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ABSTRACT

Therearemany well-usedtechniquesin exploratoryvisualizationthatselect,filter or highlight particularaspectsof the
visualizationto gainabetterunderstandingof thestructureandmakeupof theunderlyinginformation.Indeed,distortion
techniqueshave beendevelopedthatdeformandmove differentspatialelementsof therepresentationallowing theuser
to view andinvestigateinternalaspectsof thevisualization.But this distortionmaycausetheuserto misunderstandthe
spatialstructureandcontext of surroundinginformationandworks betterwhen the userknows what featurethey are
looking for. We believe that regularseparationtechniques,thatseparateandgeneratespaceroundfeaturesor objectsof
interestclarifiesthevisual representations,areunderusedandthat their useshouldbe encouraged.We describerelated
researchandliterature,presentsomenew methods,andclassifythe realizationsby what type of separationis usedand
whatinformationis beingseparated.
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1. INTRODUCTION & MOTIVATION

Layout,positioningandspaceareimportantfacetsof many applicationsincludingvisualization.For example,spaceand
silencein musicmake the phrasesandmotifs ‘standout’ andbe heard.Restandsleepin our daily cycle enablesus to
recover from the day; in Macbeth,Shakespearewrites “[sleep is the] nourisherof life’s feast”.- Indeed,spaceis the
naturaldelimiterin thewrittenword,allowing thereaderto scanandunderstandeachindividualwordandphrase,weuse
shortgapsto delimit words,andnew linesor indentationsto determineparagraphs;whenreadingoureyesmakesaccadic
movements:visually searchingtheimage,makingeyescanmovementsfrom fixation to fixation. moving from oneword
to another.

A dictionarydefinitionof separate/ includesaspectsof ‘settingor keepingapart’,disconnecting,dispersingin space
or time,scattering;goin differentdirections,severties;blockoff andsegregate;isolateandextract;dislocationandbreak.
Thus,in essenceseparationtechniquesmoveaspectsof thedataandvisualizationapart,theoperationmayaddintervening
spaceroundpertinentfeaturesor areasthatmayappearinteresting,or completelymoveobjectsaway.

The motivation behindthis separationidea is to provide space,both spatially and temporally, to specificallylook
at, explore andexaminein moredepthparticularaspectsof the information. For example,internal isosurfacesmay be
obscuredby externalsurfacesor otherobjects,by usingsomeform of separationthe internalobjectsmaybeableto be
seen:whetherpartially via the generatedspacefrom a spatialseparationor througha spatialextractionof thoseonce
occludedobjects.

Moreover, in this ‘information age’with computersandpeoplegenerating,processingandexchangingvastamounts
of dataand information– with no apparentend in sight to this ever increasingdatamountain– effective exploratory
visualizationcanhelpusersmake importantdiscoveriesgeneratetheories,generatemodelsanddevelopanunderstanding
of theunderlyinginformation.So,we needto designeffectivevisualizations.

Theuseof whitespaceis oneof thetoolsthatenablesinformationto bedisplayedclearly. Separationtechniquesallow
objects(or parts)of thethreedimensionalvisualizationto bedistancedor displacedfrom eachother. Thenewly generated
spacebetweentheobjectsallow theviewer to exploremoreeasilyandbetterunderstandthemakeupof the information.
For example,Tufte0 discussesgeneratingappropriategraphicsthat aretruthful, do not misguidethe userandallow for
comparisons;Sochartjunkandelementsthatdo not pertainto thevariablesandvaluesof thedata,thatdo not make up
the dataink, shouldbe removed. Table2 on the right is a muchimproved versionof that on table1 on the left, this is
achievedby removing thelinesandreplacingit with space.This highlightstheimportanceof space.
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Figure 1. Spatialconjunction,afterWare.1 Thefigureshowsthatseparationmayaidapre-attentiveconjunctionsearch;whentheuser
is askedto find (say)grayellipses,they eitherhave to searchthegrey thingsor theelliptical things. This processmaybespeededup
by spatialgrouping,depictedto theright.

