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We investigaed two solutions for numerical (2D) tabular data discovery

and overview for visually impair edand blind users.Oneinvolved accessing
information in tables (26 rows x 10 columns containing integers between
and including 0 and 100 by this target user group using both speech
and non-speechsounds. The other involved accessingsimilar information

in tables of the samesize through speechonly by the sameuser group.

We found that opportunities to accessdata through non-speechsounds
resultin a highly significant decreasein the overall subjective workload,

more specifically in the mental, temporal, performance and frustratio n

workload categaies. This subjective workload assessmenivas supported

by our quantitati ve resultswhich showed a highly significant decreasein

the average time takento completea given data comprehensiontask and a

significantincreasein the number of successfullycompletedtasks.

Keywords: datavisualisation soundgraphs, subjectve workload assessment,
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1 Intr oduction

This paperdescribeghe designand evaluation of a tool for improving accesso
nunmericalinformationin 2D tablesby visually impairedandblind pe@le. Ourearly
experimentationwith homegrown protaypesfor accessinglatain tablessuggests
thattakular datadiscorery andoverview rapidly becomesverwhelmingespecially
for large tableswhenacces®occus solely throughthe speechmedium We propce
thatthatthisis becausét takesanimpracticallylongtimeto listento thewholedata
setin speechandsecondy, it is hardto constriect meanindul meta-inbrmation e.g.
trendinformation,aboutthedatapresentedh this manrer becageof thelimitations
of humanworking memoy (Gomezetal., 199). In this paperwe repat theresults
of ourevaluation carriedoutto verify formally theseinsights.

1.1 IssuesRelevant to Cell-by-cell Accessin Speech
Thepresehde-factostandardor accessinguumtersin 2D tabless through synthetic
speech.Mary blind and partially sightedpeopleusescreernreacer apgicationsto
listento the contentsf atableon a cell-by-cell basis.The speechsynthesisereads
outthecell, selectedhroudh cursa key pressesDiscussionsvith visuallyimpaired
usersaccessingablesusingthis appoachreveal threecentralissues:

Awarenessof their current position within the table: Users get quickly
discouragd when they are lost. The ‘Where am 1?’ information has to
be madereadily available to avoid ary unsettlinguncetainties abouttheir
currert locationin thetable.

Overloadedspeechfeedbackresulting from their navigational moves: The
comma appoachof associatingvery cursorkey presswith speecHeedack
describingthe current row index, columnindex of a cell followed by its
contentsmaybeinappgoptiate. All thisinformationis notneecedall thetime
andloadsunnesessarilythe short-tem memoryof users.

Lack of overall pictur e of the data structur e containing information of interest:
Usersneedto be awareof the overall sizeof thetableandneedto have some
idea of peripheal cell contentsin additionto that of the currently selected
one. This concen abou the importanceof the context of a local piece of
informationonits role in the overall datarepresentigon is in generakelevart
to mostrepresentatiormedia(Kurze, 1998 Alty & Rigas,1998).

The threeissuesjust mentionel reflect clearly the users’needto rementer
more than what is immedately accessibleat ary point in time. Accordirg to
Ben Shneigrmans (199) manta of “ovewiew first and filter to reveal detail”,
databrowsing scenariogypically involve shifts betweendataovewiews and data
inspectios. Unfortunately prodicing dataoverviews in the auditay medium is
currently not asclearasit is in the visual mediun. A numter of designes have
tackledthis prodemthroudh theuseof non-sgechsound but notspecificallyfor 2D
tablescortainingnumkers(Gardrer etal., 1998). While the coreof our apprachis
notradicallydifferentright from thebeginning, we aim atevaluatingourapplication
at the level of the real world tasksthey aredesignedor rathe thanat the level of
nariowly definedonesmoresuitablefor psycheacousticexpaimentdesigns.
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1.2 Motivation for Using Non-speech Sounds

