An Evaluation of Information Visualizati on in
Attention-Limited Environments

JacobSomeuwell, D. ScottMcCrickard , Chris North, Maulik Shukla
Department of Computer Science
Vir ginia Polytechnic Institute and State University
Blackshurg, VA 24061-01068JSA
jsomerve@vt.edu,mccricks@cs.vt.edunorth@cs.vt.edu,mshukla@vt.edu

ABSTRACT

Peopleoftenneedo quicky acces®r maintainawarenessf
secondey informationwhile busywith othe primarytasks.
Informationvisualizatiors provide rapid, effective accesgo
information, but are geneally designedo be examineal by
usersasthe primary focus of their attention The goal of
this researchs to discover how to designinformation visu-
alizationsintendel for the perigheryandto uncerstanchow
quicky andeffectively peoplecaninterpiet informationvi-
sualizationswhile they are busily performing other tasks.
We evaluatedhow several factorsof a visualization(visual
density presegetime,andsecondrytasktype)impactpeo-
ple’s abilities to continte with a primary taskandto com-
pletesecondrytasksrelatedo thevisualization. Ourresults
suggesthat, with relaxed time pressurereducedvisual in-
formationdensityanda singlewell-defined secondey task,
peope caneffectively interpret visualizationswith minimd
distractionto their primarytask.

Keywords: Informationvisualization,informationdensity
dual-tasksituationsempiricd evaluatian, peripheal displays

INTRODUCTION

Peopleneedinformation. Many decisionsand actionsare
basedon information gatheed from a variety of sourcs.

The weatherdictateswhat peope wear and whetherthey

carry umbeellas. Stockpricesinfluenceinvestnents. Traf-

fic informationhelpsdecidewhich routesto take andwhich
not to take. With the adwent of the internetand wireless
techndogy, theseandotherinformationarereadilyavailable
oncompterdesktop, cell phanes,hancheldcomputers,in-

dashvehide displays.andelsavhere.

With the availability of this informationcomesthe problem
of preseting it in aneffective manrer. Thefield of informa-
tion visualization investigatesmethals for addressinghis
prodem usinggraphical represetationsthatcaptureandre-
flect important aspectsof the information [3, 23]. Infor-
mationvisualizatiors canenalte usersto quicky assimilate
large amounts of data,and empiricd evalugion hasled to
improveddesignsovertime [4].

However, the evaludion of information visualizationshas
focusedalmostexclusively on situationsin which usersex-
plore theinformationin avisualizationastheir only task.In
reality, usingavisualizationis quiteoftennotapersors sole
or primarytask. Computerusershave long usedvisualiza-
tions suchasemailtools andsystemload moritors to keep
trackof informationwhile perfaming othertasks.Today as
informationfrom chattools, Webalertsystemsstocktrack-
ers,scoretickers, buddy lists, schedulesandothersources
invade our desktopsit is impartantto undestandhow best
to communicatethisinformationin aneffective manrerwith
minimd negative impacton theusers othertasks.

Complecinformationvisualizatisnsoftenrequiresignificant
attentionto analyze andtheir presece cananddoesaffect
otherwork. This paperexplorestheuseof informationvisu-

alizationsassecondry displays(peripheral visualizations).

In geneal, a persors attentionwill befocusedon somepri-

marytask,but at timesit maybe necessaryo divert partial
attentiorto aseconday taskthatinvolvesgatteringinforma-
tion from avisualization Thismayoccurthroudh perigheral
vision or shiftsin visualfocus, but the primary focusof at-
tentionshouldremainonthe primary task.Hence only lim-

ited attentioncanbe devotedto the secondry visualization
task. For exampe, a studem maywantto work on a collab-
orative assignmenwhile watchingfor chatmessagefrom

his colleagies, or an investmentprofessionalmay want to

moritor stock priceswhile sendirg emailto her clients, or
the driver of a vehiclemay wantto look at mapdirections
while driving.

