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Experimental Evaluation of Semantic Depth of Field,
a Preattentive Method for Focus+Context Visualization
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Abstract

We introducethe SemanticDepth of Field (SDOF) tech-
nigue,which is an alternatve focus+contgt methodfor in-

formationvisualisation.SDOFblurs objectswhich arecur-

rently out of focus, i.e., not interestingfor the user In the
experimentalstudy describedin this paper we found that
SDOF supportsthe preattentie perceptionof sharptargets
andthe numericalestimationof the amountof databeingin

focus. We investigatedthe influenceof distractingencod-
ings (color and orientation),aswell asthresholdvaluesfor

humanperception.We alsotestedapplicationsof SDOF (a
textviewer and a scatterplot)with regardto their effective-
nessin guidingthe users attentionandwith highlighting of

dataitems.

Keywords: visualization,jnformationvisualization focus+
context visualization;blur, depthof field; preattentiity; ex-
perimentaluserstudy

1 Introduction

Informationvisualization(InfoViz) is the useof computer
supportedinteractve, andvisual representationsf abstract
datato facilitatecognition. Thegoalof InfoViz is to easeun-
derstandingto promotea deepercomprehensionf the data
underinvestigationandto fosternew insightsinto theunder
lying processesBecausenostdatalackaninherentstructure
thatcouldbedirectly understoodsspatial,it isimportantto
find a mappingof datadimensiongo space color, etc., so
that the usercan understandhe data. It is alsoimportant
not to changethis mappingtoo often, becauseahatrequires
the userto learna new mapping(becauséhis or her mental
map[9] is destryed).

Whena lot of datais shown, it is necessaryo be ableto
zoomin on certainpartsto getmoredetail. At the sametime
however, the usermustbe ableto retainanideaof wherein
thedatathezoomeddatais, soasto understandk in relation
to therestof the data. This is calleda focus+contet (F+C)
approachandhasbeenthe subjectof a considerablemount
of work in visualization(seethe section2 for anoverview).
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Semantidepthof Field (SDOF)is anF+Ctechniquehat
is basedon an effect known from photographyand cine-
matographycalleddepthof field (DOF). A lensor lenssys-
temdoesnot depictall objectsequallysharp,but only those
pointswhich arein a planeparallelto thefilm planeatacer
tain distancdrom thelens— all otherobjectsareblurred[7].

We usethe fact that the humaneye is usedto ignoring
blurred objects(becausedhe eye alsohasa limited depthof
field) by blurring currentlyirrelevantobjects. This way, the
usersattentionis guidedto themostrelevantobjectswithout
losingthe (blurredandthuslessprominent)context.

In this paper we presentthe resultsof a userstudythat
examinedthefollowing hypothesesexploringif SDOFsup-
portedpreattentie perceptionof sharptargetitems, the nu-
mericalestimationof presentediata(values,amountsgtc.),
work in combinationwith anothercodingasan orthogonal
(additional)dimension,the guidanceof the users attention
andthehighlightingof datain aconcreteapplicationcontext.
The study consistedof two partsin which the test partici-
pantswere confrontedwith visual non-meaningfuimages
(experimentalstudy) and with meaningfulapplicationcon-
text tasks(evaluationof applications).

In the following section,we discusssomeexisting F+C
methodsandusesof blur in visualization.In the subsequent
sectionwe presentheideaof SDOF, describethe designof
our study discussts results,andfinally provide somecon-
clusionsandfutureplans.

2 Related Work

Most focus+contet methodsaredistortion-oriented 3] (or,
aswe call them,spatial ones.e.g.fisheye views or transfor
mationsinto hyperbolicspace[3]. Thesemethodsmagnify
importantareaswhile at the sametime shrinkinglessrele-
vantones. This way, it is possibleto put more objectsinto
the sameamountof screenspacewithout losing the ability
to recognizedetailsfor the moreimportantones.

The methodsawe call dimensionamethodsdo not change
thelayoutor spaceallocationof avisualization put shav dif-
ferentdatawhereneeded.The usermovesa focuswindow



over the visualization,inside which different or additional
informationis displayedfor the sameobjects.It is thuspos-
sible to usefewer visual cuesanddisplaymoreinformation
without clutteringthe display Examplesfor thesemethods
areMagic LensesandToolglasse$2].

