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Abstract
Peopleoftenneedto quickly accessor maintainawarenessof secondaryinformationwhilebusywith otherprimary
tasks.Informationvisualizationsprovide rapid, effectiveaccessto information,but are generally designedto be
examinedby users as theprimary focusof their attention.Thegoal of this research is to discover howto design
informationvisualizationsintendedfor the peripheryand to understandhow quickly andeffectivelypeoplecan
interpret informationvisualizationswhilethey arebusilyperformingothertasks.Weevaluatedhowseveral factors
of a visualization(visualdensity, presencetime, andsecondarytasktype)impactpeople'sabilitiesto continuewith
a primary taskandto completesecondarytasksrelatedto thevisualization.Our resultssuggestthat,with relaxed
timepressure, reducedvisualinformationdensityanda singlewell-de�nedsecondarytask,peoplecaneffectively
interpret visualizationswith minimaldistractionto their primary task.

1. INTR ODUCTION

Peopleneedinformation. Many decisionsand actionsare
basedoninformationgatheredfrom avarietyof sources.The
weatherdictateswhat peoplewearandwhetherthey carry
umbrellas.Stockpricesin�uence investments.Traf�c infor-
mationhelpsdecidewhich routesto take andwhich not to
take.With theadventof theinternetandwirelesstechnology,
theseandother informationresourcesarereadily available
oncomputerdesktops,cell phones,handheldcomputers,in-
dashvehicledisplays,andelsewhere.

With theavailability of this informationcomestheprob-
lem of presentingit in aneffective manner. The �eld of in-
formationvisualizationinvestigatesmethodsfor addressing
thisproblemusinggraphicalrepresentationsthatcaptureand
re�ect importantaspectsof theinformation3 � 22. Information
visualizationscan enableusersto quickly assimilatelarge
amountsof data,and empirical evaluation has led to im-
proveddesignsover time 4.

However, theevaluationof informationvisualizationshas
focusedalmostexclusively on situationsin which usersex-
plore the informationas their only task.In reality, usinga
visualizationis quite often not a person's sole or primary

task.Computerusershave long usedvisualizationssuchas
emailtoolsandsystemloadmonitorsto keeptrackof infor-
mationwhile performingothertasks.Today, asinformation
invadesour desktops,it is importantto understandhow best
tocommunicatethisinformationin aneffectivemanner, with
minimalnegative impacton theuser's othertasks.

This paperexplorestheuseof informationvisualizations
as secondarydisplays(peripheral visualizations). In gen-
eral, a person's attentionwill be focusedon someprimary
task,but at timesmaydivert partialattentionto a secondary
task that involves gatheringinformation from a visualiza-
tion. This may occur throughperipheralvision or shifts in
visual focus,but the primary focusof attentionshouldre-
mainon theprimarytask.Hence,only limited attentioncan
bedevotedto thesecondaryvisualizationtask.For example,
a studentmay want to work on a collaborative assignment
while watchingfor chatmessagesfrom hiscolleagues,or an
investmentprofessionalmay want to monitor stock prices
while sendingemail to herclients,or thedriver of a vehicle
maywantto look at mapdirectionswhile driving.

In orderto designinformationvisualizationsintendedfor
secondarytasks,more understandingis neededabout the
utility of visualizationin multiple-tasksituations.It is sus-
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pectedthat suchvisualizationsare distracting,but little is
known about the degree to which they distract usersand
whetheruserscanovercomethesedistractionsandinterpret
theperipheralvisualizations.Similar to standaloneinforma-
tion visualizations,we expectthatperipheralvisualizations
will have somebene�ts in termsof userperformancefor
assimilatinginformation.However, we alsoexpectthat the
designof peripheralvisualizationswill needto be differ-
ent from standalonevisualizations.For example,a typical
goal in informationvisualizationdesignis to maximizevi-
sualinformationdensity24. But in peripheralvisualizations,
increasedvisualdensitymayresultin additionaldistraction
anddecreaseduserperformance.

We attemptto addresstwo primary questionswith this
work:

How quickly and effectivelycan peopleinterpret an in-
formationvisualizationwhilebusilyperformingothertasks?
Thatis,wewantto learnwhetherpeoplecanpartiallyswitch
from their primary taskto the secondaryvisualizationtask
whenaninformationvisualizationis presented.