In order to designinformation visualizatis intenced for
secondry tasks, more uncerstandingis neededabou the
utility of visualizationin multiple-tasksituations.It is sus-
pectedthat suchvisualizatiors are distracting but little is
known aboutthedegreeto whichit distractsusersandwhether
userscanovercomethesedistractiors andinterpret the pe-
ripheral visualizatiors. Similar to standaloe information
visualizatiors, we expect that peripteral visualizations will
have someberefitsin termsof userperfomancefor assimi-
lating information. However, we alsoexpectthatthe design
of peripheralvisualizatiors will needo bedifferentthanthat
of standaloe visualizations. For examge, typically a goal
in informationvisualization designis to maximizevisualin-
formationdensity[25]. Butin peripheal visualizationsjn-
creasedvisual density may resultin additional distraction
anddecreasedserperfomance.



In thisresearchwe condict cortrolled empiiical evaluatiors
thatexamire theimpacts,both positive andnegaive, of the
useof informationvisualization asa secondry taskunde a
varietyof condtions.

We attemptio addesstwo primary questios with thiswork:

e How quickly and effectively can peopleinterpret an
information visualization while busily performing other
tasks? Thatis, we wantto learnwhether peoplecanpar
tially switchfrom their primary taskto the seconday vi-
sualizationtaskwhenaninformationvisualizationis pre-
sented. We exanine peope’s perfomanceon the visu-
alizationtasksandthe distractionon their primary task
duiing and after the presentatin of a peripheal visual-
ization.

e How can peripheral visualizations be designedto re-
duce distraction while maintaining awareness? For
exanple, a visualizationthat cortains more datapoints
hasthe potertial to bettershav clustersandtrendsin the
data,but it seeminglybecomesnoredifficult to quickly
focus onindividual datapointsandcancausedistraction.
In searchof a winning combiration or tradeoff analysis,
we exanine severd attributesof information visualiza-
tionsincludng visualinformationdensity presenetime,
andtasktype.

In answeringthesequestionswe hopeto establishguide-
lines for the presenton of information visualizations in
the peripkery. This work represets the initial stagesof a
lengthyseriesof studiesto achieve this goal. This research
hasthe potentialfor long rangeimpad in mary domairs.
For examge, studieshave shown that integratedin-vehicle
systemsdo decreasehe attentionof the driver to the driv-
ing task, but do commuicateinformationmore effectively
thannondintegratel systemd9]. Effective methals for the
timing, placemety andrepresetation of informationin in-
vehicleinformationsystemscould impactsafetyissuesand
helppreventseriousaccidents.

RELATED WORK

Many of theguidelines we usedin defining our experiments
stemmedfrom early researchon percegion in userinter
faces. Someof the earliestevaluatiors examinel the per
ceptibility andreadablity of rapidserialvisualpresentatios
(RSVPs)of letters, strings,andwords[10, 14]. More re-
cently, researcharshave beenexanining the effectivenesof
graphical displayswhenpresentedor shot times,focusing
on changesn visualfeaturedik e color andoriertation[20,
24,6]. Otherscorsideredheeffectsof visualattributessuch
astexture, luminene, dimensiomlity, andmotionin the vi-
sualdisplay[8, 12, 13]. This work required participantsto
quicKy interpetcomplex visualdisplaysfesultingin guide-
linesfor theuseof colorin displaydesign.

While percetion playsa partin the undestandingof infor-
mationin the periptery, alsoimportantis the ability to tran-
sition attentionbetweentasksquickly and easily All the
previously mentiored evaluatins consideedthe viewing of
displaysasthe soletaskof the user However, in multi-task
ervironmerns, userswould be balanciny attention In re-
centyears severalresearcheamshave examiredtheeffects

of displayirg informationor attractingattentionto displays
in the periptery while the useris attemptirg someprimary
task[2, 7, 18, 19, 22]. For thesestudies,the researchrs
condicteddualtask expetimentsin which participants per

formed somecentraltaskswhile various typesof displays
shaved different typesand amouns of information. This

informationwasusedin answeringjuestios or periorming
secondry tasks. In general,the displays in the periptery
weretextud [7, 18,19] or simplegraphcal [2, 22] displays.

Ourresearctiollows a similar expeimentaldesign but dif-
fersin thatwe arefocusirg notontextual or simplegraphcal
displaysbut on visualizatiors that use mary factors(colar,
shapeposition)to comnunicateinformation.Asis explained
in the next section,we usedprior resultsas guiddines in
identifying reasonhle bowundsfor our expelimentaldesign.

EXPERIMENTS

In condctingtheexpeiments,we exanine how variowsfac-
torsaffecttheability to assimilataénformationfrom displays
in the periptery. Specifically we focus on threefactors:vi-

sual information density visualizationpresencdime, and
the type of taskthe userwantsto accomgish with the in-

formation.