What we call cue methods finally, are usedto point the
userto a partof the displayedinformationthatis currently
mostrelevant. An exampleof suchamethodis aGIS (graph-
ical informationsystem)visualizationthatallows theuserto
find hospitals,streetsetc. [8]. Theresultis pointedout by
drawing it with a highercolor saturatiorandbrightnesghan
the surroundingobjects. With respecto this classification,
SDOFis acuemethod.

Blur hasbeenlittle usedin visualization,which seemgo
be mostly dueto its computationakresourceswith existing
methods.Oneexampleis a multi-layer geographicavisual-
ization[4] thatallows theuserto selectwhich layersto view
by changingtheir blur level andtranspareng

When appropriately used, graphical features such as
shapesize,color, andpositionhave provedto beeffectivein
informationvisualizationbecaus¢hey arementallyeconom-
ical, andrapidly andefficiently processedy the preattentive
visualsystenratherthanwith cognitive effort [1].

Preattentie processinghas beensuneyed in a limited
scoperegardingvisualizationtechniqguesBehavioral exper
iments[9] indicatethataccuratgargetandboundarydetec-
tion is possiblewith bothhueand curvature.

Furthemore, preattentie and interpretatve perceptual
propertieshave beentestedon motion (animation)for com-
plex informationvisualizationl].

3 Semantic Depth of Field (SDOF)

The basicideabehindSDOFis to point out relevantobjects
in avisualizationby usingblur. Thisis usefulwheneerthe
userneedsto selectbetweengroupsof objects,find objects
thatmeetcertaincriteria,or getanoverview of a datasetby
queryingit in differentways.

Relevance

SDOFis basedon the notion of relevance,which is a mea-
surefor thecurrentimportanceof anobject(relevanceis also
usedin other F+C methods,but not explicitly). The rele-
vanceof objectsis calculatedby the applicationfor every
object,andthe userhasto be ableto changethe usedrele-
vancefunctionatary time. Therelevancer of anobjectis a
valuebetween0 and1, wherel denotesan objectof maxi-
mumrelevance,and0 anobjectthatis currentlycompletely
irrelevant.

Blurring

The relevancer is translatedto a blur factor b, which de-
scribesthe amountof blur in termsof a factor A b-value
of 1 produces perfectlysharpimage while arny largervalue
meanghatevery pointin anobjectis enlagedby this factor
(i.e, is spreadover a so-calledcircle of confusion[7]). On
a computerdisplay this meanghatthe imageis drawvn and
thenblurredover b pixelsin eachdirection.

The mappingof r- to b-valuesis doneby meansof the
blur function. Any functioncanbeusedhere but wefounda
linearfunctionto besufficientthatallowedfor athresholdo
besetuptowhichnoblurringtakesplaceatall, andthatthen
stepsup to avaluewhereblurring canbe easilyperceved.

In apracticalapplicationtheblur levelis notsetasanum-
ber, but by shawving the usersharpandblurredobjectsfrom
the application,and letting her or him choosefrom those.
This also makesit possibleto adaptto different usesthat
requiredifferentsettings— like screensprojectiondisplays,
etc. (seethe sectionon OutputSensitvity for details).

Implementation

Blurring is an operationthat is inherentlyslow on current
computerarchitectures.In orderto make SDOF usablein
real applicationswe developeda methodthat makesuseof
texture mappinghardware found on modernconsumer3D
graphicscardsto provide fastblurring of any object[5]. The
methodusestexture mappingto draw several slightly dis-
placedcopiesof the imageover eachother This way, it is
possibleto achiere high frameratesof up to 80 framesper
second(and always at leastcloseto 20fps), even whena
large partof the displayis blurred[6].

Properties

SDOF doesnot changethe layout of a visualization— like
distortion-orientedmethodsdo. It also differs from other
methodsin thatit changeghe appearancef irrelevant ob-
jects,ratherthanof relevantones(which are magnified,for
example). It is thereforeusefulwheneer objectscontaina
lot of informationthatwould beharderto readif therelevant
objectswerechanged.

SDOF is alsoindependenbf color. It doesnot change
thecolor or saturatiorof objects,andcanthusbeusedasan
additionalcueto color, andalsobeusedby color-blind users.

SDOFisintuitive. Becausaisersknow depthof field from
photographsindmovies,andbecausehe humanperceptual
systemis usedto maskingout blurred parts of the visual
field, usersimmediatelyunderstandvhich objectsare the
relevantones. As will be shavn belaw, this distinctioncan
bemadepreattentiely andthereforeprovidesavery efficient
meanf corveying information.
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Figurel: A screenshodf lesSDOF

Distortion-orientednethodscreateside-efectswhereob-
jects that are lessrelevant are magnifiedbecausehey are
closeto arelevantobject,or because¢hey arein betweerar-
easof relevance.SDOFallows directcontrol of every single
object.