Monthly Temperatures for England 2000 ( 243 )
Maximum Average Average Minimum

Maximum Minimum

January 13.3 7.9 2.7 -3.6
February 14.7 9.6 3.6 -3.0
March 16.7 10.8 4.7 -0.7
April 17.5 12.0 5.9 -0.2
May 25.0 15.2 9.7 5.8
June 29.1 17.7 11.5 7.0
July 24.6 17.4 11.9 7.9
August 26.5 20.0 13.8 7.7
September 24.7 19.7 12.8 7.0
October 18.8 14.8 8.6 4.4
November 14.1 10.7 5.1 0.7
December 14.9 8.7 4.6 -4.2

Table 1. Thetableis depictedusingmany verticalandhori-
zontallinesthataremeantto demarcateeachindividual val-
ues,but, theselinesrepresentchartjunkandthusdistractthe
userfrom the referenceinformation. The tableitself shows
monthly temperaturesfor England2000in 576 . Datacour-
tesyof theUK Met office.

Monthly Temperatures for England 2000 ( 243 )
Maximum Average Average Minimum

Maximum Minimum
January 13.3 7.9 2.7 -3.6
February 14.7 9.6 3.6 -3.0
March 16.7 10.8 4.7 -0.7
April 17.5 12.0 5.9 -0.2
May 25.0 15.2 9.7 5.8
June 29.1 17.7 11.5 7.0
July 24.6 17.4 11.9 7.9
August 26.5 20.0 13.8 7.7
September 24.7 19.7 12.8 7.0
October 18.8 14.8 8.6 4.4
November 14.1 10.7 5.1 0.7
December 14.9 8.7 4.6 -4.2

Table 2. Thetableis depictedwithout theextra lines,which pro-
vide a better, clearerrepresentationof the information. The data
itself representsmonthly temperaturesfor Englandin 2000. Data
courtesyof theUK Met office.

Suchaseparationor groupingof subparts,mayaidin perceptualoperationssuchasconjunctivesearches.For example,
Ware8 explains that pre-attentive conjunctionsearch,to find (say)gray ellipses,either the grey thingsor the elliptical
thingsmustbesearched.However, thismaybespeededup by spatialgrouping,suchasin theright partof Figure1.

Thusin this paperwepropose:

1. thatseparationtechniquesareuseful,easyto generate,andthatthey areunderused,

2. thatseparationmayoccurat differentstagesof thevisualizationprocessandof differentstylesof data,

3. therearedifferentseparationoperationsappropriatefor visualizationexploration,

4. visualizationsthatcontainseparatedinformationshouldmaintaincontextual informationof thosedisplacedobjects.

In section2 wecategorizeanddiscusswhatkind of separationandwhereit mayoccur, andprovidesomevisualization
examples.Finally, wediscussthemethodspresentedin thispaper(section3) andconcludein section4.
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Figure 2: Thevisualizationprocess,afterHaberandMcNabb.:<;>=

2. CATEGORIZATION & EXAMPLES

Spaceandlayoutareimportanttoolsfor thevisualizer. Thevisualforms– thesymbolsandmarksof avisualization– are
placedona spatial‘workbench’to form thevisualrepresentation.

In particularthenumerical,textual datais exchangedinto someform of visualstructure:a visualabstractform that
consistsof symbols,marks,graphicalandperhapstemporalproperties. This abstractform is thenmapped, via view
transformations,into a spatialrepresentationwhich canbedisplayed, ?A@>B seeFigure2. Suchview transformationsmay
includezoom,pan,clipping,distortionandchangingvisualeffectsfrom (say)abrushingcommand.C Indeed,Cardetal in
chapter1 say“The mostfundamentalaspectof thevisualstructureis space... spatialpositionis suchagoodvisualcoding
of datathatthefirst decisionof visualizationdesignis whichvariablesgetspatialencodingat theexpenseof others.”. C

As we seefrom the above referencemodel therearedifferent forms of separation.Indeed,we proposethat there
are different typesof separationoperationand that the separationmay occur at different placesof the dataflow. For
example,aseparationmayprovidespaceto demarcateboundariesandgroupsof objects;it mayactasanextractorfiltering
(extracting)certainaspectsof the informationor visual representation;it could act asa hardbuffer roundsub-areasof
datasuchthatalgorithmswould operatedifferentlyon theboundariesof thatdata.

Wehavegenerateddifferentvariousregularseparationsandexperimentedwith separationondataatvariousstagesof
thedataflow paradigm.Indeed,wehavealsouseda layeringtechniquethatre-joinspartof theinformationbacktogether.
Wehaveimplementedtheseideasin variousvisualizationtoolsincludingIRIS Explorer,D theWaltzvisualizationsystemE
andtheVisualizationtoolkit FHG andin thispapershow resultsfrom theVisualizationToolkit. In thenext sectionswediscuss
thetypesof separationoperationandthenwheretheseparationoccurs.