How canperipheral visualizationsbedesignedto reduce
distractionwhilemaintainingawareness?For example,avi-
sualizationthatcontainsmoredatapointshasthepotentialto
bettershow clustersandtrendsin thedata,but it seemingly
becomesmoredif�cult to quickly focuson individual data
pointsandcancausedistraction.

In answeringthesequestions,we hopeto establishguide-
linesfor thepresentationof informationvisualizationsin the
periphery. This researchhasthepotentialfor long rangeim-
pactin many domains.For example,studieshaveshown that
integratedin-vehicle systemsdo decreasethe attentionof
thedriver to thedriving task,but do communicateinforma-
tion moreeffectively thannon-integratedsystems9. Effec-
tive methodsfor the timing, placement,andrepresentation
of informationin in-vehicleinformationsystemscould im-
pactsafetyissuesandhelppreventseriousaccidents.

2. RELATED WORK

Many of theguidelineswe usedin de�ning ourexperiments
stemmedfrom early researchon perceptionin user inter-
faces.Someof the earliestevaluationsexaminedthe per-
ceptibility andreadabilityof rapidserialvisualpresentations
(RSVPs)of letters,strings,andwords 10� 13. More recently,
researchershave beenexaminingtheeffectivenessof graph-
ical displayswhen presentedfor short times, focusingon
changesin visual featureslike color andorientation19� 23� 6.
Othersconsideredtheeffectsof visualattributessuchastex-
ture, luminence,dimensionality, and motion in the visual
display8� 11� 12. Thiswork requiredparticipantsto quickly in-
terpretcomplex visual displays,resultingin guidelinesfor
theuseof color in displaydesign.

While perceptionplaysa part in theunderstandingof in-
formation in the periphery, also importantis the ability to

transitionattentionbetweentasksquickly andeasily. All the
previously mentionedevaluationsconsideredtheviewing of
displaysasthesoletaskof theuser. However, in multi-task
environments,userswould bebalancingattention.In recent
years,several researchteamshave examinedthe effectsof
displayinginformationor attractingattentionto displaysin
the periphery2 � 7 � 17� 18� 21. For thesestudies,the researchers
conducteddual-taskexperimentsin which participantsper-
formedsomecentraltaskswhile varioustypesof displays
showeddifferenttypesandamountsof information.This in-
formation was usedin answeringquestionsor performing
secondarytasks.In general,the displaysin the periphery
weretextual 7 � 17� 18 or simplegraphical2 � 21 displays.

Our researchfollows a similar experimentaldesign,but
differsin thatwearefocusingnotontextualor simplegraph-
ical displaysbut on visualizationsthat use many factors
(color, shape,position)to communicateinformation.

3. EXPERIMENTS

In conductingtheexperiments,weexaminehow variousfac-
torsaffect theability to assimilateinformationfrom displays
in theperiphery. Speci�cally, we focuson threefactors:vi-
sual information density, visualizationpresencetime, and
the type of task the userwantsto accomplishwith the in-
formation.

Little work hasbeendoneto assessthevariouseffectsvi-
sualinformationdensitymayhave on informationassimila-
tion, particularlyin multi-tasksituations.We speculatethat
therecommendeddensitymaydependontheuseof thedata.
For example,displayingmany datapointsmaybebene�cial
for recognizingpatternsin thedata,while displayingfewer
datapointsmay be morehelpful for determininga speci�c
valueor datum.

Wealsowanttodeterminewhateffect,if any, thepresence
of visualizationsmayhaveonprimarytaskperformance.For
peripheraldisplays,presencetime becomesimportantwhen
it may interruptor distractfrom a primary task.Determin-
ing limits andrecommendationsfor presencetime is partic-
ularly importantin safetycritical systemssuchasindustrial
machinery, monitoringstations,andvehicleoperation.It is
desirableto only show theimportantperipheralinformation
for anamountof timethatwill not interferewith theprimary
work task,yetenablethesecondarytasks.

Experimental design

This 2 (time) X 2 (density) X 2 (task type) experiment
was designedto determinerelative performanceon tasks
in a dual-tasksetting.Twenty-eightstudentsparticipatedin
the experimentfor classcredit. Participantsperformedsix
roundsof playing a video game(primary) and answering
questions(secondary)aboutthevisualizationthatappeared.