Output Sensitivity

Blur (andothertechniquesn computemgraphicslik e photo-
realistic rendering)is inherentlydependentn the viewing

circumstancesA blur discis perceved asa sharppoint if

it is too small for the eye of the viewer to be seenasmore
thana point. Therefore the magnificationof animageand
alsothe distanceof the viewer play a crucialrole for SDOF
(this problemis also known in photography). This makes
SDOFhardto usewhenpeopleareviewing animagefrom

mary differentdistancege.g.,in alargeaudience) For this
reasonan SDOF applicationmustenablethe userto adjust
the parameter# theblur functionfor every sessionsothat
thesedifferencesanbeaccountedor.

Applications

A numberof applicationprototypeshave alreadybeenim-
plementedHere,we only describehetwo thatwereusedin
theuserstudy

lesSDOF:text display and keyword search — mary appli-
cationsprovide functionsto searchext for keywords.Exam-
plesfor this areword processorsyweb browsers,andsimple
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Figure2: An imageof sScatter

text viewing programdlike the UNIX programless These
programsusually showv the identified word by inverting it
(i.e.,dark background|ight text). But the userdoesnot get
ary helpin findingtherelevantcontext for theword, andhas
to searchor the bordersof the containingsentence.

lesSDOFnot only searchegor the keyword, but alsode-
terminesthe surroundingsentenceby looking for punctua-
tion marks.It canshow thecontext it hasfoundthis way us-
ing threedifferentmethods.Thekeywordis alwaysinverted,
andin the simplestmode,the restof the pageis simply dis-
playedasusual. In gray mode,the sentenceontainingthe
keyword is displayedwith a light gray backgroundandis
thusquite easyto see. And in blur mode(Fig. 1), the con-
taining sentencas displayedsharply while the restof the
pageis blurred.

Theuserinteractswith the programby enteringa keyword
andthenusingthe cursorup anddown keys to navigatebe-
tweenhits.

sScatter: scatter-plots — in scatteplots, it is oftendifficult
to displaymorethantwo variables.Whenaddingcolor, ori-
entation,or othercues,it is possibleto extendthis number
Blur is probablya valuableadditionto this asan additional
andeffective visualcue.

sScattelis a programthat draws scatterplots from arbi-
trary datasets. The usercan selectwhich datadimensions
to map to which visual attributes— z-position, y-position,
color, orientation,size, shape transpareng andblur. It is
thuseasilypossibleto find certaindatapointswhich have a
certainsetof featureqFig. 2).



4 User Study

An in-depthstudywascarriedoutin orderto verify (or fal-
sify) both the principal theory which SDOFis built upon,
andspecificquestiongn an applicationcontext. It provides
interestingesultsandallows insightsfor theuseof SDOFas
avisualizationtechniquewhich canbetransferredor other
domainsapplicationsandtechniques.

Research Questions

The study wastargetedat a definedsetof hypothesegon-
cerningthe SDOF visualizationmethod, which assesghe
two issuesjust mentionedabove. The following questions
summarizehehypotheses:

DoesSDOF (1) supportpreattentie perceptiorof sharp
targetitems, (2) supportthe numericalestimationof pre-
senteddata(values,amountsetc.), (3) work in combina-
tion with othervisual codingsasan orthogonal(additional)
dimension, (4) supportthe guidanceof the users attention
in the context of aconcreteapplicationand (5) supportthe
highlighting of datain the context of aconcreteapplication?

Participants

We choseto testa very narrav definedusergroup, so we
would minimize ary (inter- or intra-personalpiasandgain
most valid results. The usergroup thereforeconsistedof
18 male studentg(including 2 pre-tests)all with extensive
Internet and computer experience,aged between18 and
25 yearsandwith very goodeye sight. The latter wasde-
fined asa requiremenfor two reasonsFirstly, becausehe
study focuseson issuesof visual perceptionand bad eye
sightcould causea critical bias. And secondly becauseur
eye tracking systemworks bestfor userswithout lensesor
glasseandwe includedeye-trackingobsenations.