2.1. Separation Operations

Therearemany differentseparationoperations;thesewecanseefromthevarioustransitivesensesof separation.Including
Disconnection(break),Scattering(explode,dislocate,dispersein spaceor time),Movement(‘go in differentdirections’),
Isolation(extract)andDistortion.

2.1.1. Disconnection

Many datasetsareimplicitly spatial,andhenceareconnectedasone.A separationoperationwouldallow oncecontinuous
objectsto betreatedasseparateentities.This operationrepresentsabarrier:whethernonspatialor spatial.Theelements
aresegregatedand‘blocked off ’ from others. For example,continuousdatafrom an MRI scanmay be separatedinto
octants,eachof theoctantsaredisconnectedfrom eachothersuchthatafloodfilling operationwouldonly floodoverone
octantandwould not beableto flood into neighbouringoctants,seeFigure3.

2.1.2. Scattering

Scatteringallows theobjectsto bedisplaced,translatedandmovedfrom their original position.This includesexplosions
andotherdislocations,suchexplodedviews areusedin CAD drawings. Often it is desirableto have the displacement
factorconstrainedsuchthattheexplosionoccursin onecontrolleddirectionratherthanskewing out into spacein multiple
directions.FIF Figure4 showssomepictorial variationsof scattering.
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Figure 3. A separationoperationmaydisconnectcertainaspectsof theinformation,suchthatelementsthatwereconnected,or adjacent
to othersbeforemaybeconsideredasseparateentities,suchthatalgorithmsthatconsiderneighbourhoods,for example,flood filling
algorithms,wouldonly floodthroughouttheappropriateseparatedparts.PartA is theoriginaldataset,B showstheoriginalfloodresult,
C shows theseparationandpartD depictstheresultingflood.

A. Original
J

B. Center explosion C. Constrained explosion

D. Scatter (scaled and ordered by size)

Figure 4. Figureshowing differentscatteringor explosionmethods. Thesearescatteringsof derived data,suchascreatedfrom a
flood-fill threshold.



2.1.3. Movement

Dispersionmayoperateovertime;motionmaybeusedto separatetheinformation.For example,ascatterplotof different
humanattributesmaybedisplayed,if themenandwomenweredisplayedby thesamesymbolthenthey wouldnotbeable
to bedistinguished.But, theusercouldselectall theinformationpertainingto women,pick themupandmovethemaway.
Suchmotionwould beprocessedasa pre-attentive cueK andenablethe informationaboutthewomento beviewedand
seenasseparateto themaleinformation,however, thegroupinginformationwould belostwhenthemovementceased.

Investigative visualizationusingmovementto separateaway objectsof interest,especiallyinternalobjectsthatwere
obscured,wasusedby Robertsin theWaltzvisualizationsystem.LAMHNOK
2.1.4. Isolation

An isolation or extractionoperationmay occurvisually, by arrangingthe appropriatepre-attentive marks(e.g. using
techniquesthatelide,suchaschangingthecolorof somemarksto thebackgroundcolor),or couldoccurasanextraction
operationto subset,filter or specializethedatainto a reducedsubsetof information.

2.1.5. Distortion

Although,wearenot specificallyadvocatingdistortionor themagnificationof partsherewe includeit astheoperationis
basedon thesameprinciplebut thesize,scale,orientationmaybedistortedduringtheseparationoperation.

Sheelaghet al NHP4MQNSR describesomemethodsthat linearly stretch,warp, radially move or displaceobjectsaway from
the ‘line of sight’, enablingthe user to focus on a particularobject or view the information better. Suchnon-linear
magnificationtechniquesaresimilar to thetechniquesusedby mapcartographersin thedifferentprojectionsusedwhen,
for example,mappingthesurfaceof theearthto a2D map.Suchdistortiontechniquesmaybeusefulandunderstandable
for certaindatasetsandmappings. Indeed,the userimplicitly understandsthe connectionof the graphseven usinga
non-linearmappings,astheadjacency informationis keptby theexplicit line connectionsbetweeneachnodes,but may
not be so appropriateon every kind of representation,suchasisosurfacevisualizationsasthe continuousnatureof the
visualizationis representedby theadjacency with neighbouringobjects.WareK states“an obviousperceptualissue... is
whetherthedistortionmakesit difficult to identify importantpartsof thestructure”.Thisproblemcanbeespeciallyacute
whenactualgeographicalmapsareexpanded.