Little work hasbeendore to assesshevarious effectsvisual
informationdersity may have on information assimilation,
particdarly in multi-task situations. We speculatehat the
recommendeddersity may dependon the use of the data.
For exampe, displayingmary datapointsmaybebeneficial
for recogrizing patterrs in the data,while displayirg fewer
datapointsmay be more helpful for determiting a specific
valueor datum If oneis trying to locatea singletargetin a
display fewer distractersvould be best. We areconcened
with how the visual density of the perigheralinformation
may causedistractionandaffect primaly taskperfamance.

We alsowantto determinavhateffect,if ary, thepreseneof
visualizatiors may have on primary task perfamance For
peripheraldisplays presencgime becoms importantwhen
it may interrug or distractfrom a primary task. Determin-
ing limits andrecommadatiors for preseetime is partic-
ularly importantin safetycritical systemssuchasindustrial
machirery, moritoring stations,andvehicleopeation. It is
desiralte to only shawv theimportantperipheralinformation
for anamount of time thatwill notinterfere with theprimary
work task,yetenalte thesecondar tasks.

Pilot Study

To betteruncerstanchow pe@le interactwith peripheralvi-

sualizatiosin attentionlimited ervironmens, we condicted
apilot studyin which participantsplayeda videogame(pri-

mary task) while simultaneosly attemptimg to interpiet an
informationvisualization(secondry task). 45 participants
performedthreeroundsof the expeiment, with eachround

displayirg a visualizationof a differentlevel of visual den-
sity. In eachrourd, participants werefirst givenfour ques-
tionsthatthey would answeltusingthe visualization Partic-
ipantsplayedthe videogamefor 30 second, thenthe visu-
alizationappearedor 30 secondsvhile thegare continwed,
andthenthe visualization disappeagd for the final 10 sec-
onds of the gane. After eachround, participarns thenan-



Figure 1: Sampleinformation visualizations usedin the experiment. Figurea shonvsalow densityvisualization, Figureb
shaws a high densityvisualization representingthe samedistrib ution of data. For the main experiment,eachparticipant
sawonly onevisualization (either high or low density) and answeredonequestionper round. Questionsthat participants
answeredincluded “In which quadrant istheredcircle” and“In which quadrant arethe yellow objectsclustered”. Note
that for any quadrant, the high density visualization contains sixteentimes asmany yellow objectsasthe low density.

sweredhefour questionsabou thevisualization. Thegame
involvedcatchirmg drogping blockswith a‘catcher’, by using
theleft andright arrav keys. We felt thatthis would require
constantattention thusmakingit possibleto obsere when
participantsweredistracted.

We varied the densityof the visualizations betweenhigh,

medium andlow, with eachvisualization representingthe

samedatadistribution. Thatis, correspading quadantsof

thethreevisualizatiors containedhesameperentageof ob-

jectsrelatingto the questios that participantsmustanswer
Thehighdensityvisualizationhad3200bjeds, mediun had
80, andlow had20. Visualizationscontainel colored shape
objectswith threedifferentshapesndfour differentcolors.

We chase 20 objectsasa minimum densitybecauset was
feasibleto deternine patterrs and clusteringat that level,

but not with fewer. We expectedthat increasingthe num-
berof objectswould beabendit to thesetasks(detemining

patternsandidentifying clusters)and a detriment to other
tasks(finding or courting the occurenceof certainobjects).
Figurel shavsthe high andlow densityvisualizatiors.

The four questionsasked duiing eachround were: identi-
fying the quadant of the visualizationcontaining an objed

of a certaincolor andshape courting occurencesof certin
objects,deternining the patternformedby certainobjects,
andidentifying the quadant containirg a clusterof certain
objects.Sincetherewerefour questimsto answermervisu-
alization,we decidechotto require participantsto attempto

memoize the questioms befoie beginning the gane. Hence,

thequestionsveredisplayel onscreerduringtheentirerourd.

We alsodeciced not to requre participaits to perfam ex-
tramanualinteractios to indicateanswergo the questiors

while playingthe game So participantsneededo remem-
bertheir answersasthey discoveredthemduring the round.
After thegamewasover, the questionswereagan presented
alongwith four possibleanswerdor eachquestionin amul-
tiple choiceformat.