Test Plan of User Study

The underlyingconceptfor this userstudywasto confront
the test participantswith numerousmages— oneat a time
andfor mosttasksonly for a period of lessthan200ms —
andthenmake him answerquestion.The200mswereused
because¢hisis thetime spanin whichit is widely agreedhat
preattentie perceptiontakes place[10]. The analysisand
interpretatiorof the samplesanswersvasthenbasednthe
correctnessf theansweraswell asontheresponsgime.

The overall test plan was composednto two phasesn
which the test participantswere confrontedwith (1) vi-
sualnon-meaningfulmages(experimentaktudy)aswell as
with (2) meaningfultasksin an applicationcontext (eval-
uationof applications).Eachof both phaseswvassplit into
multiple serieswhich arelisted below:

Experimental study — seriesl: targetdetection;
series?2: countestimation; series3: interplay;
series4: perceptuathresholds

Evaluation of applications— seriess: lesSDOF;
seriest: sScatter.

For eachtestparticipanttheteststartedwith agenerabrief-
ing andthe setupof the eye trackingsystem.Thenall series
werecarriedout sequentially(but in differentorder),andfi-
nally the testwas finishedwith qualitative questions. It is
importantto mention thatthe sequencef theimageswithin
a serieswas randomly generatedn order to prevent ary
sequence-basdias. Thetestserieswerechangingsystem-
atically for every participant. Eachtesttook approximately
two hours— including approximatelyl5 minutesof regen-
erationtime for the testparticipantwhich wasconsumedn
oneto two minute slots (mostly after a setof images/tasks
was finished). The study was carriedout in the Usability
EngineeringLabsin Vienna(http://www.cure.at/)andtook
placewithin atime spanof 14 daysin August2001.

Test Materials

In orderto have imageswhich fully allow valid interpreta-
tions, comparatie analysis,and imageswhich avoided all

thinkable bias, we generatedapproximately2000 images
which were checled by handfor overlapsand targetstoo

closeto the quadrantborders(seebelow) beforebeingin-

cludedin thetest. The imagesmainly consistedof ellipses
in variousnumbers,colors, blur levels, and orientationsas
well ascombinationsof those. We choseellipsesasitems
for two reasons: we neededan item which (1) could be
rotated,changingits visual appearancaccordingly(e.g.,a
circle remainsidentical) and (2) could be blurred without
resultingin ary unplannedvisual misconceptionge.g.,due
to changesn shape).Imagesare describedn closerdetail
in eachseries.In addition,two applicationsveredeveloped
(lesSDOFandsScatterpndrespectie datasetswerelocated
andtexts wereproduced.

Technical Environment

In orderto provide animagepresentatiomnf lessthan200ms,
we hadto useanLCD screen(15” TFT, 1024x768,16.8mil-
lion colors, 75Hz), becauseary other screentype would
have caused seriousiasdueto its line-by-linerefresh.The
computemwasaDual-Celerod33MHz with 128MB RAM,;
the input (userfeedback)was given with a mouseand the
space-baof akeyboard.To supporthe analysisof thegath-
ered datawe automaticallyloggedtime on task, reaction
times,locationof mouseclicks andary othersystemor user
behaior which we required.
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Figure 3: Imagesfrom seriesl & 2: (a) locatethe sharp
object; (b) estimateheamountof sharpobjects

5 Experimental Evaluation

During the first phaseof this user study the basictheory
which SDOFis baseduponwastested.In total, four series
weretestedwith eachof thetestparticipants.In the follow-

ing detailsaboutthis phaseof the usedstudyarepresented.

5.1 Seriesl&2:
Target Detection & Count Estimation

Thefirsttwo seriesveredesignedo testthepreattentreness
for thetwo taskstargetlocation(seriesl) andcountestima-
tion (series?).

Tasks

For target location, the test participantshad to identify the
positionof a sharptargetwithin anarrayof blurredobjects
(seeFig. 3(a) for an example). To testthe ability of count
estimation the testparticipantshadto estimatethe number
of sharpobjectsin threecategyories(few, medium,mary; see
Fig. 3(b) for anexample).For bothtasks,we usedthe same
interactionprocedureand screendesign,only the respond
screenwasslightly modifiedto suitthedifferentneeds.

Screen Design and Procedure

The test images were presentedon a centered and
500x500 pixels wide array (white background)within a
gray frame, the transition betweenarray and frame was
smoothenedo ensurethat no interfering perceptioneffects
wereproducedy sharpedges.

The testscreenappearedor 200ms, after which the test
participantshadto provide their responséy mouseclick on
anrespondscreen.