Themotivationbehindtheirdistortiontechniquesis to ‘providespacefor magnificationof localdetailby compressing
therestof theimage’.NSR Additionaldistortionorientedpresentationsaredescribedby LeungandApperley. NOT
2.2. Where the separation occurs
We categorize ‘where andwhat informationmay be separated’basedon the dataflow model,Figure2. The function
thatgeneratestheseparation mayoccurat differentstages(or at differentdataspaces)in thedataflow model. Thusthe
separationcommandaffectsinformationup streamin thedataflow: astheup-streamdatais dependenton theprocesses
down stream.Thus,it maybearguedthat theseparationcommandonly takesplaceat the lastmapping-stage,however,
by categorizing the informationin thewholedataflow model,we provide a convenientmethodto evaluateanddescribe
whatinformationis beingseparatedandthescopeof theseparation.Thescopedetermines,for example,if theseparation
operationis takingplaceon thewholedata-spaceor onaspecificobject.

We statethat the informationmaybeseparatedat eachstageof thedataflow paradigm,indeedtheseparationoccurs
beforethenext stageoperation.Separationoperationsmaybeappliedto:

1. theoriginalReferenceData,

2. theDerivedData, wheretheseparationoperationactsuponindividual categories,sub-setsor any filtereddata,

3. the Abstract VisualizationObjects, where the displacementoccurson individual partsof the mappedAbstract
VisualizationObject,

4. theImage andScreenSpace.

Theseparationappliedat differentstagesof thedataflow paradigmgeneratesa differentmethodof explorationand,
aswe explain further in the full paper, the techniquesat thevariousstagesmaybeusedtogetherto generateinteresting
separationresults.
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Figure 5. Part A depictsschematicallythat the datamay be separatedinto sub-areas.Eachareamay be displacedto increasethe
inter-dataspacing.PartsB,C andD show two differentisosurfacevaluesbeingdepictedin eachsub-cube,with differentnumbersof
separationsandavariationof theseparationspread.

A B C D

Figure 6. Part A depictsschematicallythat the datamay be separatedinto sub-areasthat interweave eachother. This generatesa
checkerboardstyle pattern. Parts B,C andD show two different isosurfacevaluesbeingdepictedin eachsub-cube,with different
numbersof separationsandavariationof theseparationspread.

2.2.1. Separation of the Reference Data

At the datalevel the informationis in its referenceun-processedstateany separationat this level hasthe possibility of
beingabstract,especiallyastheinformationitself may, or maynotbespatial.For example,if theinformationis in tabular
form, a separationoperationmay occuron a row or column. Disconnectionoperationsmay be usefully appliedhere,
suchthatspatialdatamaybesubdividedinto a numberof parts.Individual classificationof thesubpartsmayenablethe
disconnection,suchasshown in theskull imagesof theVoxel-man3D navigatorUHV thatshowsdifferentpartsof thehuman
skull in variouscolors(red: frontal bone,blueleft parietalbone,greenlambdoidsuture,etc).

Different separationoperationsmay be appliedto an individual portion of the dataor to the whole dataset. For
example,a subsetof theinformationin theOriginal-DataSpacemaybeseparated,or, every partof theinformationmay
be moved away in a grid formation. This latter methodis similar to the ‘tiny cubesmethod’ of, UOW who display the
threedimensionaldataasaseriesof colouredcubeswith openspacebetweenthecubes,theirdisplacementvaluemaybe
dynamicallyalteredto increasetheinter-dataspacing.Sucha grid formationis shown in Figure5.

Theindividualsub-cubesmaythemselvesbedisplacedor scattered,or maybeoverlayedwith othersub-areassuchthat
eachalternatecubeshowsdifferentvisualization.In Figure6 wedisplaythedatawith two isosurfacesplacedneighbourly
suchthatonecubewith a differentisosurfacevalueis depictedin anadjacentcube(acheckerboardstylepattern).



Figure 7. TheLoopShrk.cxxexamplefrom theVisualizationToolkit. XZY Theexampleshows thataspectsof themappeddata,suchas
thepositionof individualpolygonsmaybeseparated.

A B

Figure 8. In partA wevisuallyseethateachsymbolhasthesamewidth andthattheresultweseeon theright is []\^[`_ba . However,
partB shows that thecentergap,with thesamewidth astheobjects,mayvisually representanobject(albeit a negative description)
thusthreeobjectsarecounted.