Therehave beena number of earlierattemptsat providing userswith accesso trend
information abouta sequene of numters (Mansur,1975). A comma apprach
is to represena given numkber using the pitch of nonspeechsound. The useof
pitch to representdatawas shovn by Pollack& Ficks (1954) to have a lower error
ratein comparisonto otherauditay dimensiols suchassoundduration, repetition
rate,or loudress.A centralaspecbf ourappoachis theassumptiorthatif overview
informationbecomsimportantatsomepoint duiing adatacompehensiorask,then
oppatunitiesshoud be providedto allow numerical valuesto be accesseth pitch.
Whenanunericalsequencés accessedsaserieof pitchestheresulting'signature
tune’canpresumaly informthelistenerabou its cortentsquickerthanif its conterts
wereto bereadoutoneatatimein speechAn earlyinvestigdion shavedthatthere
is anaturatendenyg to perceve apitchthatis higherin frequeng/ to becomingfrom
asourcethatis verticdly higherin spacevhencomparedto someowertone(Roffler
& Butler, 1968. This resultencairagesus to map low numeical valuesto low
pitchesandto increasehelatterasthenumeical valuesincreasgerhag to maintain
someconguity with thevisualgraphical representionswe areaccustomedtb.

This appoachis not without prodems. While the humanearis very good
at detectingsmall differencesof pitch at a high tempaal resolution the ability to
malke absolutgudgmentis averyrareskill (1% of thepopuation have perfectpitch)
(Moore, 198). Forturately, we are not interestedn replacirg the represetation
of numeical valueswith pitch. We do not expect usersto make corre¢ numerial
valueestimationgasedon pitch percepions. In addition expeimentshave shavn
thatthereis nolinearrelatiorshipbetweermitch percetion andthefrequencg of the
auditoy signal (Stevenset al., 1937. Indeed,ary relatiorship that exists is user
specific. This nortlinearrelationshipbetweerthe numbe andmappel pitch makes
accuratemeanimgful compaisonsbetweerpitcheshard To clarify thisissuefurther
with anexanple, it is quite difficult to listento two pitches,perceve thefirst to be
twice higher thanthe secondanddedice thatthe valueassociateavith thefirst one
is 2 timeshigherthanthatassociateavith thesecondne.

In our designwe do not make use of puresine wavesto gereratethe tones.
Insteadwe usesound prodiwcedby a MIDI synthesiserThe mainadvartageof this
apprachis thatthetonesprodicedhave intrinsically a morecompgex spectrumand
therefae aremoreeasilydistinguishate. In additin, Brewsteret al. (1998) found
they aremorepleasanandthisis knownto haveimportantimplicatiorsfor longterm
use.lt is interestingo notethatwe areusingthefamiliar techniqie usedby Mansur
to mapline grapts to sourd grapls to repesentnumeical valuesin tables. Thus,
traditioral bourdariesbetweerdatarepresetationsin thevisualmediun (e.g grapts
andtablesarecommaly acceptedo bein differentdatavisualisatiorcatejoiies)are
notmaintairedin theauditoly medium.

1.3 Our Evaluation Strategy

We areinterestedn finding out whetherthereis ary valuein exploiting the fairly
widespreadability to perceve pitch differercesfor improving the accessibilityof
tablescontainirg numeical informationto thevisuallyimpairedpeope. Sofar, there
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is little eviderce shaving corvincindy whetherthis stratgyy canwork for realistic
datacompehensiortaskstackledby visuallyimpairedor blind usersontheirown. In
order for our evaluationto produceusefulresultswe adogedthefollowing policies:

e The participars of our experimentshave to be representidve of our target
users.In thatrespectwe contated institutiors (Royal Nationd Institute for
theBlind in PeterbooughandRoyal Blind Schod in Herefad) engayedin the
educatiorof thevisually impaired studets to draw our pod of participants.

e Ourdesignhasto betestedunderrealisticdatacompehensiortaskconditiors.
In principle theinvestigationcanna focusononly oneintermealiatestepin the
datacomprdensionprocesghatwe assumeo be mostrelevart.