To betterundestandhow participants betaved, we useda
nonheadmourted eye trackirg systemwith somepartici-
pantsto monita when,where andfor how longthey looked
at the various regions of the screen(game, questio, visu-
alization) We alsocollecteduserperformarce datafor the
gane andcorrectnesslatafor the questions.

Lessons learned

In constreting the pilot study our expectationwasthatpar
ticipantswould spendmnostof theirtimelookingatthegame.
However, afterthevisualizatiorappeagd,participarnslooked
at both the questiols and the visualizationmore than the
gane. Basedon eye-traking data, participantson averag
spentl3percemnof thetotalfixationtimelookingattheques-
tions. This seemedo impacttheir game performarce, as
their block-catchingrate dropped by 10% after the visual-
izationwasdisplayed Furthernore, the high memoy load
of remenieringthe answergo thequestios until theendof
the gamemay have negatively impactedtheir performane
onthesecondrytask.Thesebehaiors arenottypical of the
interactions we intended to model. Hence,in our main ex-
periment,we decidedo presenbnly onequestiorperround
sothatparticipantscould easilymemaize the questionand
remenier their answer This avoids the needto displaythe
guestiornon screerduringthegameandvisualization

Anotherinterestingpbsenation stemmedrom thevisualiza-



tion preseretimesusedn thepilot study In thepilot study

we cheseto leave thevisualizationon-screerfor 30 second

with the expectationthat participantswould only look at it

for asmallportionof thetime. However, participans repeat-
edly looked at the visualization andat the questiondor the
entireon-sceentime. Hence,in the main experiment,we

choseto limit thevisualizationpresenetimeto gainabetter
senseof how quickly participantscould effectively process
thevisualization

We basedurupperbound onasafetyreguation established
by the Societyof Automdive Engineers. It statesthatin-
vehicle navigation systemactiities shouldrequirea maxi-
mum of 15 second to compete, with eyes-df-the+oadac-
courting for appraximately 60 to 75 percen of that time
[11]. For onetestgroup, we choseto presentthe visual-
ization for eight second, just unde the bourd definedby
this guideline.

As a lower limit, we corsideredprior work in which par

ticipantswereasledto identify trendsin dataasquicky as
possiblein single-tasksituations[12]. In this work, partic-
ipantstypically competed the tasksin lessthana second.
For our othertestgroup, we chaseto have the visualization
presenfor onesecondsincethe dualtasksituationis more
difficult. We hopedto detemineif it is feasiblefor people
to find answergo the secondry-taskquestionsin aslittle

asonesecondor if it requiredasmuchaseightsecondgor

more)

Experi mental design

This 2 (time) X 2 (density)X 2 (tasktype) experimentwas
designedto determire relative perfamanceon tasksin a
dual-tasksetting. Twenty-eightundergraduatestuders from

a computer scienceclassparticipatedin the expeiment for
classcredit. Participarns perfamedsix rounds of playinga
videogarne andansweringjuestiors aboutthe visualization
thatappeared. As in the pilot study the primary taskused
in this expelimentwasa simplevideogame. The only dif-

fererce wasa fasterdroprateof blocks thatmadethe game
slightly moredifficult.

Thesecondry taskconsistedf answeriig asinglequestion
abou informationthatwasdisplayedin a visualizationthat
appeaedwhile playingthe game.The questionsasked par
ticipantsto notein which quadant (upger left, upperright,
lower left, lower right) of the visualizatio a targetwaslo-
cated. Thetarget waseithera singleitem (e.g redsquare)
or a clusterof items(e.g. greenobjects). As in mostvisu-
alizations,the picture contaired various outlier objects. In
eachround, participantsviewed either a high or low den-
sity visualization.High densityvisualizationscontaned 320
objectsandlow densityvisualizatiors contaired 20 objects.
Thesemockvisualizatimsweredesigredto mimic comnon
informationvisualizations suchasthe Spotfirestarfield[1]
or mapsof landnarks. While the lack of real underlying
datamay have madethe taskmoredifficult, we believe that
it wasnecessaryo ensureuniform uncerstandindy all par
ticipants.