2.2.2. Separation of the Derived Data

Separationof deriveddataallows featuresor subpartsto betreatedasoneentity. For example,theexamplesin Figure4
areexplosionsof datafeatures.The featurescouldbegeneratedfrom a isosurfacealgorithm,where,eachof the joined
surfaceswould make up the featureset. Indeed,the aforementionedVoxel-man3D generatesexplodedviews of the
individual skull parts.cQd
2.2.3. Separation of the Abstract Visualization Objects

It maybeusefulto separatetheindividualaspectsof themappeddata,suchasthepositionof individualpolygons.Indeed,
Schroederetal cHe in theVisualizationToolkit provideanexampleLoopShrk.cxx thatshrinksthepolygonsizeto create
agapor spacebetweenneighbours,Figure7.

2.2.4. Separation of the Image and Screen Space

Theseparationoperationcouldoccuralsoat theimagespace,suchanoperationmaybeconceivedasaclippingoperation.

3. DISCUSSION

We have describedmany differentwaysthat separationmay be usedin exploratoryvisualization. We statethat this is
regularseparationastheinformationis notdistortedor deformedin any respect.Indeed,mostof ourexampleshaveused
straightcutting planesto divide anddistancethe objects;however, like the Voxel-mancHf explodedview example,non
planarcutsto separatetheinformationarepossibleanduseful.

Oneof theusesof suchseparationis to provide spaceandallow theinformationto bebetterseen.Indeed,separation
operationsdo provide spacebetweenobjectsandfeaturesmakingexplorationpossible,but dependingon theamountof
increasedspace,thevisualizationmaystill haveocclusionproblems.Thedistortiontechniques,thatprovide linesof sight
to a particularfeature,may be betterwhenthe userknows what to look for andhow the informationis organised;but
implicit spatialadjacency informationmaybelost by usingsuchtechniques.



Anotherproblemwith separationtechniquesis that the middle gap may look like anotherobject. JosefAlbers, as
quotedby TuftegQh says“oneplusoneequalsthreeor more...”. This is shown in figure8. Thisnoiseis directlyproportional
to thecontrastin valuebetweenthelight anddarkareas,thus,Tuftesays“a varyingrangeof lighter colorswill minimize
incidentalclutter”.gQh Moreover, sucha separationof continuouspartsmaybe in conflict with perceptiontheoriessuch
as the Gestaltlawsi of groupingof parts: for example,proximity is a strongcue: things that are closetogetherare
perceptuallygroupedtogether. But the separationtechniquesmentionedin this papermay aid understandingor certain
perceptualtaskssuchasin aconjunctivesearch(mentionedin section1).

This papersuggeststhatspaceis useful.However, too muchspacewithout too muchcontentmaygeneratea useless
visualizationindeedtaking this ideato the extrememay or may not be useful. For example,spacein music is useful,
however, taking the spaceto its furthestconclusiongeneratessilence;asindeedJohnCagedid with his pieceof music
4’33” thatdetailsacompleteabsenceof sound.ikj In thiscase,it is arguedthatthis silenceallows thelistenerto relax,be
atpeace,hearthewind throughthetrees,iAg but suchaphilosophicalextremeappliedto visualizationwouldmeannothing
is displayed:ameaninglessvisualizationwould result.

4. CONCLUSION

SpatialSeparationis a simpleconcept,yet we believe it is a methodthat is not widely used.We have describeddifferent
separationtechniquesandprovideda categorizationof wherethe informationmaybeseparated.This groupingis based
on the dataflow modelandprovidesa convenientway to evaluatewhat informationmay be separated.We have also
presentedsomeexamplevisualizations.

Furtherwork andevaluationof theuseof separationwouldbebeneficial.Indeed,Sheelaghetal gSl mentionthestudies
by Wareaboutthe‘amountof usablespacein a3D graphdisplay’.

Separationshouldbeencouragedasa goodmethod,but to gain a correctunderstandingof the informationmultiple
visualizationmethodsshouldbe usedto displaythe sameinformation. In any visualizationexploration– especiallyin
separation– the taskis to find objectsof interestby highlighting andmoving partsof the visualization,whetherthese
arethe objectsof interestthemselvesor occluding(non-interesting)facets.By usingregular separationtechniquesit is
possibleto explore the visualizationandfind featuresof interest,indeed,this is madeeasierby keepingthe adjacency
informationof thepartsof thevisualization.
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