After answeringa question,the test participantshad to
pressthe spacebarto getthe next image. After a delay of
300ms, the next imagewas shavn for 200ms within the
testareaandwasthenautomaticallyreplacedoy therespond

screen. Enteringthe answercauseda blank gray screento
appearandthe whole procedurenvasstartedanav by press-
ing the spacebar.

Materials

In general,the test screensconsistedof black ellipsesar-
rangedin an 8x8 array where every item was placedran-
domly in direction and distance but restrictedto positions
thatwould not produceoverlaps.

For targetdetectionthescreenshaved3, 32, or 64items
placedrandomlyin the array The usedblur levels for the
non-tagetobjectsconsistedf 3 differentgradegq7, 11, and
15) andtheir combinationgresultingin 7 classes).

For each combinationof the stepsof the two factors,
60 imageswerecreated 30 including a sharptarget object,
30 without. Fromthese30imagesb werechoserrandomly
for eachtestparticipantandthetotal of 210imageswaspre-
sentedo the participantin randomordet

For countestimationwe alwaysuseda fully occupiedar-
ray, i.e., 64 items, and only usedoneblur level perimage.
We producedestimagesfor every blur level andvariedthe
numberof sharpitemsfrom 5% to 95%in 5% increments.

Results

The resultsof this seriessignificantly prove thatthe degree
of blur hasaneffecton thevisual perceptiorof targetitems.
In bothseriesl and?2, thetestparticipantshad (statistically
proven)significantlyhighercorrectansweringatesvhenthe
blurred visual context of the targetitem exceededhe low-
est,leastblurredvisual presentation.This lowestblur level
shaved to be insufiiciently visually differentiatedfrom the
sharptargetitem (seealsoseries4 on thresholds).The cor-
rectanswersn seriesl (position/quadrantjvhere 94% for
a strongly blurred context versus64% for the insufficiently
blurredcontext. For existenceof targets(without location),
the correctanswersveresimilar (95%versus’/3%).

The numbersof itemson the screenhad a significantef-
fectonthe correctansweringoehaior. Concerningposition
detectionthe numberof itemsandthe percentagef correct
answerswvas 88% for 3 objects,73% for 32, and 70% for
64 objects. For existence,the respectie resultswere 89%
for 3 objects,80%for 32,and77%for 64 objects.

A varianceanalysisfor both effects (blur level, num-
ber of items; dependentvariable: position) as well as
their interactioneffects supportedtheseresults(blur level:
F(6,90)=83.1atp < 0.001;numberof items: F(2,30)=31.7
at p< 0.001; interactionF(12,180)=6.0 at p< 0.001). A
Schefé test concerningthe blur level proved that the ef-
fects were significant(critical difference:9%) betweenthe
resultinggroups(context with least,i.e., non-differentiable
blur level yes/no)but not within thesegroups.An analogue



Schefé testfor the numberof existing itemsshaved a sig-
nificant differencebetween3 versus32 or 64 items. There
wasno significantdifferencebetweerthe 32 and64 items.

For series2 on countestimationthe resultsprove that it
is possibleto accuratelyand quickly estimatethe shareof
sharpobjectsamongblurred ones. Taking estimationer-
rors independenfrom codinginto account,the valuesare
quite high: 88% of the estimationsverecorrectwhenusing
the highestblur level, 85% (mid), and 74% for the lowest
one. A varianceanalysisshaved significantdifferencedor
the lowestblur level comparedo both, mid and high blur:
F(2,24)=16.2atp< 0.001.

5.2 Series 3: Interplay

In this serieswe wereinterestedn the interplay effects of
combining different coding methodssuch as SDOF, color
andorientationandtheirimpacton the speedf perception.

Tasks

Themaintaskfor all typesof searchwasto locatethetarget
asfastandascorrectlyaspossible.We decidedto testthree
typesof searchtasks: simple disjunctive and conjunctive
where

¢ simplemeanghatthetargetis definedby onecoding
dimensionandno otherdimensionsarepresent-e.g.,
find thereditemwithin theblackones,

¢ disjunctivemeanghatthetargetis definedby one
codingdimensiorbut a second;meaninglessthough
potentiallydistractingdimensionis present-e.g.,find
thereditemwithin theblackoneswhereboththetarget
andthedistractorscould be sharpor blurred,and

e conjunctivemeanghatthetargetis definedby the
combinationof two codingdimensiongFig. 4) —e.g.
find thered andsharpitem within itemsthatcould be
red-blurred plack-sharpblack-blurred.