Our main reasonfor adoptirg the secondpolicy is that narowly focused
evaluationsoftenexamire isolatedaspect®f anapplication. For examge, onecould
devise experimentswhere participaits are madeto listen to a sequene of tones
and asled to draw a soundgragh. From a humancompuer interface evaluation
perspetive, the succesf suchan exercise doesnot necessarilyextrapolate to a
successfutechniaquie for tacklingdataconprehesionin the auditay medium. For
exanple,while providing userswith theability to brovsedatamappel to nonspeech
sound, the interfaceof the applicationhasto be mademore complec in orderto
acconmodatethe facilities that enableghe userto choosehe brovsingmode,e.g.
speector nonspeechshewantsto bein. A more comgex interfaceinevitably makes
its learningcurve steeper In addition the userwill require morecarefd planring
befae accessingnformationbecase shenow hasto decidetherelevart modeshe
wantsto bein prior to the dataaccessBeforethe experiments,we hadno ideahow
thesevarious factorswould play out andwe did not have enoudn evidenceto make
assumptios abou the impactof theseunavoidablemoda shifts on the usability of
ourapplication

2 Apparatus and Stimuli

The Microsoft SAPI4.0 (SpeechApplication Program Interface) was used to
implementthe speecHunctionalitiesof the applicaion. TheapplicationsendsmiDI
messageto a synthesiseto geneate nonspeectsounds.Participantshave access
to the auditoy messageshrough headmonesand navigate the table through key
presse®f a nuneric keypad. Table1 illustratesthe typical tablethatis accessible
in the auditoly medium usingour application. In this pape, we usethe following
conventiors to simplify our descriptve and explaratory stories. X1 ... Xc ... Xu
arethelabelsof the columrs, X; is thefirst columm, Xc refersto the curren column
andXy refersto thelast. Y1 ... Yc ... Yy arethelabelsof therows, Y is thefirst
row, Yc refersto the currentrow andYy refersto thelast. Thepair (Xc, Yc) refersto
thecurren cell of interesti.e. thecell in focus.

2.1 Sound Mapping Strategy

The mappirg of numkersto musicalnotein the version of the application usedin
our expelimentsis straightfaward. Every number (integer betweerandincluding 0
and 100 in a cell of a tableis usedasa MIDI pitch parameter A more geneal
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Columnreferens
X1 | X2 | ... Xc o Xm
g (2
o | Y2
2
S |
Y L Ye
3 c Xc, Yo
x| ...
N

Table 1: A Typical 2-dimensimal tablethatcanbe accessedsingour application.

Note A|A# | B|C|C#H| .. F F# G
MIDI pitch | O 1 2|3 4 ... | 125 | 126 | 127

Table 2: MIDI pitch parameteto musicalnotemappirg.

mappng from integers to musical notesimplementedin the latestversionof our
application is given by thefollowing function:

X— Smin
y (Snax— Smin) x 121

wherey is roundedto thenearesintegerandis thevalueof theMIDI pitchparameter

represeting anintegerx in anarbitray setof integersrangirg from Spin t0 Spax. We

selectthe MIDI pianoinstrumen for rendeing the notesmainly becausef its wide

rangeof audiblenotesin our MIDI synthesizer

The mappirg also involves panring of the representate nonspeechsound
sources. The latter are localisedalong a line joining the left and right earsand
positional accodingto thepositionof theirrelevantcell in its row or column When
moving down a colum, thefirst valueis associatedvith apitch heardin theleft ear
thesubsegantvaluesareassociateavith pitches localisedonaline betweertheleft
andright ear andfinally, the last value of the columnis perceved in theright ear
Thesameeffectis obtainedwhile navigating acrossarow. Thefirst value is heardto
theleft, thelastvalue is heardto theright andthe intermedate valuesareheardin
betweertheleft andright ears.

We use the coarsepannirg instructiors to place the soundsoucesin the
appr@riate locatiors. Coarsepanring in MIDI range from 0 to 127, with O
represeting left and 127 right. The following simple function is usedto setthe
locationof thesoundsourcesP = (%) x 127rourdedto the nearesinteger, where
P is the pannirg numter, R the rank (startingwith 0) of the cell in the curren
columnor row andN is the nurnber of cellsin the current colunm or row. Thus
every cell is associatedvith two paming nunbers,onebasedon the row andthe
other on the column on which the cell is found During navigation alonga row,
row pannirg numbkersaretriggeredandduiing navigation alonga column column
pannng numkbersaretriggered.
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2.2 Interface (Re)Design Based on Output from Initial Pilot
Studies

Beforecarrnyjing out our experiment,16 sightedpilot participans tried accessinghe
takularinformationthrowgh the auditoy mediumalonein orderto idertify earlyon
ary ohvious prablemswith the application andwith the datacompehensiortasks.
Ourchoiceof a2x 2 factoial expaimentdesignmeanthat4 treatmengrougs were
requred. Sincewe plannedo allocate4 subjectdo eachgroup, we therebreneeded
16 participarnsin all. Thepilot studywasthedressrehearsalor therealexpeaiment
to becarriedoutwith thevisually impairedandblind users.