The questionsasked participantsto note in which quad-
rant (upperleft, upperright, lower left, lower right) of the
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Figure 1: Sampleinformationvisualizationsusedin theexperiment.Figure a showsa low densityvisualizationwhile b shows
a high densityvisualization,bothrepresentingthesamedistributionof data.

visualizationatargetwaslocated.Thetargetwaseitherasin-
gle item(e.g.redsquare)or aclusterof items(e.g.greenob-
jects).In eachround,participantsviewedeitherahighor low
densityvisualization.High densityvisualizationscontained
320objectsandlow densityvisualizationscontained20 ob-
jects.Figure1 showsthehighandlow densityvisualizations.
Thesemockvisualizationsweredesignedto mimic common
informationvisualizationssuchastheSpot�re star�eld 1 or
mapsof landmarks.While the lack of real underlyingdata
may have madethe task more dif�cult, we believe that it
wasnecessaryto ensureuniform understandingby all par-
ticipants.

Eachroundstartedwith the presentationof the question
that the participantwould answerusing the visualization.
Thequestionwasthenremovedandparticipantsthenplayed
asimplegameasin thepilot study. After 15secondsof play-
ing the game,the visualizationappearedon the screen.In-
corporatedin the visualizationwastheanswerto the target
question.Thevisualizationremainedvisiblefor eitheroneor
eightseconds,dependingon the testgroup,andthendisap-
peared.Participantsthenplayedthegamefor anadditional
10 seconds.Thetargetquestionthenreappearedalongwith
4 multiple choiceanswers.SeeFigure2 for a screenshotof
theexperimentalsetup.

The time the visualizationwas presentvaried between
participants:eitheroneor eight seconds.The visualization
density(low = 20 objects,high = 320objects)andquestion
type(�nd singleitem,�nd cluster)werebothwithin-subjects
variables.Eachparticipantsaw bothhighandlow densityvi-
sualizationsandeachsaw bothtypesof targetquestion.

Figure 2: Gameand visualizationseenby participants in
theexperiment.Thevisualizationwasonlypresentfor either
oneor eightseconds.Before each round,participantswere
givena questionthat they usedthevisualizationto answer.

For eachround, all participantsplayedthe samegame,
saw the samevisualization,and tried to answerthe same
question.Theonly thingsthatvariedin a given roundwere
the densityof the visualizationand the time the visualiza-
tion wasvisible. To measureprimary taskperformancewe
measuredthepercentof blockscaughtbothfor thetime be-
fore thevisualizationappearedandfor thetime periodafter
it appeared(includingwhile it wasvisible). We referto this
asperformance. Theexpectationwasthatpresentingandre-
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moving the visualizationmay be disruptive to playing the
gameandwe wantedto determineif therewasa signi�cant
disruption;hencewe choseto look at performancebefore
thevisualizationappearedcomparedto afterit appeared.For
the secondarytask performancewe measuredthe correct-
nessratefor answeringthequestions.

4. RESULTS

Theresultsof thisdual-taskexperimentincludemeasuresof
performanceontheprimarytaskaswell asmeasuresoncor-
rectnessin thesecondarytask.Wecompareddifferentcondi-
tionsusingpaired-samplet-tests.Analyzingthesemeasures
separatelyallows us to examinethe issuesdescribedprevi-
ously: the effect of visualizationpresenceon gameperfor-
mance,theeffect of visualizationdensityon informationas-
similation, and the effect of visualizationdensityon game
performance.Weexpectedto �nd thatthepresenceof thevi-
sualizationwould impactperformanceonthegame.Wealso
expectedthatlocatinga singleitem will beeasierin thelow
densityvisualizations,andlocatinga clusterof objectswill
be easierin the high densityvisualizations.The following
sectionssummarizetheresultsof theexperiment.