Eachrourd startedwith thepresentatio of the questionthat
the participant would answerusingthe visualization The

Figure2: Gameand visualization seenby participants in
the experiment. The visualization was only presentfor
either one or eight seconds.Before eachround, partici-
pants were given a questionthat they usedthe visualiza-
tion to answer

guestionwas thenremaved and participans then played a
simplegameasin thepilot study After 15 second of play-
ing the game the visualizationappeagd on the screen.In-
corporatedin the visualizationwasthe answerto the target
guestion The visualizationremaired visible for eitherone
or eightsecondsdependingon thetestgroup andthendis-
appeared. Participaris then playedthe gamefor an addi-
tional10second. Thetargetquestiorthenreapparedalong
with 4 multiple choiceanswers.SeeFigure 2 for a screen-
shotof the expetimentalsetup.

The experimentincludedthreeindependentvariables:

Time lor8seconds timepicturewaspreseh
Density low or high low=20o0bjects high=320
Question singleor cluster find singleor acluster

The time the visualizationwas presentvaried betweerpar
ticipants: eitheroneor eightsecond. The expectationwas
thatparticiparns would becone acclimatedo thetime. The
visualizationdensity(low = 20 objects, high = 3200bjects)
andquestiontype (find singleitem, find cluster)wereboth
within-swbjects variables. Eachparticipait sawv both high
andlow densityvisualizationsand eachsav both typesof
targetquestion

The experimentalsetupincluded four testgroups. The first
testgroy hada visualizationpresenceime of onesecond,
andthey saw highthenlow densityvisualizatiors. The sec-
ondtestgroup differedin thatthey sawv low densitybefore
high densityvisualizatiors. The third test groyp was the
sameasgroup oneexceptthey saw thevisualizationfor eight
second. Groupfourwaslik e groyp two with aneightsecond
visualizationpresegetime. For eachrourd, all participants
playedthe samegane, saw the samevisualizatio, andtried
to answerthe samequestion.The only things thatvariedin
a given rourd werethe densityof the visualizationandthe
time thevisualizationwasvisible.



Figure 3: Average performance (after the visualization
appeared) for the 1 secondconditions, basedon high vs
low density and singlevs cluster questiontype. Both den-
sity and questionresultin significantdiffer encein perfor-
mance.

To measurerimary taskperiormarce we measuredhe per
centof blocks caughtboth for the time before the visual-
ization appeard and for the time period after it appeaed
(including while it wasvisible). We referto this asperfor-
mance. The expedation wasthat presentingand removing
the visualizationmay be disruptive to the participans. For
the secondry task perfaoamancewe measuredhe correct-
nessrate for answeringthe questions. We refer to this as
correctness.

RESULTS

Theresultsof this dual-taskexpeimentincludemeasuesof
perfamanceontheprimary taskaswell asmeasuresncor
rectnessn the secondry task. We compaed differert con-
ditions using a pairedsamplet-test. Analyzingthesemea-
suresseparatelyallows us to examne the issuesdescribed
previously: effect of visualizationpresencen gameperfor-
mance effect of visualizationdersity oninformationassim-
ilation, and effect of visualizationdersity on gameperfor-
mance. We expectedto find that the presene of the visu-
alizationwould impactperformane on the gane. We also
expectedthatlocatinga singleitemwill beeasielin thelow
densityvisualizationsandlocatinga clusterof objectswill
be easierin the high densityvisualizations. The following
sectionssummarizeheresultsof the expeiiment.

Performance
We found no main effed betweenperfamancebeforethe
visualizationappeaed and after the visualizationappeaed
for eitherthe one-secod growp,
( , ), or the eight- secod grOLp
: (

Thisis somevhatunexpectedbecausén the pilot study the
presene of thevisualization resultedn over 10%difference
in perfamane. Compaing perfomanceon rounds with
high dersity visualizationsto rounds with low density vi-
sualizationgndicatesa main effect in the onesecondcon-
ditions, , , with low densityvi-
sualizations( ) yielding better
perfamanceover high den5|tyV|suaI|zat|ons(

). No main effect on perfamancefor densny
wasfound in the eight secondcondtion, ,

Figure 4: 2x2X2 representaion of average performance
after visualization has appeared. Dark arrows indicate
statistica significanceand the dir ection of which group
performed better. Gray arr ows indicate marginal signif-
icance.