2.2.1 To Crossor Not To CrossTable Boundares

Participants wereinitially allowedto crosstableboundariesandmove out of them.
Oncethis hapmnedheapplicatiorntriggeredspeechmessaget® navigate themback
into the table. This stratgly was intended to inform usersof the limits of every
row and column Once participans were out of a table, pressinga key to reveal

their current locationcausedhe ‘not in table’ messagéo bereadout. Whenusers
wandeed away from the conterts of thetable,clicking on anarrow keys produced
messagesuchas‘move left’, ‘moveright’, ‘move up’ and‘move down’ whichwas
intenced to guide them backinto the table. Trials shaved that this stratgyy was
confusingto the users.Thus, insteadof allowing the userto venture out of a table,
we restrictedarny navigation outsidethe table boundaries. In the versian usedfor

our experimentswith the visually impaired when&er usersattemptedo crossa
table bourdary an appr@riate nonspeechmessagevas gengatedto highlight the
factthat a boundary hasbeenreached Any further key pressedor navigation in

theinappopriatedirection repetedthe boundarysoundwithout ary chargein their

currentposition

2.2.2 OptimisingSped Feedadk

Most usersfound speechinformation that they really can do without annging.
Our initial designwasjudgedto be over vertosebecausehe application readout
the nameof the current row and column beforepresentingts contentsin speech
wheneer a cell was broudht into focus. Unnecessarynformation was distracting
and oveloadedunnecssarily the short-tem memory of users. Our application
therebre makes useof two different speechmodesto optimisethe speechoutpu.
In the ‘labels’ mode, whenever a cell of the tableis broughtinto focus,its column
nameandrow name(thecell refelents)arereadout only whenthekey 5 is pressed,
thecolunm nameis only readoutwith vettical (Up andDown) cursorkey presseand
row namewith horizantal (Left andRight) cursa key pressesin the ‘value’ mode
only the cortentof the cell in focusis readout. In the currentdesign the userdoes
not needto wait for anauditoly speecimessagéo compete beforeinitiating a key
press.Onging auditoly messageare simply flushedonae a key pressis detected
Thesesimplestratgiesprove to beeffectivein providing theuserwith bettercontrd
ontheamouwnt of speecHeedbak.

We also provide userswith redurdantinformation abou the modethey are
currentlyin by makingvoicecharateristics(e.g.pitchandspeedmodespecific.For
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| Key | Function | Output | Cell information revealedby key press
/ Enterlabesmode | Speech| Either row, columnor bothreadout
* Entervaluemode | Speech| Cell contentreadoutin speech
- Enterpitchmode | Pitch Cell content mappedo pitch

Table 3: Modal keys to selectvalue’, ‘pitch’ or ‘labels’ mode.

exampe, in a given mode, the speecheedtack sound feminine; while in anotter,
thefeedbak sourdsmasculine.

During our pilot studieswe found thatthe spatialcueswe provided usingthe
MIDI coarsepanniry paraneter helpedusersidentify appraximately their curren
positionin the currert row or column Pilot usersalsodid not repat ary confusion
with themappng andthusclearedsomeconcensthatthe spatialencodirg might not
bereadilyundestoodduring atask.

2.2.3 Key Desciptorsin Speeh to Facilitate the Learningof theInterface

In orde to facilitatethelearnirg of theinterface,andtherecall of the functionality
of input keysin various modeswe develop akey descripto facility. Ourapplication
includes a help modetriggered by holding down the Insertkey. This modeallows
usersto pressary key of interestandto be informed of the key functionality in
speech.Thesemessagealsochang to matchtherelevart modein which the user
is currerily in asthe functiorality of the keys is modedepermlent. This facility has
provedto bevery usefulto participars duringthetrainingphaseof the expeiment.