Screen Design and Procedure

In termsof laying out contentson the screen series3 was
identical to seriesl and 2. Due to the different problem
testedwe modifiedthe procedureknown from seriesonein-
sofar asthe program-controlledlisappearingf the testpic-
turesafter 200ms was removed and the test personhadto
pressthe spacebar to continueto the respondscreen.The
subjectavererequestedo do soassoonasthey wereableto
givetheright answer

Thereactiontime wasmeasuredrom theappearingf the
imageuntil the spacebar waspressedaindusedasthe main
dependenvariable. Also the respondscreenwas modified
by removing the button”not ableto locate”.

Figure4: An imagefrom series3, conjunctie search:Find
theblacksharpobject.

Materials

Dueto time constraintsyve only testedhe highestblur level
anduseda fully occupiedarray similar to the otherseries.
For thedifferentsearchtaskswe producedhefollowing test
pictures:

Simple Search: e all distractorsvereblack& blurred,the
targetblack & sharp; e all distractorswverered
& blurred,thetargetred& sharp; e all distractorsare
black& sharpthetargetred& sharp; e all distractors
wereblack& blurred,thetargetred & blurred;

Disjunctive Search: e thesharpobjecthadto belocated:
blurreddistractoravereselectedandomlysothat50%
wereredand50%black, e theredobjecthadto be
located:half of the distractorswvereblurred,the other
half sharp;

Conjunctive Search: distractorsverearrangedalong
3 furthercombinationf e colorandsharpnesgfor
targetsred & blurred,red& sharp), e colorand
orientation(for targetsblack & rotated black
& normal), e blurring andorientation(for targets
normal& sharp),andorientationandsharpnesgfor
targetsrotated& sharp);

Results

This seriesshaved statistically significant effects for the
conjunctve searchtasks, which each proved to be dif-
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Figure5: Theresultsof series3, by type of task.

ferent from all others(varianceanalysisF(6,72)=48.3 at
p < 0.001;Schefétest:critical difference250.8).

An interestingresultwasthatconjunctive searchor color
and blur cannotbe statistically differentiatedfrom ary of
the disjunctive or simple searchtasks. It seemsalso no-
tablethatthereis no significantdifferencebetweercolorand
blur coding, althoughblur shawvs a higher averagepercep-
tion/answeringime. SeealsoFig. 5 for a comparisorof the
resultsof series3.

5.3 Series 4:
Measurement of Threshold Value

Consideringthe useof SDOFin practicalapplicationswe
wereinterestedn identifying perceptuathresholdsaswell
asthecorrelationbetweertechnicablur valueandperceved
blur to helpwith decidingwhich blur levelsto use.

Tasks

The participantsvereasledto state

a) if twoitemspresentedtthesametime wereperceved
differentor equalconcerningheir blur level,

b) if one object presenteddn its own was perceved as
sharpor blurred,or

c) anumericalratio of two objectsshavn sideby sideon
the screenwhich bestfits their perceptionof the blur
levels.

Screen Design and Procedure

In this serieswe useda screerndesignsimilar to the oneal-
readyknown. The screenshoved one (centered)r two el-
lipses(distance80 pixels)within thetestarray

For a), we presentedheitemsin threevaryingtime series
sortedfrom highly blurred to sharp,the otherway round,
andin randomorder The blur level of the secondobject
wasincreased/decreasenhtil a differencewas subjectvely
perceved. To avoid adulterationsthis in-/decreasingook
placeafter oneto five randomlychosenloops,i.e., the test
personsvouldn’t beableto guesghecorrectanswer

For b), a singleobjectwas presentedn the centerof the
testareaandthe blur level wasin-/decreasedontinuously
until the right answerwasgiven. Similar to a), therewere
randomrepetitions.

In c), every possiblecombinationof thechoserblur levels
(seebelaw) werepresentedn randomorderandthe partici-
pantshadto statethe percevedratio verbally.

Materials

We usedthe alreadywell-known ellipsesblurredin arange
of 1 to 19. For c), we restrictedthe comparisonto 5 blur
levels:1,5,9, 11,and15.