, ( ). Whenwe com-
paredperformarce on rourds with the secondey taskques-
tion to locatea single objectto roundswith the secondry
taskto locatea clusterof objects,we found a maineffect in
the one secondcondition , With
perormane hlgherwhenlocaungasmgleobject( ,

) ascomparedto locatingacluster(

). Therewasno main effect for quesuontype
in the eightsecondcordition,
). SeeFigures3 and4f0r arep-
resentauorof meanperfoimanceafter the visualizationhas
appeared.

Correct ness
To examinewhetter the order in which participars saw the
visualizatiors affectedcorrectresswe comparedthemwithin
asingletime condition We found no maineffectoncorrect-
nessfor the two ordeings, with
( ,

condtion and

) for the one second

) for the eight secondcondtion.
As expected we did find a main effect for time,

, with thosein the e|ght secondcon-
dition ( ) answeringmore ques-
tlonscorrectlythanthosem theonesecondcondition(

). Comparimg corred¢nesson high den-
S|tyV|suaI|zat|onsto low densityvisualizatiorsrevealsamain
effectin theonesecondctondtion,

, ) aswell asin the eight sec-

ond conditian, ( ,
), with peope answermgmore questionscor

rectly with low densityvisualizations.Compaing correct-
nesson ‘find singleitem’ questiois to correctneson ‘find
clusterof items’ questiongeveals a main effectin boththe
oneand eight secondgroups. In the one secondgrolp we

have , with more questions
answerectorrectlyon ‘flnd cluster’ questlons( ,

) thanon ‘find singleitem’ questiony
, ). In the eight secondgroup we have
, , with morequestios answered



Figure 5: Secondarytask correctnessbasedon visual-
ization density and questiontype. There is a significant
differ encein correctnessin both the 1 and 8 secondcon-
ditions.

Figure 6: 2x2x2 representation of average correctness
basedon density, question type and time. Dark arrows
indicate statistical significancewith the arr owheadindi-

cating the higher corrednessrate. Gray arr ows indicate
marginal significance.

correctly on ‘find cluster’ questioss ( , )
thanon ‘find singleitem’ questios (

). SeeFigures5 and6 for a replesentatmrof correct-
nesshasedon densityand questiontype. We alsowanted
to exanine whetherdensityaffectedcorrectnesgor differ-
entquestiontypes. For the onesecondcondtion with ‘find
singleitem’ questionsve find a marginal effect for density

, with pegle answeringmore
guestios correctlywnh thelow densityvisualizatiors (

) thanwith thehlghdensnywsuahzanone{ ).
The samecomparlsonln the eight secondgroyp produced
a main effed, , with more
guestios answereaorrectly with Iow densnywsuahzauom
( , ) than high density visualizatiors
( ). No maineffectwasfound for den-
sity in answerlngflnd cluster’questios in eithertheoneor
eightsecondconditiors, with
( ) for the one secondgrOLp
Participans answerd all *find cluster’ questios correctly
(100%) in theeightsecondcondition for bothdersities. See
Figure7 for arepresetationof correctressbasedndensity
within a question.

Figure 7: Correctnessbasedon density for the single-
item question. There is a significant differ ence within
both the 1 and 8 secondgroups.

DISCUSSION

Performance

Somaevhat surprisindy, introducing the seconday taskpro-

ducel nodisceriible differenceonprimarytaskperiormane.
Increasingthe visualizationpresege time from onesecond
to eightsecondsioesnot seemto effect perfamance.This

constratswith the pilot study wherevisualizationpresene

time waslonger(30 secong) andthe primary taskwaseas-
ier. We suspectthat the large nunber of secondar tasks
requred of theparticipantsin thepilot wasthe primary con-

tributing factorto this result.

Furthemore,the visual densityhada significantimpacton
performanein theonesecondtondtionsafterthevisualiza-
tion appeared.Peoplewereableto catchmore falling blocks
whentherewas a low densityvisualizationon the screen,
ascompredto whentherewasa high densityvisualization.
Perhap the low densityvisualizationwas less cogritively
demaring and simply distractecthe usersless. However,
in theeightsecondconditian therewasno discerniblediffer-
encein perfamancefor eitherhigh or low densityvisualiza-
tions. Thelonger time spanseemedo provide enowghtime
for participarts to analyz thevisualization.