Performance We found no main effect betweenperfor-
mancebeforethevisualizationappearedandafterthevisual-
izationappearedfor eithertheone-secondgroupor theeight-
secondgroup.This is somewhatunexpectedbecausein api-
lot study, the presenceof the visualizationresultedin over
10%differencein performance.Comparingperformanceon
roundswith high densityvisualizationsto roundswith low
densityvisualizationsindicatesa maineffect in theonesec-
ond conditions,t � 13����� 2 � 46, p � 0 � 029, with low den-
sity visualizations(M � 0 � 604,SD � 0 � 091)yielding better
performanceover high densityvisualizations(M � 0 � 568,
SD � 0 � 071). No main effect on performancefor density
wasfoundin theeightsecondcondition.Whenwecompared
performanceon roundswith the secondarytaskof locating
a singleobjectto roundswith thesecondarytaskof locating
a clusterof objects,we found a main effect in the onesec-
ondcondition,t � 13��� 2 � 410, p � 0 � 031,with performance
higherwhenlocatinga singleobject(M � 0 � 6, SD � 0 � 084)
ascomparedto locatinga cluster(M � 0 � 572,SD � 0 � 076).
Therewasno maineffect for questiontypein theeightsec-
ondcondition.SeeFigure3 for arepresentationof meanper-
formanceafterthevisualizationhasappeared.

Corr ectnessTo examinewhetherthe order (high density
then low density or low then high) in which participants
saw thevisualizationsaffectedcorrectness(answeringques-
tions), we comparedthem within a single time condition.
We found no main effect on correctnessfor the two order-
ings in eithertime condition.However, we did �nd a main
effect for time, t � 13�	�
� 5 � 252, p � 0 � 0002,with subjects
in the eight secondcondition(M � 0 � 94, SD � 0 � 083) an-
sweringmore questionscorrectly than subjectsin the one

Figure 3: Average performance(ratio of blocks caughtto
total blocks) for the 1 secondconditions,basedon high vs
low densityandsinglevsclusterquestiontype.

secondcondition(M � 0 � 571,SD � 0 � 233).Comparingcor-
rectnesson high densityvisualizationsto low densityvi-
sualizationsrevealsa main effect in the onesecondcondi-
tion, t � 13����� 2 � 5, p � 0 � 027 (MH � 0 � 452, ML � 0 � 69)
as well as in the eight secondcondition,t � 13����� 2 � 687,
p � 0 � 019 (MH � 0 � 88, ML � 1 � 0), with peopleanswer-
ing more questionscorrectly with low density visualiza-
tions.Comparingcorrectnesson `�nd singleitem' questions
to correctnesson `�nd clusterof items' questionsrevealsa
maineffect in both theoneandeightsecondgroups.In the
onesecondgroupwehavet � 13�
��� 2 � 219,p � 0 � 045,with
more questionsansweredcorrectly on `�nd cluster' ques-
tions (M � 0 � 69� SD � 0 � 332) than on `�nd single item'
questions(M � 0 � 452� SD � 0 � 28).In theeightsecondgroup
we have t � 13����� 2 � 687, p � 0 � 019, with more questions
answeredcorrectly on `�nd cluster' questions(M � 1 � 0,
SD � 0 � 0) thanon `�nd singleitem' questions(M � 0 � 881,
SD � 0 � 166). We alsowantedto examinewhetherdensity
affectedcorrectnessfor differentquestiontypes.For theone
secondconditionwith `�nd single item' questionswe �nd
a marginal effect for density, t � 13����� 2 � 09, p � 0 � 057,
with peopleansweringmorequestionscorrectlywith thelow
densityvisualizations(M � 0 � 643) thanwith the high den-
sity visualizations(M � 0 � 32).Thesamecomparisonin the
eightsecondgroupproducedamaineffect,t � 13�
��� 2 � 463,
p � 0 � 029,with morequestionsansweredcorrectlywith low
densityvisualizations(M � 1 � 0, SD � 0 � 0) thanhigh den-
sity visualizations(M � 0 � 75, SD � 0 � 38). No main effect
wasfound for densityin answering̀ �nd cluster' questions
in either the one or eight secondconditions,with t � 13���

� 0 � 486, p � 0 � 635 (MH � 0 � 643,ML � 0 � 714) for theone
secondgroup.Participantsansweredall `�nd cluster' ques-
tionscorrectly(100%)in theeightsecondconditionfor both
densities.SeeFigure 4 for a representationof correctness
basedon density, within a question.
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Figure 4: Correctnessbasedon densityfor the single-item
question.There are signi�cant differencesin both the one
andeightsecondconditions.

5. DISCUSSION

Thefollowing list summarizestheresultsof thisexperiment.