3 Functionality of Numeric Pad Keys

Pressingthe Deletekey producesa high level descriptimm of the data, e.g. “table
contairs informationabou numker of repated casesn London, colunnsrepresen
type of crime androws represetyears”. The keypad keys have beengroypedinto
groys: modalkeys (Table 3), navigation keys (Table 4), shortcutkeys (Table 5)
and overview keys (Table6). Note that (X, Y) indicatesthat the corntentsof the
cell in columm X androw Y readout in speech[X, Y] indicatesthat the conterts
of the samecell is representedasa non-sgechsound. The Key-functionality map
we preseh hereis not the first onewe have comeup with. Theinclusionof three
navigation modesin our designnamely labels, value and pitch is the resultof a
numter of refinemets to provide userswith bettercontrolontheauditoryoutput.

It is worth mentianing herethatin arny of the modes keepingthe keys pressed
(with the exceptia of key 5) will causethe cellin focusto chang repe#edly. Thus
in thepitch mode keepingthecursorkeys pressedvill geneateanoverview similar
to that obtaired whenthe overview keys are pressed.The main differerce is that
whencursorkeys areusedto geneateoveriews, the usercancortrol the direction
andspanof the overview. Whenthe overview key is usedthe currer positionof the
useris notchamgedin tablesothattheusercanfall backto wherehewasbefae the
onsetof the ovewview.
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| Key | Funcion | Labels | Value | Pitch |
1 Moveto cell above Y1 | (X, Yeo1) | [Xe, Ye-i]
- Moveto left cell X1 | X1, Yo) | X1, Y]
- Move to right cell X1 | (X1, Ye) | [Xes, Yl
1 Move to cell belov Yer1 | (% Yern) | [Xe, Yoyl
5 Revealinfo aboutcurrent cell without Xe, Yo (Xc, Yo) [Xc, Yl
moving elsavhere

Table 4: Navigationkeys allowing userto move from cell to cell.

| Key | Funcion | Labels | Value | Pitch |
Home | Jumpto top left cornerof table X, Y1 (X1, Y1) [X1, Ya]
PgUp | Jumpto beginningof current column X, Y1 (X, Y1) [Xc, Yi]
End Jumpto beginningof current row X, Yo | (X1, Ye) | X, Y]
PgDn | Jumpto bottom right corne of table X, Y| O, YN) | X, WD

Table5: Shortcutkeys for moving quickly to strateic positionsin table.

4 Comparing the Effect of Non-speech Sounds on the
Accessibility of 2D Tabular Numeric Information

The purposeof this experimentwasto evaluae how successfullyisually impaired
and blind participans tackled data compehensiontasks under two auditory
condtions namely:

1. speectlonly referredin this paperas(Speech and
2. speectandpitchreferredto as(Pitch).

In the speectonly condtion, the ‘Enter pitch mode’ key wasdisabled.Thus,users
hadaccesdo the cortentsof the tableonly in speechj.e. they could navigate the

tablein the‘value’ or ‘labels’ modcesonly. In the Pitchcondtion, theuserwasable
to navigatethetablein all threemodes, namelythe ‘labels’ mode the ‘vaue’ moce

andthe ‘pitch’ mode.

4.1 Hypotheses

Accessto numeical informationin tablesis improvedwhenopportunitiesto access
nunericalinformationbothin speectandpitch areprovided:

H.1. Theovenall subjectve workloadis redicedunderthe pitch condtion.

H.2. There is a decreasein the time participarts take to tackle set data
compehensiortasks.

H.3. Thereis adecreasé thenumbe of erra's underthe pitch condtion.
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| Key | Function Labels | Value | Pitch |
+ Overview of currert columnwithout Yi... W X, Yo) ... | [Xe, Y] .o
moving elsevhere (Xc, W) [Xc, Yal
Enter | Overview of currert row without X1 ... Xm X1, Ye) ... | X1, Ye] ...
moving elsavhere (Xm, Yo) [Xm, Ycl

Table 6: Overview keys allowing userto triggeran overview outputwith a singlekey press.

Sessiorl Sessiorl
g S |8
Al é (Speeh) (Pitch) gL g
T | CrimeStatstics | Studens Staistics u% :E %
A2 | & | (Speeh) (Pitch) < |2 |0
® | StudetStatitics | CrimeStaistics | = | x
B1| 2 | (Pitch) (Speet) < | F
g Crime Statstics | Studens Staistics <Z': 5)
B2 | & [ (Pitch) (Speet) <
Student Statistics | Crime Staistics
i, 1hour30 .....coviveiii s —

Table 7: Experimentschedle.