We found that the questiontype impactedperiormane in
theonesecondcondtion. Peoplecaughtmoreblocks when
they weretrying to locatea singleobjectin thevisualization
thanwhenlocating clustersof objects. Perhapdocatinga
singleitemis not asdifficult aslocatinga clusterof objects,
or perhgsparticipans simply did nottry ashard— notethat
they answeredessthanhalf of thequestionsorrectly.

As with density we seethat question type prodiwcesno dis-

cernille differencein performane in the eight secondcon-

dition. Hence,theremustbe someform of time pressue

on the participans whenthe visualizationis visible for one

secondWe seesignificantneggative impactson performane

with bothdersity andquestiontype,only in theonesecond
testgroyps. This shorttime could have elevatedparticipar

stresdevels,causinghe degracdhtionin perfamance.

Olviously the secondar taskcould be donein roudhly one
secongsohaving the visualizationvisible for eightseconds
may seemlike overkill. We expectedthat peoplewould



prokably look at the visualizationseverd timesduring the
eightsecondcondition andthiswouldredweperfamancen

thosecasesTo getasensef this,wehadahandfil of partic-
ipantsperfom the expeiimentwhile having their eye move-
mentsrecodedwith areflective eye-trackingsetup.As sus-
pectedparticipans lookedat thevisualizationseveraltimes
in the eightsecondconditims andonly onetime in the one
secondcondtion. The duration of the fixations on the vi-

sualizationwerealsoindicative of the behaior. In the one
secondcondtion the fixation wasbetweer0.5and0.9 sec-
onds. In the eightsecondcondtion the fixation timeswere
muchlarger. 1.5to0 3.0second.

Correctness

In considerilg correctresson the secondey task,it appeas
thathaving thevisualizationvisible for alonger timeis ben-
eficial. We alsoseethat visualizationdensityplaysanim-
portart role in answeringhe questios. In boththe oneand
eightsecondcondtions we seesignificantlyhighercorrect-
nessratesfor thelow densityvisualizatiors. Thisis interest-
ing aswe expectedto seemixed performarce with density
basedon thetype of questiam the participarns wereanswer
ing. We expectedpeopleto perform betteron finding single
itemswith low densityvisualizationsandbetteron finding
clusterswith high densityvisualizatios.

Looking furtherat questiortype,we seethatin geneal par
ticipantsperformedbetterwhenlocatingclustersof objects
compredto locatinga singleobject. Hereagainthis could
beattributedto pre-attentive processing Thetaskof locating
a clusterof objectsbasicallyrequred participarts to locate
repeatednstancesof a target color in the display Shape
wasnotafactorfor clustersasit waswhenlocatinga single
object.

In addtion, in the one secondcondtion, we discovereda
tradedf betweenthe primary and secondar tasksfor the
two questiontypes. For single-itemquestionsuserperfo-
manceimproved but corre¢nessdegraded. Whereas,for
clusterquestionsusermperfomancedegradedbut corre¢ness
improved. For clusterquestios, the investmentwasworth-
while, sincetheimprovement in correctressis muchgreater
thanthedecreasin perfamance Perhap<lusterquestiors
causednoredistractionby draving moreof theparticipars’
attentiorawayfrom theprimarytask,but to thebenefitof the
secondey task. Or, pertapsparticipars simply gave up on
single-itemquestionsand maintainedfocuson the primary
task.In ary casethismightindicatethatin time pressureait-
uationspeope have a fixedamount of attentionalresouces
thatmustbetradedoff betweertasks especiallyfor visually
intensize tasksasin our experimentalsetup.

CONCLUSIONS AND FUTURE WORK

We condctedthis researcho explore how quicky andef-
fectively peoplecan interpret an information visualization
while performingothertasks.We consideeda primary task
thatdermandshighattentionfrom the userin orderto empha-
sizethetaskswitchingrequred in dud-task situations.We
usedabstractinformation displaysin the secondarytasks,
andasled participantsto answemuestionsabou thevisual-
ization.