Results

The assessmentf the test participants’subjectve estima-
tions andperceptionof thresholdsanddifferencegor vary-

ing blur levels provided valuableresults. Whentestpartici-

pantshadto tell if a presentedtem wasregardedasfocused
(sharp) thetestparticipantshaveddifferentaveragethresh-
olds dependingon whetherthe presentedtem serieswas
sortedfrom highly blurredto focusedaverageblur level 3.2)

or the otherway around(averageblur level 1.6). This result
is consistentwith our expectationconsideringhattestpar

ticipantsmentallycomparedherespectie predecessdtem

with the currently presentecbne. Anothervery interesting
resultis the obsenation of test participants’perceptionof

visual differencesof blur levels andthe estimationof their
ratio. Theseestimationswere highly correlatedto the ac-
tual mathematicatatio on which the blur levelswere deter

mined-.

6 Evaluation of Applications

During the secondphaseof this userstudy the application
of SDOFin real-world applicationswastested. Sincetwo
prototypeapplicationshave beendevelopedfor this study
two seriesweretestedwith eachof thetestparticipants.

1At this point, an obseration of testparticipants’subjectve behaior
andcommentshallbe mentionedtestparticipantfoundthetasksof com-
paringblur levels over alongerperiod(approx.15mins.) very cumbersome
andannging. Theseproblemsseento becausedy therequiremento con-
centrateon the blur effect assuch,in contrastto taskswheresharpobjects
werecarryingthe meaningwhich obviously makesmoresense.



6.1 Series 5: lesSDOF

In series5, we testedthe useof SDOFin relationto other
methodsin a word processoto supportthe usersin finding
relevantinformation.

Tasks

Main taskwasto answerquestionswherethe requiredin-
formationwasto be foundin the contet, i.e., the sentence
surroundinghegivensearchtem.

Screen Design and Procedure

Thetext displayprogram(Fig. 1) wasdisplayedcenteredn
the screendueto its smallersizea part of the desktopwas
visible. We useda sans-serifont (Verdanaynda font size
of 11 for displayingthetext.

The participantwas given the task on a piece of paper
andhadto enterthekeywordto searcHor into therespectie
text field in the application. The screendisplayedthe text,
andthe participantusedthe arrow keys to navigatebetween
hits. As soonas the answerwas found, the spacebahad
to be pressed.The answerwasgiven orally. The time was
recordedrom the submissiorof the searchuntil pressingof
thespacebar.

Thetaskswereperformedwith five differentquestionper
version.We usedthreedifferentversions:

a) ThesearchHtemwashighlighted(markedin black),the
text wasin corventionalpresentatioomode.

b) Thesearchtemwashighlighted(markedin black),the
context is sharp theremainingtext wasblurred.

c) The searchitem was highlighted (marked in black),
the context was highlighted (marked in gray), the re-
maining text was presentedn corventionalpresenta-
tion mode.

Materials

We used15 articlesdownloadedfrom the Internetconcern-
ing subjectssuch as natural sciencegsimple texts) or bi-
ographies.The lengthof the articlesvaried between7 and
20 pagesandtherewerefive to seven keyword hits in each.
To even out the influenceof the text and searchednforma-
tion, we usedevery text for every versionnestedwithin all
thetestparticipants.

Results

The averagesearchtimesfor the different presentation®f
thetargetword’s context wereasfollows: 11346ms(context
blurred), 11187ms (context colored),and 14027ms (with-
out ary highlighting). Thesevaluesare not statisticallysig-
nificant (varianceanalysisF(2,30)=1.77 at p=0.19), but

the averagesearchtime without highlighting the context is
higherthanwhenthe context is highlightedin eitherof the
two ways.

Theseresultsshow thatin atext displayprogram(suchas
lesSDOF) the blur effect works just aswell asotherhigh-
lighting whenit comesto visually finding a searchedvord.
But consideringthat blurring text the userhasmore effort
readingit, we have to realizethat SDOF doesnot provide
(additional)userbenefits.

6.2 Series 6: sScatter

The secondapplicationwe testedwas a scatterplot, which
is ableto shav datain differentrepresentationé-ig. 2). We
decidedto compareSDOF coding with orientationdue to
the comparabilityof the characterof thesemethods. Both
seemto be suitableas an additional coding dimensionbut
not capableof mary graduations.

Tasks

Accordingto our hypothese$rom the experimentalseries,
we think SDOF supportsa betterfirst overview and inter-
pretationof the dataand their distribution; so we selected
finding the centerof gravity of the targetitemsasthe task
for this series.