4.2 Experimental Design

16 participantswere subjectedo the speechand pitch condtions as describedn
Table 7. The orderin which the tasksand auditay condtions were presentedo
the participantsensuredthat ary effects dueto inherent task difficulty levels and
practice(i.e. increasein tasktackling efficiency dueto increasen familiarity) were
minimised.

4.3 Experimental Procedure

The dataanalysisandinspectiontasksthat participantshadto tackleweredesigned
accordng to a numter of requiements.Firstly, the dataanalysisshouldnot be so
compicatedthatthefocus of thetaskwasontheinterpgretationof the questiorrather
thanon how thetakular datais perceptalisedor accessedSeconty, the questiors
shouldnotfavour a singleclassof datacomprdiensiortaske.g.overview tasksover
datadiscovery tasks.

The two setsof questios that participantsfacein this experiment relateto
Crime and Studen statistics. During the training phase participars had our non-
speechmappng stratgy explainedto them. Through exanples,we madesurethey
hadareasonale undestandingof whatwe meantby pitch, this concep cannd be
assumedo be knownby participants, how thevaluesweremappedo pitch andthe
spatialisatiorof thenonspeectsoundto givethemacueabou theircurrentposition
in the currentrow or columm. Participans werethenallowedto expeiimentwith a
datasetdifferentfrom thoseusedin the expetiment. This provided themwith the
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opportunity to familiarisethemseles with the interfaceandto askthe experimenter
for ary clarificatiors they needed.Also ary majorhearirg impairmen would have
becone appaentduringthis exercise.

During the next two sessionsparticipantswereadministeredherelevart tasks
in therequied order The time taken for tackling eachquestionwas noted. They
werefree to askclarificationsabou questios they felt werenot clear They were
encouagedio make abestguesf thesolutionwheneer they felt any questionwas
too hardto tackle. Participantswerefree to leave during the expaimentswhenaer
they wanted.

In thenext stage the expeimenterexplainedthe variousfactorscontrituting to
the workload varialie in the NASA taskloadindex (Hart & Wickens,1990. After
the meanimgs of the various variades were clarified, the pair wise compaison step
of theNASA TLX wasperfamedto determire theweightof eachcontrituting factor
for eachparticipant. This stepallowedusto compmareworkloadvaluesobtainedwith
this expelimentto othervaluesobtainedform otherindepementexperiments(e.g
a similar experimentbut administeredo sightedusers).The participarns werethen
asledto rateeachfactorfor every taskunder therelevantcordition.

4.4 Construction of Queries

Thedatacomprehensioniasksconstitutedf queriesconstrictedin thesamespirit as
exercisesusedto testthe basicgraphor tableanalyticskills of late primaryor early
secondry schoolstudentsn the UK. We adoptel this apprachfirstly becauseave

wantedto avoid tasks which wereso difficult to understandhat participantswould

find it hardto constriect a meanindul goal befae interactingwith the application

andseconty to increasdhesizeof our pod of participantswho hada wide variety
of educatim baclgrourds. Ouraimwasnotto make anexhatstive evaluation of data
compehensioniasks.They wereusedmainly for motivatingmeanindul interactions

with ourapgication. We repraluceherethetwo setsof questios in ourexperiments
regading two tablesof 260cells containng fictitious nunericaldata.

4.4.1 StudenStatistics:StudenPerformanceAnalysis

This dataseis abaut the performane of a nunber of studers in varioussubjects.
Answerthefollowing questiondasedn theinformationavailablein thetable.

e Namethestudem or studentscoringthe highestmarksfor Biology?

e Thelist of studenis presentedh ascendingrderof marksfor agivensubject.
Namethesubject?

e Namethe subjectmostlikely to have the highestnumter of passeshotethat
thepassmarkis greatethan40?

¢ Namethe studem or studentsscoring the lowest marks for the Assembly
course?

¢ In which cousseis perfamanceparticulaty poa, thatis, mostmarksareless
than40?

e Namethestuden mostlikely to have the highesttotal marks?
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4.4.2 Crime Statistics:London Crime Statistics

This tableis abou the type of crime andthe numter of casesepotedin London
from 1974 to 2000 Answer the following questios basedon the information
availablein thetable.

e Statethe yearor yearsin which the highestnumber of murde caseswasor
wererepated?

e Statethe yearor yearsin which the highesthumter of robbery casesvasor
wererepated?

e Which type or typesof crime hada consistentlyhigh numker, considerthis
nunberto begreaterthan50, of casesepated?

