or other touch screen
devices Although the applicationpresentedn this study
were specially constructed, future versions
automatically capture escreen targets using existing
accessibility APIsand thus could provide access tmany
standardouchapplicatiors.

CONCLUSION
While currenttouch screen accessibility techniquesvide

basic accest® touch screens, we suggest that an ideal touch ™

screen interface must also address isssiesh as spatial
understanding, especially onrde touch screerdisplays.
We have introducedthree techniques, called access
overlays, which are optimized for exploring spatial

16.Kane, S.K., Bigham, J.PandWobbrock, J.O. Slide Rule:
making mobile touch screens accessible to blind people using
multi-touch interaction techniqueASSET®0873-80.

could 17.Kane, S.K., Jayant, C., Wobbrock, J.@ndLadner R.E.

Freedom to roam: a study of mobile device adoption and
accessibility for people with visual and motor disabilities.
ASSET®09115122,

Kane, S.K., Wobbrock, J.O., and Ladner, R.E. Usable gestures
for blind people: understanding preference padformance.
CHI 011413422.

Landau, SandWells, L. Merging tactile sensory input and
audio data by means of the Talking Tactile Tablet.
EurohapticsO03414418.

Loomis, J.M., Golledge, R.GandKlatzky, R.L. Navigation
system for the blindauditory display modes and guidance.
Presence 72 (1998), 19303.

18.

19

20.

interfaces on large touch screens. Our evaluation showedl.Morris, M.R., Morris, D.andWinograd, T. Individual audio

that access overlays enableusers to locate oescreen
targets fastethan traditional techniquesmproved spatial
understanding and were preferred This work introduces
new approaches famprovingtouch screen accessibility
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