Peripheral visualizationscanbe intr oducedwithout nec-
essarily hindering primary task performance. The pri-
marytaskweconsideredrequiredconsistentattention,andit
appearedthatparticipantswereableto allocatethisattention
for visualizationspresentedfor eitheroneor eightseconds.
This is importantas it suggestthat peopleareable to per-
form non-trivial dual taskswith someef�ciency, andgives
hopefor peripheralvisualizationdesignfor similar scenar-
ios suchashighway driving. It is importantto note that if
the primary or secondarytask requiredmore thoughtand
reasoning,then performancemight be affectedby a visu-
alization,aswasseenin thepilot studyandprior work that
considereddocumenteditingastheprimarytask17.

Inter preting complexvisualizationswithin onesecondin
a dual-task scenariocannot be doneeffectively, but with
relaxed time constraints can be very effective. Despite
prior work that suggeststhat the presenceof certainvisual
attributescanbe recognizedin well undera second11, we
foundthatin dual-tasksituationsparticipantsperformpoorly
whenonly shown a visualizationfor onesecond.However,
whengiven eight seconds,they completedthe tasksalmost
perfectly. Thelongerdurationgivesusersfreedomto choose
whento taskswitch,suchasattimeswhentheirprimarytask
situationis momentarilystableandrequireslessattention.

Lower density displayscan result in performancethat is
as good or better than high density displays in a dual-
task scenario. We found this to be truebothwhenpartici-
pantswere�nding singleitemsand�nding clustersof items.
Note that in our experiments,the cluster-basedtask was
fairly simple:participantsweretold thataclusterof informa-
tion existedandthey merelyneededto identify where.How-
ever, astasksbecomemorenumerousanddif�cult, partici-

pantsaremorelikely to becomedistractedfrom theprimary
task as we saw in our pilot study. That presentsa unique
challengeof breakingdown a visualizationtask into a se-
ries of sub-tasksthat canbe completedindependentlywith
low densityvisualizationsand reassembledmentally. This
variantof the“chunking” problem,initially studiedby Herb
Simon20, hasimportantrami�cations for thedomainof pe-
ripheralinformationvisualization.

Finding clustersof visually similar itemsiseasierthan lo-
cating a singleitem. Locatinga clusterof itemsof asingle
color resultedin morecorrectanswersthan locatinga sin-
gle coloredshape.This resultdirectly supportsprior work
by Pomerantzthatsuggestswhendealingwith separabledi-
mensions(suchasshapeandcolor), dividedattentiontasks
would take longer19. Recallthatlocatingthesingleitem in-
volvedbothcolorandshape,whichmakesit adividedatten-
tion task.

6. CONCLUSIONS AND FUTURE WORK

Our work hasfocusedon presentingperipheralinformation
to peoplewhile they arebusy performingsomeother task
that requiressigni�cant amountsof attention.We focused
on the factorsof visual information densityand presence
time,with informationrepresentationthenext logical factor
to consider. ResearchersincludingClevelandandMackinlay
have experimentallyestablishedvisual order-of-precedence
rules for standalonevisualizations5 � 16, but corresponding
rules for visualizationsin the peripheryareneeded.In ad-
dition, if theconceptof informationchunkingwith low den-
sityvisualizationsis tosupportincreasingquantitiesof infor-
mation,thennew low-effort peripheralinteractionstrategies
will needto be explored to enableperipheralinformation
navigationwith minimal distraction.

A betterunderstandingof the effectsof visualizationsas
secondarydisplayswill impactthe increasingdevelopment
of desktopinformationmanagementtools.Computerusers
have long usedvisualizationslike email tools and system
load monitorsto keeptrack of informationwhile perform-
ing othertasks.As systemslikeLetizia 15 provideuserswith
additionalinformationonourdesktopto helpwith browsing
andcommunicating,it is becomingincreasinglynecessary
to identify methodsfor effectively communicatingthis in-
formationwith minimal disturbanceto othertasks.

With further study, we seethis work impactingoff-the-
desktopsituationsaswell, suchasdisplaysin factoriesand
vehicles.In thesesituations,goodguidelinesfor developing
visualizationsassecondarydisplaysshift from beingbene�-
cial to interpretthevisualizationperipherallyto beingessen-
tial to doso.Priorstudieshavelookedattheuseof iconsand
othersimplevisual displaysin in-vehiclesystems14. How-
ever, as the information available while driving increases,
designersmust be ready with safe,effective methodsfor
communicatingit to drivers.
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