¢ Whichtypeor typesof crimeshavs or shawv a consistentncreasingtrend?

e Statetheyearor yearsin which the numbes of hatecrime casesvasor were
lowest.

¢ Whichtypeor typesof crime shavs or shav a consistentieceasingrend?

5 Results

We now comparethevarious scoresnbtainedor theindividual workload cateyories
asdefinedby the NASA TaskLoadIndex.

5.1 Participants

Theageof theparticipaxtsrangedfrom 23to 57. Therewere7 womenand9 menin

theexpeaiment. Thesubjectdhaddiversevisualimpairmen condtions (e.g.aniridia,
optic atroply, congenital rubella, colatbmaetc....) but nore usedary residwal

vision for tasksrelevant to our expeiiment. Most participantswerecomfatablewith

the notion of tablesandwhatthey areusedfor. The majority did not have special
musicalskills with the exception of threesubjectsvho weremusiciangone claimed
to have perfect pitch). The notion of pitch however wasnew for somesubjectsand
hadto be explaired duiing the training sessionwith exanples. The majority of

our subjectswverefamiliar with screerreaderapplicatiors; somealsohadaccesgo
Braille displays.Fewn wereexpet usersspreadséetapplicdions andsome‘played
arourd’ with spreagdheetwithout really usingthem. Two of the participars were
progammes andappeagdto bevery comfatablewith thenumerickeypad.

5.2 Comparing Workload Categories

Figure 1 illustratesthe average values for the various workload cateyories for the
NASA TLX for visually impairedusers.For completio, we have alsoincluded the
resultsobtaired for anearliersimilar expeiimentwith sightuserswho couldaccess
informationin thetablesonly in the auditay medium

Table 8 shows the resultsof a t-test (paired two samplefor mears) on the
workload categaries. Our resultsshav a highly significantdecreaein the mental
(Tis = 4.46 p < 0.0, tempoel (T15 = 4.00, p < 0.01) periormarce (T15 = 3.70,
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Comparing Subjective Workload under Speech and Pitch Conditions

o Speech
@ Pitch

Score

® Speech*
m Pich*

2 2 g
g 8 ¢ B
= z &

B

PERFORMANCE
FRUSTRATION
WORKLOAD

Workload Categories (Speech* and Pitch* refer to data obtained for sighted
users)

Figure 1: Resultsshaving theimpactof pitch on workloadcategories(standarderrorbarsare
shawn).

Mentd | Physical | Temporal | Effort | Perform-| Frustr | Workload
-ance | -ation

p 0.0002 0.0237 0.0006 | 0.0238 0.0011 | 0.0087 0.0003
Tis 4.4636 2.1594 4.0026 | 2.1568 3.6958 | 2.6709 4.2836
(Sighted) p 0.0044 0.5000 0.0725| 0.0574 0.0939 | 0.0032 0.0082
(Sighted)T14 | 3.0389 0.0000 1.5432 | 1.6813 1.3844 | 3.1916 3.5475

Table 8: Summaryof t-testresults(the cellscontainingp < 0.01arehighlighted

p < 0.01) frustration (T15 = 2.67, p < 0.01), and overall subjectve workload
(T15 = 4.28,p < 0.0J) in thepitch condtion. HypathesisH.1 is thuscorfirmed.

Thereadershouldnotethatthe conditions for thesetwo groupsof participants
werenotidentical.In theexpelimentwith sightedusersdatawasobtainedrom only
15 participants. Also, an earlierversion of the applicationwasused:therewasno
key descripor facility andparticipans hadacces®nly to onespeectandonepitch
mock. While directcomparisonscannotstrictly bemade theresultsdoesprovide us
insightsabaut how visuallyimpairedusersconpareto their sightedcounterpartsand
alsopertapsabouttheeffed theinterfacedesignhasontheworkloadexpeiencedoy
users.Forexample thebarchartshovsthatsightedusersxperiertedmoretempoal
andfrustrationworkload ascomparedto their visually impairedcounteparts. This
maybedueto thefacttheversionof theapplicatian thesightedparticipantsusedhad
only onespeechmodewhich madeit over vertose. This might have sloved down
theirinteractian.
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5.3 Analysisof the Average Time Taken per Question