We testedtwo differentconstellationsn 2 overall tasks.
Onewasto allocatethe centerof gravity for a) sharpitems
and b) rotated45° items. The secondonewasto find the
centerof gravity of all items with a specific combination
of a) sharpnessnd color and b) 45° rotation and color.
Eachtaskwasrepeatedive timeswith differentdatadistri-
butions.

Screen Design and Procedure

As screenlayout we useda white backgroundof 500x500
pixels size. Ellipseswere plotedin colorsgreenor blue at
positionsaccordingo a 2D coordinatesystemwith its origin
in the lower left cornerof the display Axeswereshavn to-
gethemwith text labelsrepresentinghe data-to-axisnapping
in use.SeeFig. 2 for anexample.

Thetestpersonsvereinstructedto the functionandcod-
ing schemeof the scatterplot. Afterwards,the testpartici-
pantshadto identify thecenterof gravity in theexperimental
trials. The answermwasgivenby clicking onthe appropriate
areaonthescreen.The serieswasdesignechestedi.e., half
of the test personsstartedwith orientationcoding and the
otherhalf with blur codingto evenoutlearningeffects.

Materials

The differenttestpictureswere basedon the samedatabut
we did changethe meaningof the displayedaxessono two



picturesweresimilar, yetthetotal numberof itemsremained
unchangedAdditionalto interval datathereweretwo binary
variableswhich were color coded and SDOF/orientation
coded.

Results

TheSDOFmethodprovedto beveryvaluablefor thepercep-
tion of dataandinformationwithin ascattemplot. Theresults
shaw thatthe codingmethodof thetargetitems(blur versus
orientation)hada significantpositive effect on the accurag
(distanceto mathematicallydeterminedbalancepoint) with
whichthetestparticipantsolvedthetasks.It alsohadapos-
itive effectonthetimeit tookthetestparticipantgo solvethe
task. Theaccurag differedasfollows: for blur-codingof the
contetualitems,theaveragedistancdrom themathematical
balancepointwas25.5pixel points,whereador orientation-
codeditemsit was 39.0 pixel points. Comparingthe time
it took to solve the task,blur-codingof the context wassig-
nificantly better (average4822ms) than orientation-coding
(6833ms).

The quality of theseresultsis supportedby the fact that
accurag andtime on tasksdo not correlatewith eachother
(Pearsony=0.074; p=0.632). This shaws that the factors
areindependendf eachother, whichis animportantresult:it
would have beenpossiblethata higheraccuray is achieved
by longertime on task— but thisis notthe case.

Theseresultsverify the hypothesighat blurring the con-
textual itemswithin a scatterplot supportshe userin better
perceving therelevant(sharp)item’s characteristidistribu-
tion andcenterof gravity.

7 Discussion of Results

With this study we areableto prove thatthe SDOFconcept
really is preattentie, thatit directly supportsthe perception
of sharptargetitemswhenthe context is blurred. SDOFcan
significantly supportusersin focusingon relevantdataand
guidetheir attention.

We alsoverifiedthattheestimatiorof thenumberof sharp
objectswithin blurredonesis possiblevery accuratelywith
oneglance(200ms).

The userstudy also proved that blurring can be orthog-
onally combinedwith color coding,andsuchconjunctively
codeditemsarestill similarly fastto perceveassinglecoded
items. This very valuableresultshavs that SDOF canpro-
vide additionalsemantiovalueto a visualizationwithoutin-
creasingcognitive effort. The applicationcontect evalua-
tions shaved that — applied correctly— SDOF can support
specifictaskswithin an applicationcontext, suchas high-
lighting relevantdataor searchresults.This worksprimarily
by guidingthe users attention.

Directly regardingthe blurring effect, we foundthatusers
are able to clearly distinguish2 to 3 differentblur levels,
althoughit clearly shovedthatwithin oneimage,visualiza-
tion, or application,only oneblur level shouldoccursimul-
taneously

8 Conclusions and Future Plans

SDOFhasprovento be a valuableconceptworth investing
more effort into to explore its potentials,applicationfields
andextendedusergroups.After incorporatingthe resultsof

this study into the technique,we wantto carry out further
studies,including broaderusergroupsas well as extended
imageandapplicationcomplexity.

We alsowantto improvetheusefulnesef SDOFbasedn
theresultsof the userstudy It hasshavn that SDOFis not
suitableas an additionalfully-fledged visualizationdimen-
sion, but ratheras a distinction betweengroupsof objects.
We thereforewant to introducesecondarycues(similar to
motionblur, for example)to improve this.
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