We wantedto exanine how severalfactorsof the visualiza-
tion would affect a persors ability to interpreé themin an
attentionlimited ernvironment. In this work, we focusedon
visualinformationdersity, visualizationpresencdime, and
secondry tasktype asattributesto vary. Eachof theseat-
tributeshasparticuar relevanceto the display of visualiza-
tionsin theperiphery,

The following list outlines the mostinterestingfindings of
ourstudies:

e Peripheral visualizations can be intr oduced without
hindering primary task performance.Theprimaly task
we consideedrequred constanandconsistenattention,
andit appeaedthatparticipars wereableto allocatethis
attentiorfor visualizationgresetedfor eitheroneor eight
seconds.This is importantasit suggesthat pele are
ableto performnondrivial dualtaskswith someefficiency,
andgiveshopefor peripheal visualizationdesigrfor sim-
ilar scenaris suchashighway driving. It is importantto
notethatif the primary or secondar taskrequired more
thoudht and reasonig, then perfamancemight be af-
fectedby a visualization aswas seenin the pilot study
and prior work that considereddocunentediting asthe
primarytask[18].

¢ Inter preting complexvisualizations within onesecond
in a dual-task scenariocannotbe doneeffectively, but
with relaxed time constraints can be very effective.
Despiteprior work thatsuggestshatthe presencef cer
tain visual attributescan be recoquizedin well undera
second12], we found thatin dual-tasksituationspartic-
ipantsperfam poolty whenonly shavn a visualization
for onesecond However, whengiveneightsecond, they
completedhetasksalmostperfectly Thelonge duration
givesusersfreecbm to choosewhento taskswitch, such
asat timeswhentheir primary tasksituationis monmen-
tarily stableandrequiredessattention

e Lower densitydisplayscanresultin performancethat
is as good or better than high density displaysin a
dual-task scenario. We foundthis to be true bothwhen
participars were finding single items andfinding clus-
tersof items. Note thatin our experiments,the cluster
basedaskwasfairly simple:participantsweretold thata
clusterof informationexistedandthey merelyneededo
identify where. However, astasksbecane morenumer
ousanddifficult, participans aremorelikely to becone
distractedfrom the primary taskaswe saw in our pilot
study Thatpreseis aunique challengeof breakirg down
a visualizationtaskinto a seriesof sub-taskghatcanbe
completedndepenlentlywith low densityvisualizations
andreassemblednentally This variart of the “churk-
ing” prodem, initially studiedby Herb Simon[21], has
importart ramifications for the domainof peripkeralin-
formatian visualization.

e Finding clustersof visually similar itemsis easierthan
locating a singleitem. Locatinga clusterof itemsof a
singlecolor resultedin morecorrect answerghanlocat-
ing a single coloredshape.This resultdirectly suppats
prior work by Pomerate thatsuggestsvhendealingwith



separale dimensioss (suchasshapeandcolor), divided
attentiontaskswould take longer[20]. Recallthatlocat-
ing the singleitem involved both color andshapewhich
malesit adividedattentiontask.

Ourwork hasfocusedon presentingperipkeralinformation
to peope while they are busy perfaming someothertask
that requres significantamourts of attention. We focused
on the factorsof visual information density and presence
time, with informationrepresenti#on the next logical factor
to considerResearchetisicluding ClevelandandMackinlay
have experimentallyestablishediisual orderof-precedence
rulesfor standaloevisualizatiors[5, 17], but corresponihg
rulesfor visualizatimsin the peripheryareneectd. In addi-
tion, if the corceptof informationchurking with low den-
sity visualizatiorsis to supprtincreasingjuantitiesof infor-
mation,thennew low-effort peripheralinteractionstratgies
will needto be explored to enableperipheral information
navigation with minimal distraction.

A betterundestandingof the effects of visualizatios as
secondey displayswill impactthe increasingdevelopmen
of desktopinformation mana@gementtiools. Compuer users
have long usedvisualizatiors like email tools and system
loadmonitorsto keeptrackof informationwhile perfaming
othertasks.As systemdik e Letizia[16] provide userswith
additioral informationon our desktopto helpwith browsing
and communicating, it is beconing increasigly necessary
to identify methals for effectively comrunicatingthis in-
formationwith minimal disturbae to othertasks.

With furtherstudy we seethisworkimpactirg off-the-deskop
situationsaswell, suchasdisplaysin factoiesandvehides.
In thesesituations,goad guidelines for developing visual-
izationsasseconday displaysshift from beingbeneficialto
interpret the visualizationperipterally to beingessentiato
doso. Prior studieshave lookedat the useof iconsandother
simplevisualdisplaysin in-vehicle systemg15]. However,
astheinformationavailablewhile driving increases,design-
ersmustbe readywith safe,effective methals for comnu-
nicatingit to drivers.
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