Visually impaireduserson the averag took 133 seconddo tackle a questionin
speech(standad deviation = 55.83) and on the averagetook only 44 second to
tacklea questionin pitch (standad deviation = 14), this differencewasstatistically
significant(Tys = 6.2, p < 0.01). In the caseof the expetimentwith sightedusers,
no tempaal information wascaptued. On the averag participantsgot 4.6 correct
in the speechconditionandgot 5.3 in the pitch. This differencewas statistically
significant(Tys5 = 2.2, p = 0.0219 < 0.05) Our quantitatve evaludion strongly
suppots hypothesedd.2 andH.3.

5.4 Participant Feedback and General Discussions

The majority of participants found that commandsand modes of interaction were
easyto uncerstandandrememier. Theability to learnthe interfacequickly andget
onwith thetaskwasadefiniteplus.

We have collected here the most positive and the most negative of users
commants.

Positve commaents:

‘thoughtit wasanotler gimmick, oncel startedusingit to tackletasks,
it is quiteuseful. ..’

‘the pitch facility is absolutelyfantastic. ..’

‘... pittchwaseasieonthememay ...’

‘wasnot corvincedwith theideabut it works. ..

‘it is soclearit is easielin pitch’

‘in pitch,| seeapicture...’

Negative commerts:

‘not really usefulfor low values...’
‘difficult to distinguishbetweerlow notes’
‘... pitchmalesit slightly easierxtant say...’

Our quantitative resultsreveal that whenlow valueswere involved in a data
compehensiortask,the benefitsof the pitch mode decreasedThis obserationties
well with the feedtack we got from someparticipantswho statedthat low pitches
weredifficult to distinguish.In our datacompehensiortasks,the lowestfrequeng
presentedo participantsby our applicationwas 8.18Hz (Midi pitch paraneter0).
Earlierguidelinesfor the designof earcas suggesthatthe pitch usedshouldbe no
lower than125-15Mz (the octave of C4) sothatthe sound arenot easilymasled
andarewithin theheaimg range of mostlistenergBrewsteretal., 19%). Ourresults
confirmthat pitch discrimirationsat lower frequenciesis problematic andwe plan
to useanimproved numker to pitch mappng in forth coning experimentsto tackle
thisissue.

Themajority of participarns werepleasedvith thepannirg effectsof thepitches
during table navigation and nonefound the mappng confusing. One participarn
was oblivious to the pannirg effeds and failed to detectspatialisation;we did
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not test spatial hearirg ability during this experiment. However, she was still
able to comgete the datacompehensiontasksusing pitch information alone In
our opinion, this mappirg is an effective way of introducing spatial cuesin the
repesentatiorwithout having recouse to expensive soundrencering hardvare to
producerealisticout of the headspatialisations.

Ourdatarevealsthat,in rarecasesthereis little differenceonaverag between
thetimetakento tackleaquestionunderthespeecttondtion andthepitchcondtion.
This may be dueto the fact that introduwcing a numkber of modesin for browsing
thetablemayimpose extra stratgy building load on participars attemptinga data
compehensiortask. Most participars found choasing the right mock at the right
time duringthetasksolvingprocesstraightfoward. Theevidene is thattherewere
avely smallnurmberof participars who foundmeanimgful modetransitiondifficult
andwereoftenengaedin inefficienttransitions.

6 Conclusions

In summay, weinvestigatedwhethertherearegroundsto introduwcepitchto makethe
experienceof databrowsing moreeffective. Arguably, the obviousway to represent
atablein sounds to usespeectieedbak to inform theuserwheresheis in thetable
andwhatis availablethere. We have demamstratedthrowgh rigorous evaluationof
ourapplication thatnon-speectsoundsf introducedwith carein adatavisualisation
application can have a significantimpacton making it accessiblgo the visually
impaired user Many participans were eagerto find our apprach integratedin
comrmercial prodicts, more so, becase it is simple and shouldnot be difficult to
implementin spreadheetor screerreaderapplications. We hopethatourwork will
provide someusefulpointersto commecial softwaredevelopersengagedin making
datavisualisationsaccessibléo the visuallyimpaired
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